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Abstract  

Biomass gasification is considered a key technology in reaching targets for renewable energy and CO2 

emissions reduction. This thesis studies the feasibility of a new technology of biomass gasification 

called WoodRoll for the production of Syngas with the aim to replace fossil fuels in the furnaces of the 

steel company OVAKO in Hofors.  This research attempts to study the techno-economic viability of 

WoodRoll technology integration with the district heating company HEAB, creating a synergy 

between the companies and WoodRoll technology. Moreover, a theoretically study of the 

environmental impact, concerning greenhouse effect and pollutants it is also carried out. 

 

In the future scenario HEAB, as an energy supplier will be the gasification plant owner supplying with 

Syngas 5% cheaper than the fuels that they use today to Ovako.   

Three different scenarios have been studied varying the capacity of the gasification plant. The 

scenarios are 5MW, 10MW and 15MW capacity. 

 

The study show that the system is technically viable being possible to create a synergy  between the 

three process improving efficiency and decreasing cost and CO2 emissions. 

 

The results from the economic study show that biomass gasification using WoodRoll technology is a 

highly interesting investment option for HEAB. From Ovako side, the project is very interesting too 

since the company can have a combustible 5% cheaper than the fuels used today without doing any 

investment. 

In 5MW scenario, 40GWh per year are converted in Ovako from oil to Syngas. With an investment for 

HEAB of 9.8 mSEK, profits were a Net Present Value of 6.3mSEK with 7.8 years of payback period. 

In 10MW scenario 80GWh were replaced. In this scenario, required investment was 146 mSEK with a 

NPV of 32.5 mSEK . Payback in this case was 6.3 years. The most profitable scenario was the case of 

15M. With an investment of 188 mSEK the profits of the project were 60mSEK with a payback period 

of 5.8 years. 

In the three cases, especially in 15MW case, sensitivity study of the system show that it is very robust 

to changes in biomass cost and Syngas price. This parameters have a big impact on the profits but a 

big margin until becomes unfeasible. 

 

From Ovako side, savings for the fuel conversion were 1.2; 2.4 and 3.6mSEK for the 5, 10 and 15MW 

respectively. Reduction of CO2 emissions was 11, 20 and 30 thousands of CO2 tons for the three 

scenarios allowing  the company to sell CO2 allowances and having an extra profit of 3, 6 and 8mSEK 

per year in the 5, 10 and 15MW scenario respectively. 
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1 Introduction 

1.1 Background 

Nowadays, an affordable, reliable and clean energy supply is of major importance for economy, 

society and environment. 

Climate change, increasing fossil fuel dependence and rising energy prices are rendering Europe 

increasingly vulnerable. The key to a sustainable future must involve renewable energies. To cope 

with this issue, as part of its Energy Policy for Europe, the European Commission has put forward a 

proposal for a long-term Renewable Energy Roadmap. (European Commission) 

The European Union (EU) has set ambitious targets for a transition to renewable energy. The objective 

is to diversifying the energy supply, reducing dependency on fossil fuels and mitigating CO2 

emissions.  General targets of the integrated energy and climate change policy adopted in 2008 defines 

20% greenhouse gas reduction, 20% reduced energy use though increasing efficiency and 20% share 

of renewable energy by 2020. 

 

The worldwide industrial energy use in 2008 was 27% of total use (IEA). As an intensive energy user, 

for the industry, the threat of rising energy prices, increased competition of raw materials and the 

environmental problem of global warming, are major concerns. The challenge is to mitigate the 

greenhouse gas emissions and to improve the energy and resource efficiency without reducing 

competitiveness.  

 

In Sweden in 2010 the total industrial energy use was 149 TWh or about 24% of the total Swedish 

energy demand. In particular, the iron and steel industry is the second largest industrial energy user, 

accounting for 15% of the total industrial energy use in Sweden (IEA). Furthermore, the iron and steel 

industry consumes large quantities of fossil coal as a reducing agent and as fuel, which result in 

significant CO2 emissions. In 2008, carbon dioxide emissions from the iron and steel industry in 

Sweden totalled 6.6 million tons or 33% of the total industrial CO2emissions. Consequently, it is of 

great concern that the steel producing sector reviews its energy use in order to meet future climate 

targets and energy prices. 

 

Over the years, many of the solid fuel based devices have been converted to petroleum-based fuels due 

to the availability and the compactness of the combustion system; without serious concern on the 

economics of operation. With the present changes in cost of petroleum fuels, the overall economics are 

being affected. Economics along with the environmental considerations has resulted in looking at 

alternative sources of energy. (S Dasappa) 
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1.2 Research focus 

In Sweden, with an abundant forest resources and a well-developed forest industry, bioenergy will 

play an important role in reaching the EU targets for renewable energy. Decentralized production 

already offers considerable potential to utilize local bioenergy resources though small-scale refining 

promoting a sustainable development. (HighBio)  It has expected to be of key interest for future, 

production of second generation biofuels.  

 

Even when considering waste streams from forest or agriculture, biomass is still a limited source what 

makes efficient utilization essential. Biomass gasification has a surplus of heat therefore integration of 

biomass gasification processes with heat sinks of different kinds or co- production of several energy 

carriers as district heating systems or industrial processes gives an opportunity for higher total 

conversion efficiencies. (Wetterlund) Although biomass gasification processes are not yet ready to be 

realized at full scale, conducting system studies have to be done in order to know how in the future 

they can be implemented in the larger energy systems. 

 

By looking at the case of study this thesis, Cortus AB, Värmevärden AB and Ovako AB are 

companies within Clean Production Centre (CPC), a network that acts for a sustainable development 

within the steel industry. Cortus AB is a company working with sustainable green power for process 

and power industries. The company is one of the major active players in Sweden, striving at 

commercializing biomass gasification with their patented WoodRoll® technology. 

Ovako has in Hofors a steel plant and Värmevärden owns and operates heating plants in 

several locations in Sweden, including Hofors. In Hofors, Värmevärden and Ovako are cooperating 

with the ambition to produce as much as possible of the district heat from waste heat formed from the 

steel production.     

Hofors municipality has a well-developed district heating system. The district heat is today mainly 

provided from a heating plant owned and managed by Värmevärden AB. Biomass from nearby area is 

used as fuel in the heating plant. In addition, waste heat formed from the steel producer Ovako AB is 

also used in to the district heating grid.  

Ovako are today primarily using electric energy, but also a large quantity of fossil fuels for their 

processes.  

This thesis deals with the integration of WoodRoll technology between Ovako AB and Värmevärden 

AB producing syngas for replacing fossil fuels at the steel plant. The analysis includes techno-

economic aspects, as well as considerations regarding effects on CO2 emissions. 
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1.3 Aim and Objectives 

The aim of this project is to make a prefeasibility study using WoodRoll technology for gas production 

where the gas would replace fossil fuels at Ovako. The objectives are: 

 

 Build up a future scenario with WoodRoll technology  creating  the biggest synergy possible 

between the triangle of both companies and WoodRoll technology 

 Achieve a systematic study of supply logistics, fuel capacity and location of a gasification 

plant including investment, fuel cost and profitability perspective where the plant size 

dependency is included.  

 Economic and technical evaluation of the potential and profitability of the future scenario.  

 Theoretically study the environmental impact, concerning greenhouse effect and pollutants, 

from the situation today and in the future. 

This research attempts to study the techno-economic viability of WoodRoll technology in different 

industrial areas as well as to look an alternative source of energy for the steel industry. 

 

1.4 Limitations 

This thesis is a prefeasibility study, the complete design of the plant and all connections with the steel 

and district heating company are out of the scope. 

The biggest limitation in this work is that by secrecy reasons, listed prices are used instead of 

negotiated. 

 

1.5 Announcements 

I would like to thank:  

- Patrick Olsson and Ulf Holmberg from Clean Production Centre. First of all for give me the 
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- Especially to my supervisor Marko Amovik from Cortus for all support received. Also thanks 

to Mats Thideman and Ram Alzuheri for your help. 

- My supervisor at university Nawzad Mardan for improve my work.  

- Anders Lund and  Per-Olof Lindberg from Ovako and Per Persson, Johnny Westling, Lars 

Sjökvist, Jonny Östling, Krister Svedin and Michel van Geest from  Värmevärden for all good 

information provided  and explanations to carry out this work. 
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2 Method 

The first part of the thesis a comprehensive literature review covering gasification technologies and 

state of art, integration of the technology in different industry areas, production process of steel and as 

well as policies related with energy and bioenergy has been performed. The literature data has then 

been compiled and evaluated.  

In order to perform a comprehensive case study an extensive amount of data must be gathered. This 

data include process parameters, economic data and knowledge about the sociotechnical system where 

the process operates. In this thesis, such data have been gathered during the second stage. 

Second stage was to collect data from Cortus AB in order to deeply understand WoodRoll technology. 

A contact was established with Värmevarden AB and Ovako AB after several meetings in order to 

collect all data needed to carry out the study. With Ovako AB a guided visit of the production process 

and fuels distribution system was done too. 

 

After collect all data and understand the requirements and characteristics of all parts as well as to 

study the possibilities of WoodRoll integration, three possible future scenarios were built. 

A deeply economic study was possible to perform understanding all economic factors involved at the 

new scenario, data provided by Cortus about investment and operational costs of the gasification plant 

and data provided from Ovako about investment of fuel conversion. 

 

After set the performance of the three scenarios an environmental impact was done comparing the 

actual and future situation. 
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3 Literature Review 

3.1 Sweden 

Sweden is a Nordic country on the Scandinavian Peninsula in Northern Europe. The country borders 

with Norway and Finland, and is connected to Denmark by a bridge-tunnel.  

Sweden is the third largest country in the European Union by area, with a total population of about 9.4 

million.  Its population density is low with a value of 21 habitants per square kilometre with the 

population mostly concentrated to the southern half of the country. Sweden's capital city is Stockholm, 

which is also the largest city. 

The country has a highly developed economy; the World Economic Forum 2010–2011 

competitiveness index ranks Sweden the second most competitive economy in the world after 

Switzerland. 

Sweden is an export-oriented mixed economy. Economy is built on rich reserves of iron ore and 

timber, and plentiful hydroelectric power. The main industrial sectors are forestry, telecoms, and the 

automotive and pharmaceutical (Swedish institute) 

 

Regarding energy; since the oil crisis in the early 1970s, Sweden has invested heavily in the search for 

alternative energy sources. Its phase-out of oil has proceeded smoothly. In 1970, oil accounted for 

over 75 % of Swedish energy supply; by 2009, the figure was just 32 %.  

Sweden outlined its present energy policy in 1997. The government wanted to promote “efficient and 

sustainable energy use and a cost-effective energy supply” that would “facilitate the transition to an 

ecologically sustainable society.” (Swedish institute) Since then, electricity has been generated mostly 

from hydropower and nuclear power but new energy policies stays in phasing out oil but decreases 

nuclear power, and inverts multi-billion dollar  in renewable energy and energy efficiency. 

(Commission on Oil Independence ) 

 

Many organizations exist to carry on with the new energy policies. The most important is the Swedish 

Energy Agency. The Agency supports research and development about the supply, conversion, 

distribution and use of energy. Assistance is also provided to development of new technologies. 

The Agency is involved in broader international energy research cooperation, which among other 

things, is about the increased use of renewable energy sources and development of new technologies 

and systems for energy supply. (Swedish Enegy Agency) 

 

http://en.wikipedia.org/wiki/World_Economic_Forum
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Hydropower
http://en.wikipedia.org/wiki/Renewable_energy


 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

6 

The fact that government and industry are co‑operating, helps the industry to reduce its energy costs, 

improve its competitiveness and contribute to a better environment. This also makes important 

contributions to sustainable growth and upholding of economic welfare. 

The Swedish Energy Agency’s research priorities for industry are concentrated on the energy-

intensive process industries. The mining and steel industry is still one of the most important sectors of 

Sweden´s economy, for regional employment and for foreign trade.  (Geijerstam y Nisser) 

 

In the field of the steel industry, the most important association is Jernkontoret - the Swedish Steel 

Producers' Association. Their activities are also co-financing by the Swedish Energy Agency. The 

project package promotes energy research within the steel industry and is carried out with close 

collaboration between the university, the research institute and industry and trade.  The aim of the 

energy program is to continue the cooperation with the energy intensive steel industry in order to 

ensure Sweden’s leading position within the area of steel. One of the four current projects within the 

areas of heating and production engineering is reduced use of fossil energy in the steel industry 

through high-temperature gasification of biomass and waste what is the aim of this thesis. The project 

aims to avoid 212 GWh of oil and gas per year. (Jernkontoret) 

 

3.1.1 Hofors 

Hofors is a small municipality located in the 

province of Gästrikland. Hofors belong to the area 

called Bergslagen. Historically, Bergslagen in 

general and Hofors in particular are places with a 

long tradition in steel making. Especially in this 

area, as it´s shown in the Figure 3.1, secondary steel 

making is more popular and there are many 

companies that have the ability to develop, 

manufacture and sell solutions for sustainable 

development in the steel industry. 

The research of Jernkontoret is carried out in the 

form of individual projects within Jernkontoret’s 

technical areas.  Hofors belongs to TrippleSteelix 

industrial region, a regional development initiative 

that aims to make the already successful steel 

industry, in Bergslagen even stronger through the 

effective collaboration between industry, society and Figure 3-1Metalurgical facilities of the steel industry 2008 

(Geijerstam y Nisser) 
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research in the region. TrippleSteelix includes eleven municipalities in three counties: Dalarna, 

Västmanland and Gavleborg.  

 

Moreover, a part of the TrippleSteelix project, started as a Hofors Kommun initiative, in 2007, is 

Clean Production Centre founded with the aim to build up a cooperation cluster between the local steel 

manufacturers, engineering companies and universities. (Jernkontoret) 

Further important reason for a regional strategic network like Clean Production Centre is to make the 

regional companies understanding of the strategic implications of vertical collaboration and of the 

interdependence of production and marketing which contributed to increased open-mindedness and 

introduced a positive attitude to innovation, (Eklinder-Frick, Eriksson und Hallén). 

This is a regional development project that involves eight municipalities, three counties, eight major 

steel companies and around 200 smaller companies in Bergslagen. Clean Production Centre started 

with a broad approach, including energy, residue, air emissions and water and landfills. Gradually the 

activities are focusing on energy. (CPC) 

 

This master thesis is a proposal from Clean Production Centre. The case of study involves two 

companies of the cluster which are Ovako AB and Hofors Energy AB. 

3.2 Environmental issues 

3.2.1 Energy uses & emissions goals 

Swedish energy policy follows the direction of EU energy policy. It has three main foundations: 

competitiveness, sustainability and security of supply.  

The 20/20/20 targets previously established at the spring summit 2007 remains unchanged. These 

targets involve the reduction of greenhouse gas emissions by 20% compared with emissions in 1990. 

At least 20% of the EU final energy use must come from renewable sources, compared with 8.5% 

today. Energy efficiency should be improved and primary energy use reduced by 20% compared with 

projections. These targets are all to be achieved by the end of the year 2020. (Swedish Energy 

Agency) 

 

To promote the implementation of the energy strategy, recently, a new directive called the Energy 

Roadmap 2050 has been set for the EU’s long- term energy policy. The EU shall reduce its greenhouse 

gas emissions by 80% by the year 2050 compared with emissions in 1990. To succeed, a number of 

intermediate targets have been set: 25% reduction by 2020, 40% by 2030 and 60% by 2040. In 

working to achieve these targets, energy efficiency and electricity production with almost zero 

emissions play a major role (IEA) 
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During 2009, parliament approved a new climate and energy policy. The new climate and energy 

policy, which is based on the EU’s 20/20/20 targets, sets a number of targets and strategies for Sweden 

stricter than for Europe.  The energy supplied from renewable resources shall amount to at least 50% 

of the total energy and 10% of the energy used for the transport sector. This is only a part goal; the 

transport sector should be independent of fossil fuels by 2030. Also, the energy intensity shall be 

decreased by 20% with regard to all sectors among 2008-2020. Regarding CO2 emissions, the target is 

reducing them by 40% by 2020. 

 

The vision for 2050 is that Sweden should have no net emissions of greenhouse gases into the 

atmosphere. This decision is a supplement to the environmental quality target for limited climate 

impact. Ways of reaching these targets include government proposals to modify taxes and implement 

more stringent economic policy instruments. Green investments in developing countries as well as 

EU-wide decisions have also been highlighted as important means towards achieving these targets. 

Several components considered for new energy taxation are planned to enter into force in 2013 (IEA) 

 

3.2.2 Energy policy instruments in the industry 

3.2.2.1 Energy taxes 

Energy taxes are aimed at improving the efficiency of energy use, favour the use of bio fuels, to ensure 

incentives towards less environmental impact from the industry and to create conditions supporting 

local production of electricity. 

In Sweden there are taxes on electricity and fuels, on carbon dioxide and sulphur emissions, and there 

is a levy system on emissions of nitrogen oxide. The taxes are varying and are dependent on whether 

the fuel is being used for heating or as motor fuel, and whether it is used for households, industry or 

the energy conversion sector. (Swedish Energy Agency)   
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Following Table 3.1 general energy and carbon dioxide taxes of different fuels from 1st of January 

2011 are shown. Prices are excluding VAT. 

Table 3-1. Taxes of different fuels in Sweden January 2011( IEA, 2012 

 

 

Fuel for heat production is subject to all taxes nevertheless biofuels and peat is tax free. In the case of 

CHP and manufacturing industries there is a reduction. In this case they have just to pay 30% of 

general tax level. For crude tall oil, reduction rules on energy tax apply as it is not subject to carbon 

dioxide tax. 

Energy-intensive industrial operations as the case of study of this thesis have special rules which, from 

1 January 2011, allow a reduction of that part of the carbon dioxide tax which exceeds 1.2% of the 

retail value of the manufactured products when 70% of the carbon dioxide tax has been deducted. This 

reduction requires the company to be energy-intensive in accordance with the 0.5 per cent rule. A 

company is energy-intensive according to the 0.5 per cent rule if the remaining tax (excluding sulphur 

tax), after the general tax reduction for fuels used for heating or the operation of stationary engines in 

manufacturing industries or market gardening, amounts to at least 0.5% of the value added by 

processing. The maximum carbon dioxide tax relief of 70% is obtained for an electrical efficiency of 

15%. Exemption from energy tax is obtained for an electrical efficiency of 5%. (IEA) 
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3.2.2.2 Green electricity certificate scheme 

The green electricity certificate scheme is a market-based support system to increase electricity 

production from renewable resources in Sweden. One green certificate unit is issued for each produced 

MWh of renewable electricity, which contributes to an incentive to expand the renewable electricity 

production. Electricity suppliers and certain electricity users are required to buy green electricity 

certificates equal to a certain proportion of their electricity sales or use. The market for the certificates 

is increasing since the amount of electricity certificates that must be purchased each year is changed. 

(Swedish Energy Agency) 

 

3.2.2.3 Emissions rigths trading 

The objective with emission rights trading is to reach the commitment in respect of reduced emissions 

set by the European Union in the Kyoto protocol. The aim is to reduce the emissions of greenhouse 

gases at the lowest possible cost by letting companies create a market for the allowances of carbon 

dioxide emissions given a limited ceiling. The rights to use the trading system include a limited 

amount of sectors within the energy intense industry as well as electricity and heat producers. One 

emission allowance gives a company the right to emit one ton of carbon dioxide over a certain time 

interval. The market price of an emission allowance is determined by the balance of supply and 

demand.  In Figure 3.2 prices of European Union Allowances in EUR/ton CO2 are shown. 

 

 

Figure 3-2 European Union Allowances price ( (IEA) 

Prices have been fluctuating from 30 to 8 € standing now around 15€ due to fuel prices variation and a 

political factor in form of trading directives, which restricted the amount of rights available yearly. For 

the period 2013–2020, it is expected to be reduced again. (IEA) 
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There are other programs as energy audits checks or the programme for energy efficiency 

improvement (PFE) in order to support the efficient use of energy that will not be explained due to the 

irrelevance with this thesis. 

 

3.3  Energy prices 

3.3.1 Electricity 

In 2010, a total electricity production of 145 TWh was reached in Sweden. The electricity from 

hydropower accounted for 66 TWh (46%), and nuclear power delivered 56 TWh (38%). At the same 

time, the use of biofuels, peat etc. produced 13 TWh (9%) of electricity, while wind power produced 

3.5 TWh (2%). Sweden was a net importer of electricity by a margin of 2 TWh. (IEA). Due to the 

abundance of hydropower and nuclear power, in Sweden, electricity is almost produced from free CO2 

sources and at relative low price compared to the rest of Europe, however, as it is shown in Figure 3.3 

prices are raised every year with an average value for 2011 of 54 öre/KWh (Nord Pool Spot). After 

earthquake and tsunami in Japan, the contemplation in decreasing nuclear power has grown so that, 

the price for electricity is estimated to increase by 50% from 2010 to 2020 (Bergek) 

 

 

Figure 3-3. Spot prices on Nord Pool. Monthly and annual average prices for the system and for Sweden. January 

1996-May2011, in öre/KWh 

 

 

 

 

http://en.wikipedia.org/wiki/TWh
http://en.wikipedia.org/wiki/Nuclear_power
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Peat
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3.3.2 Oil 

 Sweden is of the countries in the European Union that less fossil fuels consumes but still accounts 

around 30% of the total energy supplied. (Swedish Energy Agency) 

Figure 3.4 shows historically prices of oil´s type used in Ovako AB. The last few years have seen large 

price fluctuations on the oil market. In 2008, the price of oil reached a temporary peak of 

590Kr/MWh, but by the start of 2009, it had plummeted to 430 Kr/MWh. The price stabilized through 

a drop in production however, since last part of 2010, the prices had gone up again. In 2011, the price 

of oil climbed to over 620 Kr/MWh and still continues rising.  

 

 

                                            Figure 3-4 Äldningsolja prices for industry in Sweden (SPBI) 

 

This fluctuation on the price is because the supply of fossil fuels is threatened by events outside 

Sweden. The greatest threats to the supply of oil-based fuels are associated with geopolitical events 

and other international factors, which makes them difficult to influence from a local or regional level.  

3.3.3 Natural gas 

Natural gas in Sweden represents just 3% of the total supply, nevertheless is widely used in steel 

industry. Price of natural gas has been rising over the years with a very similar tendency as oil but with 

a higher inclination. In the case of natural gas, prices today are four times higher than by 2000 and are 

expected to increase by 50-60 % until 2020 compared with the prices in 2010. (Bergek) 

Natural gas is today mostly purchased from Denmark or Germany. In January 2011 gas production in 

Denmark was wavering what disrupted deliveries to Sweden, the fact that reminds that Swedish 

natural gas supply is related to events in these countries. (IEA) 

In the case of study of this thesis the gas used is LPG that is assumed to follow same tendency 

regarding to prices. 
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3.3.4 Coal 

In terms of pricing, coal is a relatively difficult product to manage because the quality of coal varies 

from coalfield to coalfield. In July 2008, the price of energy coal reached record levels. The coal price 

subsequently plummeted, but in 2010 has seen an upturn again.  

Sweden uses almost exclusively hard coal, which is traditionally divided into two different categories 

according to its area of use: metallurgical coal (coking coal), which is used in the iron and steel 

industry, and steam coal or energy coal, which is used for energy purposes in industry and the energy 

sector. 

3.3.5 Biomass 

The global potential of biomass for energy without degrading biodiversity, soils, and water resources, 

taking into account growing population and demand, is estimated to be between 25% and 33% of 

global energy supply by 2050 (Fritsche, Öko-Institut y Kampman)  

Despite the widely agreed potential of bioenergy utilization, key problems regarding the use of 

biomass remain the unsteady availability, related to biomass seasonality and geographical distribution 

over the territory that often make the logistics (collection, transport and storage operations) complex 

and expensive as well as the necessity of an energy production which should be not only 

environmental sustainable but also economic competitive.  

In the area of the case of study of this thesis, there are favourable conditions regarding biomass prices 

due to abundance and proximity of biomass sources as well as a well-developed forest industry.  

However, because the expectation on increased use of biomass in the near future, price is expected to 

increase by 30% from 2010 to 2020 (Bergek) 
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3.4 Biomass gasification 

Gasification is a thermo – chemical conversion of carbonaceous material into a gas called syngas with 

high percentage of carbon monoxide (CO) and hydrogen (H2) as main components.  It is a clean and 

highly efficient process that includes the ability to house many kinds of biomass as feedstock and 

convert it in a wide variety of applications as it is shown in the following Figure 3.5.   

 

Figure 3-5 Biomass gasification overview 

Wood is mostly considered as feedstock used but as well as low- or negative-value materials and 

wastes such as crop residues, peat, black liquor , rice husk or municipal sewage sludge have all been 

used successfully in gasification operations. 

 

The biomass gasification process occurs in four interrelated stages:  

- Drying of the feedstock 

- Pyrolysis to produce volatile matter and char 

-  Gasification of in situ formed char with reactive gases such as CO2, H2O, H2 and O2 

- Secondary reactions of primary gases and tars.   

 

The gasification process uses an agent, either air, oxygen, hydrogen or steam to convert carbonaceous 

materials into gaseous products. 

The simplest gasification process uses air as a gasifying agent. The product is a low-energy gas 

containing primarily hydrogen and carbon monoxide diluted with the nitrogen from the air. The 

heating value of the produced gas is in the 3.5 - 7.8 MJ/Nm
3
 range, which makes it suitable for boiler 

and engine applications but not for uses that require its transportation through pipelines. (Sadaka, 

2006; G. Schuster, 2011) 

Unlike air gasification, steam gasification requires an external heat source if steam is used as a sole 

gasifying agent. Using a mixture of steam and air as a gasifying agent is not uncommon technology 

and has, in fact, been studied by several researchers. Compared to air gasification, steam gasification 

produces a higher energy content producer gas. 
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In the case of oxygen, if the amount of nitrogen supplied to the gasification process is limited, the 

product gas will not contain nitrogen and thus, have medium energy (approximately 10-18 MJ/Nm
3
) 

(G. Schuster). Such a gas can be economically distributed in pipeline network systems and therefore, 

be conveniently used for process heat or possibly as synthesis gas to produce chemical and fuels. 

The basic reactor characteristics of the main technologies used are presented in Figure 3.6 

 

 

Figure 3-6 Characterization of gasification technologies 

 

3.4.1 State of art 

Use of biomass is considered very promising. The promise includes a widely available, renewable and 

CO2-neutral resource, suited for modern applications for power generation, fuels and chemicals. 

Biomass has a distinct advantage over the use of other renewables, like solar cells and wind power, 

which are restricted because of the intermittent power generation. Biomass is by far the most applied 

renewable at this moment and a further increase is believed to be possible (Faaij). 

 

Having an overview of biomass gasification over the world through years, two relevant main periods 

can be identified in the development of the technology. First one between 1981 and 1988 due to the oil 

crisis and a second period of activity takes off in the late 1990 been climate change the major driver 

with a clear peak of development in 2008. Canada, Finland, Sweden and the USA have been initially 

involved in the development of biomass gasification. Each of them has large woody biomass and/or 

peat resources. The 1990s brought increased awareness of climate change, European countries became 

increasingly involved. Germany and Austria have joint Sweden and Finland as leading countries, 

Fixed bed 
technology 

In fixed bed of feedstock is being gasified using a gasification medium, 
generally air at low velocity. Main subtypes are downdraft and updraft 
gasifiers, which are mainly applied at smaller scales. 

Fluid bed 
technology 

 

 

 

A small fraction of feedstock is added to a much larger fraction of bed 
material, which is fluidized by a gasification medium (air, oxygen, steam) 
that flows through the bed at a high enough speed. Fluidized bed reactors 
can be classified by configuration and the velocity of the gasifying agent, 
e.g., bubbling, circulating, spouted, and swirling fluidized bed . There are 
mainly applied for biomass at medium scales.                        

Entrained flow 
gasification 

Small droplets or particles of feedstock are ‘entrained’ in a flow of 
gasifying medium – in general oxygen or steam. Also referred to as 
suspension flow or dust cloud gasifiers. It has been mainly applied at 
larger scales for coal and petroleum based feedstock 
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while many others became involved in development and implementation, including Netherlands, Italy, 

UK, Switzerland and Denmark; especially in countries with strong support for renewables and with 

availability of biomass (Kirkels y Verbong) 

 

All applications (co-firing, CHP, Fuels, heat) of biomass gasification show an increase over time but 

this increase is most significant for CHP, which has become the main application. After 2003, EC 

Directive biofuels, the current focus is on synthetic fuels from biomass gasification (Hellsmark y 

Jacobsson) 

Technological hurdles for biomass gasification mainly include scaling up, tar reduction and gas 

cleaning (HighBio) Technology is ready in the market for applications in which the gas is fed into and 

directly burned in a boiler to produce steam for heat and power but when gas condition is necessary, 

technology is currently in the development and demonstration stage (Peterson y Haase). Although 

technological troubles, technologies have been tested successfully but despite the encouraging results, 

the main issue that none of the projects have passed the demonstration phase is due to investment 

costs. 

However, several projects in Europe testing different technologies of biomass gasification are 

currently in development. In practice, all major Finnish forest companies, such as UPM Kymmene Oy, 

Stora Enso Oy, and Metsäliitto have their own bio refinery project in the commercialisation phase. 

(HighBio) In Sweden, major projects in the production of fuels are the alliances 

Chemrec/Volvo/Haldor Topsoe, Göteborg energy/Metso/Repotec/Chalmers and Värnamo as well as 

many other research centres where a number of academic stakeholders cooperate with the industry 

exist. Furthermore Finland and Sweden, important projects planning to run the pre commercial 

demonstration and research is carried out in Germany, Austria and the Netherlands (Hellsmark y 

Jacobsson). 

  

3.4.2 Future perspectives 

Decisions to move forward with gasification projects depend highly on costs and prices of energy. Due 

to gasification applications are most directly in competition with natural gas based technologies, its 

competitiveness depends on the uncertainty of gas prices. (Kirkels y Verbong) 

 

The obstacle for advanced applications is that require significant up scaling: for IGCC a typical 

commercial scale is considered of 30–200 MWe; 50–200 MWth for the chemical sector and several 

1000 MWth for transportation fuels. The required scales are the effect of market size and economies of 

scale (costs minimisation). Another problem of modern applications is the high initial investment 

costs, especially of the first plants, in combination with the risks involved the fact that makes 

necessary the support of the government for these first stages. However, the liberalization of the 
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energy markets has resulted in decreased direct support from national governments for technology 

development and of reducing investments of the energy sector in risky technology with long term 

benefits. This has stalled the application of the promising application and a similar effect can be 

expected in fuel applications, since these require even larger investments and are considered more 

risky. (Kirkels y Verbong).  

 

Despite receiving much attention in recent years in research and demonstration, biomass gasification 

markets are still very immature and highly dependent on niche applications (Kirkels and Verbong, 

2011).
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3.5 Värmevärden AB 

Värmevärden AB is a district heating company. Their main operations are heat production and 

distribution over eleven municipalities in Sweden. Company sells heating primary to residential and 

commercial buildings in urban and industrial areas. To some extent, Värmevärden has also 

cogeneration plants in combination with a steam production for industry. It is characterized largely by 

close collaboration with heavy industries. To exploit residual heat is one of the most interesting areas 

of company´s development. They see the rest energy more as a fuel that can replace other production 

of district heating with expensive fuels. 

 

As it is shown in Figure 3.7, 

Värmevärden AB operates in 

the Avesta, Grums, 

Hudiksvall, Kopparberg, 

Kristinehamn and Torsby. The 

company also has four 

subsidiaries operating in 

Hofors, Hällefors, Nynäshamn 

and Saffle. 

As it is seen, the main activity 

is district heating but in almost 

all locations there is industry´s 

collaboration. Just in three 

locations cogeneration is 

carried out. 

The case study is Hofors 

Energy AB, a company owned 

by Värmevärden AB to 60% and 

Hofors municipality to 40%. Hofors Energy provides Ovako Steel with process steam and produces 

and distributes heat to the central Hofors, Ovako and Böle industrial area.  Total annual production for 

2011 was 136 GWh. 

 

 

Figure 3-7 Värmevarden operations in each location 
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3.5.1 Demand 

Heat and steam demand rest on the time of the year and on Ovako´s load production. In general 

numbers, two thirds of the production goes to Ovako; one third in terms of steam and one third in 

terms of district heating. The remaining third is for the municipality district heating. 

Depending on the weather, demand changes also due to the target temperature in the district heating 

network. Normal values for water temperature are between 70-120ºC depending proportionally on the 

outside temperature. In Figure 3.8 annual demand distribution is presented 

 

 

Figure 3-8 Monthly energy demand in MWh at HEAB AB 

 

As expected, on winter there is the highest demand due to low outdoor temperatures. Demand 

decreases proportionally until a minimum value in July. Besides a small demand from district heating 

during July, Ovako steel is closed in this month with a high impact as they are the major consumer of 

HEAB AB. 

 

 

3.5.2 Energy sources 

Heat and steam production consists primarily of bio-fuels and waste heat from Ovako processes. Other 

sources are Oil and Electricity. 

As it is shown in Figure 3.9 more than 90% of the energy use comes from a renewable source. 
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Figure 3-9 Energy distribution in HEAB AB 2011(MWh/year) 

 

The main energy source is woodchips from the nearby forest delivered by a range of suppliers.  HEAB 

has a big storage outside Hofors with a capacity of 30GWh or 12.000 in terms of tons with the 

characteristics of the purchased woodchips. (2MWh/m
3
 and density of 800 Kg/m

3
). The woodchips are 

kept there in order to decrease the humidity before they are introduced into the process. After the 

storage, biomass is transported by truck to the plant where there is a small storage of 1GWh capacity 

and then emptied into the fuel hopper. When biomass is introduced in the process has an average 

humidity of 53%. 

 

The oil is Eo3. It is purchased and distributed into the pipeline from Ovako storage tanks. Electricity is 

purchased from the grid following the spot market price. Waste heat is recovered from Ovako and it 

will be explained in detail in section 3.5.3. 

 

HEAB´s annual energy use reached in 2011 was 136 GWh. Demand is normally covered by waste 

heat and biomass boiler. When demand is higher, oil or electrical boilers are used depending on the 

price of the fuel on that moment. In figures 3.10 and 3.11 the use of different energy sources to cover 

the monthly power demand are exposed. The coldest months of the year are presented to show how the 

use of energy is when other source of energy beside biomass is required. 
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Figure 3-10 Daily power demand from different energy sources in January 2011 at HEAB (MW) 

 

 

Figure 3-11 Daily power demand from different energy sources in February 2011 at HEAB (MW) 

 

In the previous figures, Bas and RGK power can be assumed as power from biomass due to RGK 

comes from the flue gas condensation of the biomass. As it is seen, use of electricity or oil differs a lot 

comparing January to February having a similar power demand. This is just due to variation on prices. 
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Waste heat is almost constant although some day’s contribution is null due to the stops on production 

in Ovako. 

 

3.5.3 Production process 

Production of heat, steam and electricity in the plant is carried out by an oil boiler of 19MW, a 

biomass boiler of about 15MW with 2MW from flue gas condenser, an economizer of 0.3 MW and a 

steam turbine of 1.6MW of electricity. In a separated building, there is an electric boiler of 20 MW.  

Several accumulators are installed in order to be able to supply the demand of heat and steam.  A 150 

m
3
 steam accumulator is placed in order to supply the peak steam demand from Ovako´s production 

cycles. There is also an accumulator for heating of 8500 m
3
 which allows heat to be stored and used 

when needed. 

 

The flue gas condensation condenses water vapour in the flue gases from biomass boiler. Biomass 

fired in the boiler has a moisture content approximately of 50 % consuming a lot of energy just to 

vaporize water content of the fuel. Nevertheless with this system it is possible to recover around 10% 

of the energy input of the biomass.  After having recovered the heat, condensates are treated and 

sprayed with circulating water. 

 

Waste heat is recovered from Ovako Steelworks by cooling the exhaust gas of the arc furnace and 

compressed air from the compressors.  Heat recover from air compressors is done by a heat exchanger 

system. The heat flow exchanged can be considered as constant and it is used to preheat the return 

district heating flow. 
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Heat recovered by cooling the exhausted gas is carried out also by a heat exchangers system. 

Exhausted gas at 1200ºC comes out of the furnace where heat is exchanged to the circuit it is shown in 

Figure 3.12   
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Figure 3-12 Scheme of heat recovery at arc furnace 

 

With exchanger E-3 preheated water, from previous explained system, is heated up until the target 

temperature of the district heating pipeline. If the circuit water has a temperature above 75ºC it is 

cooled down with sea water with E-2 in order to do the heat exchange between the exhaust gases and 

fluid circuit at designed point. 

There is an accumulator of 180 m
3
 capacity in order to recover all heat from this process due to the 

variation in flow of exhaust gases. Exhaust gases are produced in cycles of twenty minutes with peaks 

of 25MW and then production is interrupted. The average power achieved is 4.5 MW. 

In Figure 3.13 it is presented in a simplified flow diagram of the whole process.  
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Figure 3-13 Simplified scheme of production system at HEAB 

 

As it is seen in Figure 3.13 there are two pipelines circuits, one for steam (grey) and the other one for 

the district heating pipeline (blue). Steam is produced in the biomass and oil boiler. The steam is 

mixed in the same pipe where a part goes directly to Ovako process and the rest pass through the 

steam turbine decreasing its pressure and generating electricity. Electric boiler also produces steam but 

in this case it goes directly to Ovako process or steam circuit 

Thus, steam at 25 bars and 10 bars are produced. All steam is sent to different areas of the steel factory 

but is also needed to heat up district heating water when target temperature is elevated due to low 

outdoor temperatures. This is carried out as it is seen in the previous figure in device EX-1 

District heating water is heated with waste heat, condensers from the steam turbine and if it is 

necessary as explained before with exchanger EX-1 

 

3.5.4 Emissions 

Air emissions occur in the form of gases during the combustion of biofuels and oil. Basically it 

consists on atmospheric emissions of carbon dioxide, carbon monoxide, nitrogen oxides, particulates 

and sulphur dioxide. 
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Declarable CO2 emissions of 2011 amounted to 774 tons, all from the use of oil. 353 tons of CO2 were 

released too from the use of biomass but bioenergy is carbon- and climate- neutral and its climate 

impact has not therefore been considered. 

NOx emissions in 2011 from the biomass boiler accounted 20.071 Kg and the total amount of SO2 

particles emitted from the oil boiler were 962 Kg. 

 

3.6 OVAKO 

Ovako is a leading European producer of 

engineering steel for customers in the bearing, 

transportation and engineering industries. Ovako´s 

production covers low-alloy steels and carbon 

steels in the form of bars, tubes, rings and pre-

components.  

The longevity of Ovako’s experience working in 

some of the most demanding steel segments has 

generated unique expertise and thus competitive 

advantage in the sale of engineering steels with 

advanced properties. 

 

As it is seen in Figure 3.14 Ovako has 11 production locations in Europe and 7 sales offices in Europe 

and USA with headquarter located in Stockholm, Sweden. 

 

The company applies Quality Management Systems to all company processes. Therefore the system is 

certified according to ISO 9001. Also, different sites are certified according to ISO 14001, which gives 

structure to the environmental work and to the continuous improvements.  

The company has signed the worldsteel's Sustainable Development Charter, which means that they 

support the sustainable development policy established in 2002 by World Steel Association.  

As a heavy industry, after the 90´s with the new legislation concerning energy use and environmental 

impact as well as the high and rising price of fossil fuels, the company has executed research and 

investments minimising the energy use and the impact on the environment to obey the strict demands 

settled by legislation and also reducing taxes cost. 

For instance, closed water systems, water cleaning, effective use of energy, off-gas dedusting, heat 

recovery and fuel conversion. 

 

Figure 3-14 Ovako operations over the world 



 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

26 

The case of study is the Ovako Group’s business area in Hofors, located around 220 km north-west of 

Stockholm. Ovako’s operations today in Hofors employ around 1,200 people in the production of 

steel, billets, heavy bars, tube, tube components and rings. The steelmaking operation, based on ingot 

casting, has an annual capacity of approximately 500,000 tons of ingots. The tube rolling capacity is 

approximately 120,000 tons annually and the ring rolling capacity approximately 45,000 tons a year. 

Hofors is also home to a shared service centre supporting Ovako’s Swedish units in finances, IT and 

purchasing. The Hofors unit furthermore has joint resources for material development, quality 

assessment and the environment. 

 

3.6.1 Production process 

Hofors plant is a secondary steelmaking. In Figure 3.15 it is presented the production scheme.  
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Figure 3-15 Simplified scheme of Ovako steel production process 

 

Recycled steel is charged into an electric arc furnace (EAF) and melted. The liquid iron is then 

transported to a ladle furnace to adjust the alloys and after that casted in ingots. Ingots are placed in 

the first group of furnaces (Reheating step in Figure 3.15) to set them to an adequate temperature and 

characteristic before the hot rolling where blooms are formed from ingots. Solidified blooms are hot 

charged into the reheating furnaces before primary rolling. The reheating is an annealing process. 

After the annealing, steel is manufactured until final products in the tube and ring mill. 
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3.6.2 Fuels used  

Besides electricity, propane and oil are used as fuels in the furnaces. The arc furnace is run by 

electricity as well as some furnaces in the rolling mill. However, since the objective of this thesis is the 

replacement of fossil fuels, furnaces run by propane and oil have only been considered. 

 

Gas that Ovako burns currently is propane 95 (95% propane, 1% butane, 1% ethane) with a heating 

value of 12.86 MWh/ton. Propane is stored in liquid state at 6 bars of pressure in four tanks of 380 

tons each so the total capacity in terms of energy is almost 20GWh. The gas is purchased and the 

supplier delivers it regularly by train.  

Distribution of propane is done by pipeline from the storage to an intermediate stage where propane is 

evaporated by heating it up until 60ºC with an electrical evaporator and distributed at 1 bar to the 

furnace burners. 

LPG price for calculation has been set to 7000 SEK/ton which corresponds to an industrial use scale 

delivered by train as in this case. 

 

 Eldningsolja 3 LS Ultra is the type of oil used in the reheating furnaces after the ingot casting. Its 

heating value is 11.83 MWh/ton. The oil is stored in big tanks and distributed to the burners by pipes. 

All calculations in this thesis were done with an oil price of 685SEK/MWh according to current prices 

for Eldningsolja 3 LS Ultra from the Svenska Petroleum& Biodrivmedel Institutet 

 

Use of oil and gas follows the production demand and therefore reminds almost constant. 

 

3.6.3 Energy distribution 

A total amount of 124 GWh was used last year in the plant in terms of propane and oil for the 

furnaces.  As it is shown in Figure 3.16, around 60% of the total energy use in the heating and heat-

treatment furnaces is from propane. The remaining 40% is in forms of oil.  

 

However, regarding costs, in Figure 3.17 it is seen that the percentage of allocation cost is a bit higher 

for the oil. This fact is due to energy cost in terms of SEK/MWh that is higher for the oil than for the 

propane.  
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             Figure 3-16 Fuel allocation of annual energy use in heating and heat-treatment furnaces of Ovako 2011 

 

 

                Figure 3-17 Cost allocation of annual energy use in heating and heat-treatment furnaces of Ovako 2011 

 

Looking into the impact of the taxes on the final cost allocation there is no variation with the 

allocation cost without taxes as the taxes for oil and propane are similar (38.3 öre/KWh and 32.8 

öre/KWh respectively)        

3.6.4 Description of the furnaces 

Regarding heating and heat-treatment furnaces, along different stages of the production a total power 

of 72MW in a total of 34 furnaces is installed.  

Ten of the furnaces of the reheating showed in Figure 3.15 are run by oil and the rest of the group by 

propane. Characteristics are similar. The group accounts with a total installed power of 27.5MW. Each 

furnace is divided into 4 cells where each cell has its own burner. Ingots are placed into the cell to 

carry on the reheating process. Reheating process consist of heat up the ingots to 1200ºC and after 

reaching this temperature maintain it during a period of time between 3 and 20 hours depending on the 

38% 
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composition of the steel. Therefore the furnace is running at maximum power until desired 

temperature is reached. This step takes proximately two hours due to conductivity limitations of the 

material as the whole ingot has to be 1200ºC. After this, power decreases considerably because the 

purpose is just to maintain the temperature in the furnace during the certain period of time. 

This group is working constantly. Even when production is stopped (two days every 12days) furnaces 

are not turned off. Furnace temperature only is reduced as they have an inert atmosphere that is very 

difficult to set. 

 

The rest of the furnaces are run by propane and the use totally follows the production. 

During the maintenance period (July) the plant stops completely and during this time every furnace in 

the plant is stopped. 

As all furnaces are divided in separate cells, some of them use different fuels from zone to zone. Either 

combination of propane with oil or propane with electricity. 

Burners installed are controlled with PI control to accomplish with temperature targets. Power of the 

burners is shown in appendix A. It varies from 20-25 to 1000 KW depending on the furnace. Oxygen 

and air are used as oxidants; temperature of the flame differs depending on the fuel and the oxidant 

agent. 

For further information in appendix A is shown a list of the furnaces in the different areas of the plant. 

Installed power and annual energy use is presented among others. 

 

3.6.5 Emissions  

Emissions to the atmosphere in the plant are due to the refinery and the combustion of oil and propane 

in the heating and heat-treatment furnaces.  

NOx emissions in the operation of heating and heat treatment furnaces had in 2011 an average of 120 

mg / MJ.  In all furnaces the amount is below target value. 

During 2011 a total of 93.375 tons of CO2 were emitted to the atmosphere. 40.632 tons were from the 

refinery and 52.743 tons from the combustion of propane and oil. 

Since the allocation of CO2 allowances for 2008-2012 the company was over allocated during the 

recession, mainly in 2009. Although not need all allowances, instead sell them, company has kept 

them since they can be used for the period 2013-2020. As explained before in section 3.2.2.3 a 

reduction of allowances is expected for that period. 
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3.7 WOODROLL TECHNOLOGY 

WoodRoll is a new patented process that consists of a three stage biomass gasification technology. 

Drying, pyrolysis and gasification with indirect heating technology, produces a cleaner Syngas than 

conventional gasification methods. 

3.7.1 Raw materials 

 

WoodRoll has wide fuel flexibility. Over 100 different types of feedstock have been tested and 

analysed by Cortus providing them an extensive knowledge of characteristics and reactivity of 

different fuels. Thermogravimetric test and analysis are done for this propose.  

Thermo gravimetric analysis or TGA is a type of testing that is performed on samples to determine 

changes in weight in relation to change in temperature. 

From the results it is confirmed that WoodRoll is able to accept a wide range of biomass from wood, 

coconut shell, bark, microalgae to sludge without changing substantially the Syngas properties.  The 

requirement that is needed is constant or small variations in the composition of the feedstock since the 

technology and operation parameters are designed according to the characteristics of the biomass. 

An important parameter to emphasize is the humidity of the fuel. Humidity is a parameter that affects 

directly to the energy yield in the syngas. Without an external energy source for pre-drying the fuel, 

energy yield varies from 85% when the humidity content is 5% to 65% when humidity is 55%. Fuels 

with a higher humidity content than 55% would need a pre-drying step energy yield drops to 25% 

when the humidity content of the fuel is 75% which makes the process inefficient. Values of energy 

yield can differ up and down a 5% depending on the LHV of the fuel.  

3.7.2 Process 

The WoodRoll process is divided in three steps - drying, pyrolysis and gasification. The principal 

behind is to separate the solid material flow from the gaseous and to heat the process indirectly. The 

separation of solid and gases enables the process to become cleaner and more efficient than state-of-

the-art. In Figure 3.18, a scheme of the process is presented. 
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Figure 3-18 WoodRoll concept 

 

3.7.2.1 Dryer 

Biomass is poured into one or more reception pockets. From there, the flow is measured by running 

the screw feeder at a known frequency.  

Inside the drying reactor the moisture content of the fuel is decreased as the biomass is heated from 

20°C-40ºC to about 105°C. Drying is indirect heated with flue gas from combustion of pyrolysis gas, 

in dryer’s hot gas aggregate and gasifier burners. As explained before, decreasing of the energy yield 

with moisture content of the fuel is due to a higher demand of pyrolysis gas for the drying. To achieve 

this pyrolysis gas demand, longer residence time and high temperature is required during pyrolysis. 

The high demand of pyrolysis gas for drying stage, the more pyrolysis gas has to be generated. This 

fact is leading to less content of carbon inside the char decreasing the efficiency of the process due to 

the balance between pyrolysis gas produced and carbon content inside the char.  

 

A constant current counter of preheated air is in contact with the biomass in order to remove the 

humidity. The condensate formed, if required, is treated before being connected to the municipal 

sewage system. During condensation a heat surplus will be formed. 

 

3.7.2.2 Pyrolysis 

Pyrolysis is the first step in all thermochemical biomass conversions. During pyrolysis, biomass is 

decomposed mainly into three components. Char, tar and pyrolysis gas. Dryed biomass is placed into 

the pyrolysis reactor at 105ºC of temperature. The reactor is indirect heated with flue gas from 

gasification up to 400-500 ºC. Temperature depends on the reactivity of the biomass and it will be set 

according to TGA results, among other. 
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Pyrolysis is carried out with an absence of oxidants such as air or oxygen. To achieve this atmosphere, 

nitrogen is blown into the reactor during the start up. Nitrogen atmosphere is set in order to avoid any 

possibility of char ignition. 

The aim in this stage is to maximize char yield producing the highest volume of syngas possible 

during gasification. Generation of pyrolysis gas is controlling parameter for the whole process 

considering that it is used as a fuel to heat up the dryer and gasifier. Heat is also recovered from flue 

gases of the burners in the gasifier. 

 

 

Element Mass (%) 

C 65-80 

O 2-20 

H 2-7 

Others (Si, N, Ca, Mn, Al, Fe, S, K, Zn, Cr, P, 

Mg, Ti) 
<5% 

 

 

It is important to comment that composition of the char varies depending on biomass composition. 

Content of carbon, oxygen or hydrogen varies as it is shown in Table 3.2 but the presence of metals, 

fertilizes, and other components, changes completely from fuel to fuel. 

3.7.3 Gasification process 

Char is milled to 0.1mm before entering the gasification reactor.  

Radiation tube burners which are fired with pyrolysis gas are heating the gasification reactor. Syngas 

is produced from steam and char in the high temperature gasifier. General gasification temperature is 

1100ºC. 

The Syngas is cooled in a heat exchanger. In Figure 3.19 a scheme of the cooling process is shown.  

 

Hot Syngas

Steam for process

Cold Syngas

Process water
 

Figure 3-19 Syngas cooling 

Table 3-2 Composition of char after pyrolysis in WoodRoll technology 
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From cooling process steam for gasification is produced from water.  There is a steam surplus in this 

step. After cooling, Syngas is conditioned and compressed to customer demand. If the gas is directly 

burned as the purpose of this thesis, just a cyclone is needed in order to remove the ash content of the 

gas.  

3.7.4 Syngas characteristics 

Produced Syngas has high purity as it is an indirectly heated process. The char and steam are thus not 

mixed with the exhaust from combustion or nitrogen from the air or polluting elements.  One of the 

most important characteristics is that the gas produced is a clean synthesis gas which is free from 

condensable tar residues and nitrogen aggregates compared to existing conventional gasifier reactors. 

Standard syngas produced has a calorific value between 9 and 11 MJ/Nm
3
 depending on the biomass 

processed. In Table 3.3 composition of the gas is presented.  

 

  Table 3-3 Composition of Syngas from WoodRool technology 

Component Volume (%) 

H2 55-58 

CO 25-31 

CO2 12-16 

CH4 0-2 

 

3.7.5 Use of energy 

WoodRoll is a continuous process where all flows are designed and optimized to achieve a high 

efficiency. Besides the starting up of the process, external energy is just needed due to mechanical 

purposes. 

A synthesis gas free of hydrocarbons from biomass gasification eliminates further downstream 

filtering or purification processes to remove unwanted substances within the gas stream what 

decreases considerably the cost of equipment and the use of energy in the gas conditioning. 
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4 FUTURE SCENARIO 

4.1 Description 

After studying the situation and requirements of HEAB and Ovako AB as well as WoodRoll 

technology, a future scenario was created to achieve the maximum efficiency of the synergy between 

the companies and WoodRoll.  In Figure 4.1 future scenario is presented with main raw materials and 

products of each process. 

Waste heat

HEAB

Biomass Oil Electricity

OilElectricityPropane Scrap

P-40

District heating

Steam

Syngas

St
ea

m

Waste heat

Billets - heavy bars -  tube - tube components - rings

W
as

te
 h

ea
t

 

Figure 4-1Future scenario between HEAB-Ovako with WoodRoll technology 

 

As Ovako´s energy supplier, HEAB would own and run the gasification plant providing Ovako with 

Syngas.  It has been considered three different scenarios varying the capacity of WoodRoll.  

The three scenarios considered are 5MW, 10MW and 15MW that would replace approximately 30%, 

60% and almost100% of the fossil fuels consumption at the reheating and heat treatment furnaces at 

Ovako. 
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Location of the gasification plant would be in the same area that HEAB and Ovako are.  There is 

enough area to place the plant as Ovako´s area is very big and part of the land is not used. 

Table 4.1 shown specific dimensions of each scenario´s layout. 

 

Table 4-1 WoodRoll plant dimensions 

 5MW 10MW 15MW 

Dimensions (m×m) 32×24 48×36 60×40 

 

From HEAB side, specifications are the following: 

- Plant will operate as today, supplying with steam and district heating to Ovako and producing 

district heating for the municipality. 

- Waste heat from Ovako will be recovered as before. 

- A steam and waste heat current, from WoodRoll process, will be sent to HEAB in order to 

cover part of the plant demand. Thus, oil and electricity used before for production are 

reduced to almost zero. A small amount of biomass is also replaced. In Table 4.2 fuel 

replacement is shown as well as the average cost of the replaced fuel. The criteria for 

substitution are explained extensively in appendix B  

 

Table 4 2Fuel replacement at HEAB depending on WoodRoll 

HEAB 5MW 10MW 15MW 

Energy replaced per 

year (MWh) 
3400 6888 10464 

Fuel replaced 

20%Biomass & 

40%oil & 

40%Electricity 

30%Biomass & 35%oil 

& 35%Electricity 

50%Biomass & 25%oil 

& 25%EIectricity 

 

Gasification process will be run with same type of biomass that HEAB uses today. Syngas produced 

will be sold to Ovako in order to replace the consumption of fossil fuels in the reheating and heat 

treatment furnaces. Operation time of the gasifier is set at 8000 hours per year due to a maintenance 

period during July. Maintenance is made during the same period that the steel plant is closed so 

Syngas supply is not needed. 

 

A waste heat current for Ovako will be recovered and sent to WoodRoll in order to pre-dry the 

biomass. Design of WoodRoll has been made considering the feedstock recycled wood with 25% 

moisture content and 0.7% ash.  Although wood chips used today in HEAB has 53% humidity, it has 

been set that biomass comes to the process with 25% of humidity because is pre-dried with the waste 
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heat current from Ovako. This assumption was taken in order to maintain high thermal yield in the 

gasification process. The thermal yield for these feedstock characteristics is 80%.  

 

At Ovako, oil and propane is replaced by Syngas. Depending on WoodRoll capacity different fuels are 

substituted at the steel plant. The criteria for substitution have been cost of the fuel. In following Table 

4.3 fuel replacement for the different scenarios is presented. 

 

Table 4-2 Fuel replacement at OVAKO depending on WoodRoll capacity 

OVAKO 5MW 10MW 15MW 

Energy replaced per 

year (GWh) 
40 80 120 

Fuel replaced Oil 60%oil – 40% propane 40%oil - 60%propane 

 

4.2 Mass and energy balance  

In this section mass and energy balance for the whole system is presented in Figure 4.2. In Table 4.4 

characteristics of each current are presented in forms of mass and energy for the different scenarios. 

Calculations are presented in appendix C  
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Figure 4-2  Simplified scenario´s flow diagram 
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Table 4-3 Characterized currents of Figure 4.2 

 

 

All streams are annual; either mass or energy.  Beside the three scenarios, today´s situation is also 

presented. Stream number 1 it is the sum of streams 2 and 3 therefore it is the total demand of biomass 

to the system. Streams 2, 4 and 5 are fuels used in HEAB. There is a variation between the three 

scenarios due to the fuel consumption replacement by the steam surplus and waste heat from 

WoodRoll process. 

It has been considered that steam (stream 9) and district heating (stream 12) for Ovako as well as 

district heating for the municipality (stream 8) are each of them one third of HEAB´s production. 

Those are approximate values.  

Mass flow of district heating and waste heat has not been determined due to temperature variations 

over the year. 

4.3 Technical viability 

In this section technical integration of WoodRoll with HEAB as well as replacing fuels at Ovako is 

presented in detail. 

4.3.1 Supply system 

Biomass supply will be carried out as today. Biomass needed will be, in the most extreme case 

(15MW scenario) three times higher than today. There is no problem with supply  of it as Hofors is an 

area with abundant biomass sources , well developed forest industry and  many suppliers available.  

Personal from HEAB also confirms that there is no limitation of biomass supply.  

Stream         Description TODAY 5MW 10MW 15MW TODAY 5MW 10MW 15MW

1 Biomass (tons) 39.211 60.219 80.936 100.531 98.027 150.547 202.341 251.329

2 Biomass (tons) 39.211 38.939 38.384 36.699 98.027 97.347 95.961 91.749

3 Biomass (tons) 0 21.280 42.552 63.832 0 53.200 106.380 159.580

4 Oil (tons) 238 123 34 17 2.817 1.457 406 201

5 Electricity - - - - 5.049 3.689 2.638 2.433

6 Steam (tons) 0 1.347 6.015 4.401 0 1.048 4.680 3.424

7 Waste heat 0 - - - 0 2.352 4.680 7.040

8 District heating - - - - 44.826 44.826 44.826 44.826

9 Steam (tons) 57.617 57.617 57.617 57.617 44.826 44.826 44.826 44.826

10 Waste heat 0 - - - 0 - - -

11 Syngas (KNm
3) 0 14.400 28.800 43.200 0 40.000 80.000 120.000

12 District heating - - - - 44.826 44.826 44.826 44.826

13 Propane(tons) 5.995 5.995 3.507 397 77.100 77.100 45.100 5.100

14 Oil (tons) 3.981 0 0 0 47.100 0 0 0

15 Waste heat - - - - 28.585 28.585 28.585 28.585

Energy (MWh)Mass 
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The two HEAB ´s storages used today have enough capacity to house the changes in demand.  The 

biggest storage outside Hofors of 30GWh has today a capacity to store the biomass demand of three 

months operation. In the case of 15MW scenario, the capacity would be reduced to store the demand 

of just one month.  

The storage of 1GWh on the plant has enough capacity too. In the most extreme case, capacity is 

reduced to cover one day and a half of consumption in contrast to almost 4 days that it currently has. 

However, in this scenario, increaseing it would be interesting to consider in order to be sure that 

feeding is not interrupted.  

Flows of biomass demand for the different scenarios are shown in the specifications of current 1 in 

Table 4.4 shown in previous page. 

 

Gasification plant has not been sized to meet demand when furnaces are working at full power. As 

discussed in section 3.6.4, furnaces operate at maximum power for a short period of time and after, 

power is reduced considerably. So, installed power at furnaces is very high but just used for short 

periods of time. 

The operating time is probably the factor affecting the profit most. The plant should compensate for 

the cost when it is not in production. Therefore, size a gasification plant to cover maximum power 

would be unfeasibly economically as it would be stopped  a lot of the time when furnaces are running 

at low power. 

For peaks of demand current fuel would be used.. 

Syngas would be consumed directly from production with small intermediate backup to manage small 

fluctuations of syngas consumption. It is not possible to storage it at high pressure due to strong 

regulations that increases dramatically the costs. 

An investment to distribute syngas has to be done as well as to install syngas burners in the furnaces.   

 

Oil, propane and electricity would be supplied as before. 

 

During start-up of the gasification process, propane is used. Demand of propane is (600 -1150 and 

1700KW for the capacities 5 – 10 – 15 MW respectively). The starting up varies from 24-48 hours. In 

normal conditions, it is necessary just once per year as the plant operates with continuous regime and 

stops during July as a maintenance period.  The propane used for the start-up is assumed  is purchased 

from Ovako storages.  

 

As explained in section 3.7.2 the WoodRoll process, there is a demand of nitrogen to achieve an inert 

atmosphere that also is supposed to be purchased from Ovako. 
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4.3.2 Synergy between processes 

As explained before, waste heat from Ovako is needed to pre-dry the biomass and thus, maintain high 

efficiency of the gasification process. After a visit to the steel production process, it is assumed that an 

air flow of 100ºC is easily to recover from the process as it has a lot of waste heat. 

 

Surplus of steam is sent from WoodRoll process to HEAB. A steam with same characteristics as 

produced at the district heating plant (saturated steam at 25 bar) is possible to send and therefore very 

valuable and feasible to connect the flows. Another current of waste heat from WoodRoll process of 

about 110ºC can be exploited for district heating.  

 

4.4 Economic viability 

A real situation has set to do the economic study of this thesis. HEAB, as Ovako´s energy supplier, 

will own WoodRoll and assume all necessary investments to run the gasification plant and to do the 

fuel conversion at Ovako process.  In the other hand Syngas will be sold at an agreed price to Ovako. 

 

Main factors involved in the economic viability are investment, operational costs, fuel prices and 

energy and environmental policies. 

4.4.1 Investment 

Investment for the project includes the gasification plant cost and the investment cost to carry out the 

fuels conversion at Ovako. Investment for gasification plant was provided by Cortus and fuel 

conversion investment at Ovako is based on data from a previous fuel conversion study done by the 

company with the intention to convert the fuels used in 2007 to Natural gas. Up scaling conversion as 

well as prices update are explained in appendix D.  

Data of investment cost for the gasification plant provided by Cortus includes: 

- Engineering 

- Foundation 

- Equipment and auxiliaries needed for the complete process operation. 

- Piping 

- Insulation and control of all devices 

- Connections of N2, Propane, water 

- Instrumental air  
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4.4.2 Operational cost 

Operational variable expenses of the gasification process are taking in to account: 

- Cost of the biomass 

- Operators 

- Maintenance 

- Electricity consumption 

- Waste management 

- Others 

Fixed operational expenses are land –lease and permits 

Operational expenses due to biomass were calculated from the specified demand in Table C.1 and 

biomass price shown in Table B.2 presented in appendix C and B respectively. Remaining data of 

operational cost was provided by Cortus. 

4.4.3 Incomes 

Incomes for the plant are revenues from syngas and heat surplus. It has been assumed a hypothetical 

Syngas supply contract with Ovako. The contract consists of supplying syngas with a price 5% lower 

than the fuel replaced. In this manner, Syngas sales have a different price per MWh in each scenario 

because replaced fuels vary with the different capacities of WoodRoll. Fuels replacement at Ovako is 

shown in Appendix B. Based on that data and applying the 5% discount, in Table 4.5 Syngas price is 

presented for the different scenarios.  

 

Table 4-4 Syngas price vs WoodRoll capacity 

OVAKO 5 MW 10 MW 15MW 

GWh replaced/year 40 80 120 

Fuel replaced Oil 
60%Oil & 

40%Propane 

40%Oil & 

60%Propane 

Price fuel replaced 

(öre/kWh) 
69 63 60 

Price Syngas (öre/kWh) 66 60 57 

 

Heat surplus incomes are from the replacement of fuels at HEAB. Revenue comes from the decrease 

of fuel consumption in the district heating plant. An average of replaced fuel price was shown in Table 

B.3 in appendix B.  

Another factor directly related with fuel replacement is tax exemption. As explained before in section 

3.2.2.1, CHP plants have a 70% tax exemption therefore they just have to pay 30% of the tax. In 

Ovako´s case, taxes weren´t taking in account due to as an intensive industry is exempted from tax. 
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In Table 4.6 total savings from the reduction of fuels consumption at HEAB are presented. Although 

biomass is not subjected to taxes, values are presented in öre/ KWh of “mix” of fuel replaced. Taxes of 

each fuel were presented in Table 3.1 

 

Table 4-5 Total savings in terms of öre/KWh of fuel replaced at HEAB 

HEAB 5MW 10MW 15MW 

MWh replaced /year 3400 6888 10464 

Fuel replaced 

20%Biomass & 

40%oil & 

40%Electricity 

30%Biomass & 

35%oil & 

35%Electricity 

50%Biomass & 

25%oil & 

25%Electricity 

Replaced mix-fuel price 

(öre/kWh) 
53,40 49,48 41,63 

Tax savings (öre/kWh) 1,44 1,26 0,72 

Total savings (öre/kWh) 55 51 42 

 

In Table 4.7 Earnings before interest, taxes, depreciation and amortization (EBITDA) are shown for 

the three scenarios. Revenues were calculated multiplying Syngas price per the total energy replaced 

in each scenario. A utilization factor of 95%  it has been applied. In the case of heat savings, same 

procedure was applied  been price, the total savings price in terms of öre/kWh. In this case a utilization 

factor of 75% has been applied. 

Prices and amount of energy replaced are shown in Tables 4.5 and 4.6. Operation expenses values 

were provided by Cortus. 

 

Table 4-6 Investment, revenues and operation expenses 

  5MW 10MW 15MW 

Investment (kSEK) 85.000 125.000 160.000 

Fuel conversion (kSEK) 13.000 21.400 28.450 

TOTAL investment (kSEK) 98.000 146.400 188.450 

Syngas (kSEK/year) 25.080 45.600 64.980 

Steam and waste heat (kSEK/year) 1.320 2.635 3.296 

TOTAL revenues 26.400 48.235 68.276 

Operational variable expenses (kSEK) 10.708 18.493 26.149 

Gross profit 15.692 29.741 42.127 

Operational fixed expenses(kSEK) 160 200 250 

EBITDA 15.532 29.541 41.877 
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4.4.4 Capital cost 

It is assumed that 80% of the total investment is loaned with an interest of 3.6%. Thus equity of 20% 

has to be paid at the beginning of the project. Every year the amortization of the loan as well as the 

corresponding interest for each period will be paid. 10 years  is assumed as the life time of the 

investment. Therefore, every year 10% of the total investment is depreciated. In appendix D, capital 

cost calculations are shown in detail. 

4.4.5 Profitability 

Net present value (NPV) and Payback were chosen to calculate the profits of the scenarios NPV has 

been used to show the value and magnitude of the project and payback period is calculated to show the 

period of time required for the return on the investment. Calculations have been done with a fixed 

discount rate of 14%. It is a high value but usual when we are looking to a risky investment. 

Calculations can be seen in Appendix D. 

 

 

  Figure 4-3 NPV, Investment and Payback vs. capacity (Internal Rate of Return (IRR)=14%) 

 

As it is shown in Figure 4.3, all scenarios are profitable. All of them have high NPV, 6,3; 35,2; 

60.9mSEK in 5; 10 and 15MW scenario respectively even having set a high internal rate of return 

(14%). Moreover, the project has a very reasonable payback period. Payback of the different scenarios 

is 7.8, 6.3 and 5.8 years. 

 

Other situation taking in account the income and operational costs variation over investment life time 

has been calculated.  As some authors and sources mentioned in this thesis predict, fossil fuels price is 
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considered to increase at minimum with a 5% rate per year and biomass with 3%. Operational costs 

are considered to increase with 2.5% as the inflation rate in Sweden. In this manner, an increase rate of 

3% per year in EBITDA has been set due to the income increases faster than the operational costs. 

Calculations are shown in appendix D. 

 

 

       Figure 4-4 NPV, Investment and Payback vs. capacity with EBITDA 3% increasing rate. (IRR=14%) 

 

As expected, in Figure 4.4 can be seen that the project is even more profitable if we compare it with 

previous situation. NPV has  risen to 13.3; 48.6 and 80 mSEK for 5; 10 and 15MW scenario 

respectively. Payback has been reduced to 7.2; 5.9 and 5.5 years. 

4.5 Sensibility analysis 

A sensibility analysis has been made where the Syngas price, biomass price and investment has been 

varied. Also it has been calculated the sensibility with IRR variations. The sensibility analysis is based 

on the base case were EBITDA remains constant for each year because that is the most conservative 

situation. These analyses are shown in Figures 4.5, 4.6, 4.7 and 4.8. 

 



 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

44 

 

             Figure 4-5 Biomass price effect in NPV 

 

As it is seen in Figure 4.5, NPV decreases proportionally with biomass price.  Breaking points are 279; 

383 and 408SEK/MWh for 5; 10 and 15MW scenario respectively what mean how much biomass 

price can raise in each scenario remaining the project profitable. 

 

 

Figure 4-6 Syngas price effect in NPV 

 

As it is seen in Figure 4.6 Syngas price has a big impact on the NPV. To become non-profitable 

project syngas sale price has to decrease to 630; 490 and 440SEK/MWh for 5; 10 and 15MW scenario 

respectively. 
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Figure 4-7 Investment effect in NPV 

Figure 4.7 shows that there is margin of 10, 41 and 55% for the increment of the investment until 

project becomes unfeasible.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As it is seen in Figure 4.8 there is wide margin regarding IRR having breaking points on 22%; 43% 

and 54% for 5; 10; 15MW respectively 

 

Moreover as seen in Figures 4.3 and 4.4 profitability decreases with the capacity of the plant. An 

interpolation was carried out to calculate the smallest feasible size of the plant having a value of 4.6 

MW for it. Calculation is shown in appendix D. 
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4.6 Environmental study 

In this section the impact, on GHG emissions, that the fuel conversion in HEAB and Ovako has, was 

studied. 

CO2 emissions due to biomass transportation are not considered since neither there is for the other 

fuels. 

In HEAB, changes were due to the replacement of oil.  By knowing the quantity of oil replaced from 

Table 4.2 and the oil emissions in terms of tons/MWh from the CO2 annual report of the company, the 

decrement of CO2 tons per year was calculated. As explained in section 3.2.2, a factor directly 

connected with CO2 emissions is the CO2 allowances.  By decreasing CO2 tons emitted per year to the 

atmosphere, the company has the possibility to sell the excess of allowances that they will not need. 

For this reason, HEAB possible savings by selling allowances are presented in Table 4.8. Calculations 

are shown in appendix E 

 

Table 4-7 Annual CO2 tons reduction and allowances saving at HEAB 

HEAB 5MW 10MW 15MW 

    

CO2 reduction (tons/year) 364 646 561 

Allowances savings 

(SEK/year) 
60.469 107.191 93.052 

 

Beside to replace a small quantity of fossil fuels in HEAB, it has an impact on the economy, allowing 

the company to have an extra profit by selling CO2 allowances. 

 

Having a wide overview about environmental impact and not just taking in account the facts that has 

an economic repercussion, use of electricity is also studied. Electricity consumption is reduced in 

HEAB but also consumed at the gasification process.  CO2 emissions associated from the use of 

electricity were calculated with the values of Swedish electricity production. Calculations were made 

with a value of 0.0559 tons/MWh. (Schakenda y Nyland).  
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Table 4-8 Net CO2 emissions due to use of electricity 

Electricity use 5MW 10MW 15MW 

CO2 reduced by avoiding use of 

Electricity (tons/year) 
76 135 146 

CO2 emitted by using 

Electricity (tons/year) 
98 174 246 

NET CO2 emissions due to 

electricity use (tons/year) 
22 40 100 

 

It is seen in Table 4.9 that the NET CO2 emissions by the use of electricity to run the gasification plant 

and the savings to avoid electricity in production of district heating by sending steam surplus from the 

gasification plant to HEAB, are positive. However, the amounts are insignificant compared with the 

reduction of CO2 emissions by replacing oil. 

 

In Ovako, CO2 will be reduced with the fuel conversion. Calculation procedure was the same as in 

HEAB and based on data of Table 4.3 shown in appendix E. In Table 4.10 results are presented. 

 

Table 4-9 Annual CO2 tons reduction and allowances savings at OVAKO 

OVAKO 5MW 10MW 15MW 

    

CO2 reduction (tons/year) 10.757 20.353 29.658 

Allowances savings 

(SEK/year) 
1.785.679 3.378.590 4.923.310 

 

In the case of Ovako, reduction of CO2 is very significant. In the case of 15MW, total CO2 emissions 

of the company would be reduced by 50%. Allowances savings could have a big impact in the 

economy. At the moment the company has an excess of allowances that they are keeping thinking on 

the expected reduction for the next period.  With this perspectives, demand of allowances in the 

market will increase and thus, prices too. In this situation, the company has the possibility to sell 

allowances and have an extra income with the conversion apart from the fact of fuel reduction cost. In 

Figure 4.9 annual profits from fuel conversion and from selling allowances are shown. Also, CO2 

reduction in terms of tones is presented. 
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Figure 4-9Ovako annual profits and CO2 emissions reduction 

As it is seen in figure 4.9 profits from fuel conversion accounts to 1.2, 2.4 and 3.6 million with the 

possibility to rise up selling allowances to 3, 5.8 and 8.5 million for the 5, 10 and 15MW scenario 

respectively. 
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5 Discussion 

The biggest uncertainty of this thesis is that listed energy prices are used instead of real due to 

confidentiality of negotiated prices at HEAB and Ovako. Propane price was taken from a real 

industrial price according to consumption and delivery conditions that Ovako has but still there can be 

variations due to negotiations between companies and suppliers. In the case of oil price, margin of 

error can be bigger. Biomass price suggested by HEAB, is considered high taking in account the area 

where the plant is located.   

Nevertheless, the project has a lot of margin regarding biomass cost and Syngas price. In the 5MW 

case biomass cost can increase 26% and Syngas price can decrease 5% until the project becomes 

unfeasible. In the two other cases, the room for biomass cost variation is bigger than the market can 

change having a value of 85% margin for the 15MW scenario. Syngas price depends on propane and 

oil price that prices are expected to rise, however there is a 18% and 23% margin of decrement for the 

10 and 15MW scenarios. 

 

Another source of uncertainty is assumptions about future energy market parameters such as energy 

prices and taxes. Energy prices have been commented before. Regarding taxes, a variation on energy 

and CO2 taxes will not be a problem asthe taxes has a very small impact in this project since Ovako is 

not paying taxes as an intensive industry. Taxes impact in HEAB is very small due to the small 

amount of energy replaced and because they just have to pay 30% of the tax as a CHP plant   

Variation on CO2 allowances price can have an impact in HEAB and Ovako profits but not in the 

profitability results shown in this thesis since those profits are not included, they are considered as 

extra profits. 

Despite of the fact that energy policies are based on the support of renewable energy and new 

technologies to develop it, there is an uncertainty in this field that play an important role in the 

profitability of this system.  

  

Location of the plant is not taken in account in this project; hence the investment and operation costs 

will change according to different factor and specifications. For instance the different demands on 

biomass transportation are a major contribution before making a decision of a plant location. 

 

One uncertainty of this study is that WoodRoll technology is still under development, which makes 

investment cost and expected efficiencies uncertain.  The investment for the connection between 

Ovako and WoodRoll process as well as between WoodRoll with HEAB process shall be estimated 

more in detail. Regarding to investment, it is seen from the sensibility analysis information that, just 

on the 5MW scenario, there is a 10% margin until project becomes unfeasible but in the 10 MW and 
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15MW case, the uncertainness about investment would not change a lot the results since the 

investments can increase 40% and 50% respectively in each case what it is improvable that percentage 

of error. 

 

Regarding technical uncertainties, Syngas produced should be tested in order to know if it meets the 

thermal requirements of the furnaces. There is a furnace in Ovako what has a cell for this purpose. 

Also, supply system to connect production with consumption of Syngas shall be further studied. 

 

Connections for the consumption of N2 for create the inert atmosphere and propane for the starting up 

of the WoodRoll process shall be revised. In the case that it will not be possible to use Ovako´s 

storage, WoodRoll investment cost could increase slightly but no more than 1-2 MSEK. 

 

In the case of that HEAB´s production would decrease considerably due to external factors, the 

consumption of biomass would be replaced instead of mainly oil or electricity. This fact would reduce 

the income to the gasification plant but have a very small impact due to the income from taking 

advantage of the steam and heat surplus of WoodRoll represents just 5% of the total income. 
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6 Conclusions 

The results from this study show that biomass gasification using WoodRoll technology is a highly 

interesting investment option for HEAB. From Ovako side, the project is very interesting too since the 

company can have a combustible 5% cheaper than the fuels used today  and decrease strongly CO2 

emissions without doing any investment. Moreover they will use Syngas, a renewable fuel and more 

reliable, regarding prices, than the fuels that they use today.  

Major conclusions of this thesis are: 

The three scenarios in the two situations proposed are profitable. Profitability increases with the 

capacity of the plant due to the reduction of capital and operational costs. In the total costs, weight of 

the investment decreases with the capacity thus operational cost becomes more important.  

 

The system is very robust to changes in biomass price, it has a big impact on the profits but a big 

margin until becomes unfeasible. By decreasing biomass price to 110SEK/MWh NPV it is almost 3 

times higher in 5MW case and raises to 67% and 58% in the 10 and 15MW cases. Margin of changes 

in Biomass price are 26%, 74% and 85% for the 5, 10 and 15MW respectively.  

 

Regarding profits, income has the major importance and its impact increases even more with capacity 

comparing it with cost. It is reflected in the sensible analysis that the system is very robust to changes 

in Syngas price. As biomass, the margin until project becomes unfeasible is big but in this case the 

impact on profits it´s even bigger. By increasing Syngas price 22% in 15MW case profits were 4 times 

higher. 

 

It has been realised that due to technical issues, the plant will be just feasible when it can be placed in 

a close area than where the Syngas is going to be consumed. 

 

Total replacement of fuels at Ovako would be unfeasible due to the high demands during shorts 

periods of time. Until there is no other solution, support fuels for this higher demands would be 

necessary. 

At the same time that Ovako can have profits by the fuel conversion, there is an environmental 

improvement in the company by reducing considerably CO2emissions. Moreover, by the reduction of 

CO2 the company has the possibility to sell allowances and increase considerably its profit. 

Besides Syngas is a more reliable source of energy than fossil fuels and the uncertainness regarding 

prices is much lower, Syngas prices will fluctuate also with energy market. 
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6.1 Future work: 

As a pre- feasibility study, the profitability of the project has been demonstrated. Although many 

aspects have been described in detail in this thesis, further work will be to do a more detailed 

feasibility study. 

In addition, in steel companies there is char coal demand in the electric furnaces (EAF) at high prices 

and generating large quantity of CO2emissions. In Ovako, last year, CO2 emissions from coal were 

40.600 tons, almost 50% of total annual emissions. Char coal used has a strict chemical composition 

with high content of carbon (from 80% to 99%) and very low fixed quantities of phosphorus, sulphur 

and ash content. In front of this fact, it is of special interest to study the feasibility of producing 

Syngas simultaneously with char coal. Technology has to be further studied to meet with the carbon 

requirements but conversion from regular coal to char coal from biomass could report a high quality 

carbon reducing CO2 emissions to atmosphere. 

 

Furthermore, having seen how much profit can have the system by having a reduced cost of biomass, 

other fact of special interest would be to search for other possible biofuels from nearby area that could 

be used. For instance, there are many big paper mills in the nearby area that have sludge as a waste. 

Some of them incinerate it having a cost for it. It is recommended to study the feasibility to use the 

sludge as a feedstock for WoodRoll process. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

53 

7 Bibliography 

Bergek, Charlotte. Energy efficiency opportunities within the powder coating industy. Göteborg: 

CHALMERS UNIVERSITY OF TECHNOLOGY, 2011. 

Commission on Oil Independence . «Regeringskansliet.» 2006. http://www.sweden.gov.se. July de 

2012. 

CPC, Clean Production Centre. 2012. July de 2012. <http://www.cleanproduction.se/infosidor/In-

English_524/infosidor/In-English_524>. 

De Wit, Marc y Andre Faaij. «European biomass resource potential and costs.» Biomass and 

Bioenergy 34.2 (2010): 188-202. 

Eklinder-Frick, Jens, Lars Torsten Eriksson y Lars Hallén. «Effects of social capital on processes in a 

regional strategic network.» Industrial Marketing Management 2012. 

European Commission. 20-20 by 2020 Europe's climate change opportunity, COM (2008) 30 final. 

Brussels, Belgium: European Commission, 2008. june de 2012. 

Faaij, A. «Potential contribution of bioenergy to the world´s future energy demand.» 2007. 

Fritsche, Uwe R., y otros. «better use of biomass for energy.» 2010. 

G. Schuster, G. Loffler, K. Weigl, H. Hofbauer. «Biomass steam gasification – an extensive 

parametric modeling study.» Bioresource Technology, 77 (2001), pp. 71–79 77.1 (2011): 71-

79. 

Geijerstam, Jan af y Marie Nisser. Swedish Mining and Metalworking, National atlas of Sweden. 

Stockholm: SNA, 2011. 

Hellsmark, Hans y Staffan Jacobsson. «Policy challenges in realisin biomass gasification in the 

european union.» Technology, Chalmers University of. Systems perspectives on biorefineries. 

Göteborg, 2012. 89-100. 

HighBio. BIOMASS GASIFICATION TO HEAT,ELECTRICITY AND BIOFUELS. Jyväskylä: 

University of Jyväskylä, 2011. 

IEA, International Energy Agency. «Energy in Sweden 2011.» 2012. International Energy Agency. 04 

de 06 de 2012. <http://www.iea.org/publications/freepublications/publication/Industry.pdf>. 

Jernkontoret. The swedish steel producers asociation. 2012. May de 2012. 

<http://www.jernkontoret.se/english/research/energy_research_programme/index.php>. 

Johansson, M. y M. Söderström. «Options for the swedish steel industry. Energy efficiency measures 

and energy conversion.» ENERGY 36.1 (2011): 191-198. 

Johansson, Maria T. y Mats Söderström. «Options for the Swedish steel industry – Energy efficiency 

measures and fuel conversion.» Energy 36.1 (2011): 191-198. 

Kirkels, Arjan F. y Geert P.J. Verbong. «Biomass gasification. Still promising? a 30 year global 

overview.» Renewable & Sustainable Energy Reviews 15.1 (2011): 471-481. 



 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

54 

Nord Pool Spot. Nord Pool Sport market. 2012. July de 2012. <http://www.nordpoolspot.com/Market-

data1/Elspot/Area-Prices/ALL1/Hourly/>. 

Peterson, D. y S. Haase. Market Assessment of Biomass gasification and combustion tecnology for 

small and medium scale aplications. Colorado: National Renewable Energy Laboratory, 2009. 

S Dasappa, H.V Sridhar, G Sridhar, P.J Paul, H.S Mukunda. «Biomass gasification—a substitute to 

fossil fuel for heat application.» Biomass and bioenergy 25.6 (2003): 637-649. 

Sadaka, Samy. Gasification. Nevada: Iowa State University, 2006. 

Schakenda, Vibeke y Cecilia Askham Nyland. «CO2-emissions associated with different electicity 

mixes.» 2008. 

SPBI. Svenska Petroleum Biodrivmedel Istitutet. 2012. July de 2012. 

<http://spbi.se/statistik/priser/eldningsolja>. 

Swedish Enegy Agency. 2012. July de 2012. <http://energimyndigheten.se/en/>. 

Swedish Energy Agency. «Energy in sweden 2010.» 2011. Swedish Energy Agency. July de 2012. 

<http://213.115.22.116/System/TemplateView.aspx?p=Energimyndigheten&view=default&ca

t=/Broschyrer&id=b4cea7b00212456b9bdbdbe47a009474>. 

Swedish institute. SWEDEN.SE. 2012. July de 2012. 

<http://www.sweden.se/eng/Home/Business/Economy/>. 

Waldheim, Lars y Torbjörn Nilsson. «HEATING VALUE OF GASES FROM GASIFICATION.» 

2011. 

Wetterlund, Elisabeth. System studies of forest-based biomass gasification. 1st. Linköping: Linköping 

University, 2012. 

Wikipedia. Wikipedia. 2012. July de 2012. 

 

All data from Ovako AB, HEAB and Cortus AB have been collected by personal contact and a guided 

visit to Ovako. Personal contacts of the companies are following: 

 

Cortus AB: Marko Amovik, Mats Thideman and Ram Alzuheri. 

Ovako AB: Anders Lund and Per-Olof Lindberg. 

Värmevärden AB: Per Persson, Johnny Westling, Lars Sjökvist, Jonny Östling, Krister Svedin and 

Michel van Geest. 
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Furnace Area Nº burners KW/burner Total KW Oxyfuel Energy

Yearly 

cons. 

(GWh)

Kontugn 9 Rörv 20-25 Gasol

Kontugn 10 Rörv 20-25 Gasol

kontugn 11 Rörv 20-25 Gasol

kontugn 13 Rörv Electricity

kontugn 14 Rörv Electricity

Total Kontung 15,3

Ringugn 30 z.0-1 Rörv 14 1000 14.000 x Gasol

Ringugn 30 z.2 Rörv 14 550 7.700 x Gasol

Ringugn 30 z.3 Rörv 14 550 7.700 x Gasol

Ringugn 30 spärr Rörv 1 Gasol

Total Ringugn 30 20,9

Ringugn 38 z.1 Rörv 7 485 3.395 x Gasol

Ringugn 38 z.2 Rörv 8 325 2.600 x Gasol

Ringugn 38 z.3 Rörv 5 300 1.500 x Gasol

Ringugn spärr Rörv 1 500 500 Gasol

Total Ringugn 38 11,0

Ringugn 39 Ringv 8 325 2.600 Gasol

Kammarugn 40-1 Ringv 2 390 780 Gasol

Kammarugn 40-2 Ringv 2 390 780 Gasol

Kammarugn 40-3 Ringv 1 700 700 Gasol

Kammarugn 43 Ringv 4 600 2.400 Gasol

Kammarugn 44 Ringv 4 150 600 Gasol

Kammarugn 45 Ringv 4 150 600 Gasol

Kammarugn 46 Ringv 6 300 1.800 Gasol

Ugn 53 Ringv 10 400 4.000 x Gasol

Total Ring mill 11,9

Kammarugn 47 Valsv 10 300 3.000 Gasol 1,6

Kammarugn 48 Valsv 10 300 3.000 Gasol 1,4

Kammarugn 49 Valsv 6 300 1.800 Gasol 0,9

Kammarugn 50 Valsv 6 300 1.800 Gasol 0,8

Kammarugn 51 Valsv 6 300 1.800 Gasol 0,8

Kammarugn 52 Valsv 6 300 1.800 Gasol 0,7

Gropugn 2 cell 1 Valsv 1 570 570 x Gasol 2,8

Gropugn 3 Valsv 4 570 2.280 x Gasol 4,5

Gropugn 4 Valsv 4 570 2.280 x Gasol 4,5

Gropugnar olija Valsv 39 575 22.425 x Eldningsolja 3 LS Ultra 47,1

Total reheating 65,1

TOTAL 72.410 124,2

Appendix A 

A list of reheating and heat treatment furnaces characteristics at Ovako is presented in following Table 

A.0.1 

Table A-0-1 Characteristics of the furnaces for reheating and heat-treatment run by propane and oil at Ovako  
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Appendix B 

In this appendix how energy sources are replaced at Ovako and HEAB is presented. 

Energy sources replacement is mainly based on energy prices. In this thesis all calculations have been 

based on energy prices shown in following Table B.0.1 

 

Table B-0-1 Energy prices used for calculations 

 

HEAB 

WoodRoll process will send to HEAB its two surplus heat currents.  The most valuable is saturated 

steam at 25 bars. The other one is” low value heat” at 110ºC. Power values of each current are 

presented in appendix C. The criterion for energy sources substitution has been first replacing oil and 

electricity consumption. As the use of oil and electricity is heavy dependent on prices, it is assumed 

that both are used equally. As it was shown in Figure 3.10 and Figure 3.11 of the use of different 

energy sources to cover the demand for January and February, in January just oil was used as a fuel 

apart from the biomass and waste heat.  In the other hand, during February just electricity was used as 

non-renewable source. Beside electricity and oil consumption in 2011 were not equal (4% and 2% 

respectively of total annual energy use) as it is shown in Figure 3.9, it can differ year by year as it was 

noticed from the company’s environmental report. 

In July there isn´t fuel replacement as the gasification process is stopped. During the non-cold months 

(May, June, August and September) demand is almost covered by biomass therefore, there is a small 

consumption of oil or electricity (around 100MWh/month)  thus, just 100 MWh of oil and electricity 

can be replaced per month. With the remaining energy, biomass consumption is avoided.  The rest of 

the months oil and electricity are replaced. In the 15MW scenario waste heat from WoodRoll cover 

more than the demand that it was covered before by oil or electricity, thus during cold months, 

biomass is also replaced in this scenario. 

In Table B.0.2 energy replaced per period and total percentage is presented. The cost of replaced fuel 

is also calculated based on a weighted average of energy prices and the percentage that each fuel 

represents. 

Energy source Price (SEK/MWh) Source

Biomass 220 HEAB

Oil 685 Svenska Petroleum Biodrivmedel Istitutet

Propane 544 Cortus AB

Electricity 540 Nord Pool
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Table B-0-2 Fuels replacement at HEAB based on WoodRoll capacity 

 

OVAKO 

Fuels replacement at Ovako is simpler than in HEAB. It is just based on the fuel cost. Therefore first 

oil is replaced and then a combination of oil and propane. In Table B.0.3 fuel replacement as well as 

replaced fuel prices is shown for the different capacities of WoodRoll. Replaced fuel prices have been 

calculated as a weighted average with the percentages of each fuel.  

 

Table B-0-3 Fuel replacement variation with WoodRoll capacity 

 

Fuels replacemnet 5MW 10MW 15MW

MWh replaced /year 3400 6888 10464

MWh replaced/month 309 626 951

During Non-cold months (MWh) 200-oil &200-EI & 800-Bio 200-oil &200-EI & 2080-Bio 200-oil & 200-EI & 3400-Bio

During cold months (MWh) 1050-oil & 1050-EI 2191-oil & 2191EI 2600-oil &2600-EI & 1459-Bio

TOTAL 20%Bio & 40%oil & 40%EI 30%Bio & 35%oil & 35%EI 50%Bio & 25%oil & 25%EI

Replaced mix-fuel price 

(öre/KWh)
53 49 42

5 MW 10 MW 15MW

GWh replaced/year 40 80 120

Fuel replaced Oil 60%Oil & 40%Propane 40%Oil & 60%Propane

Price fuel (öre/KWh) 69 63 60



 A PREFEASIBILITY STUDY OF INTEGRATING WOODROLL GASIFICATION TECHNOLOGY INTO OVAKO STEEL AND HEAB 

 

Appendix C 

In this appendix, assumptions, necessary data and calculations to build Table 4.4 that characterizes, at 

the three scenarios, mass and energy streams from Figure 4.2 are described.  

Calculations were made from data provided by Cortus.   

In Table C.0.1 is shown the inputs and outputs of the process for each capacity during normal 

operation 

Table C-0-1 Inputs and outputs for WoodRoll for 5MW, 10MW and 15MW 

DS biomass demand  is shown in Table C.0.1  , equivalent 75% DS biomass is shown because that is 

the state of the biomass when comes to the drying stage after been pre-dried. Equivalent 47% DS is 

shown also because is the real flow material that enters to the system.  Following conversion factor 

was used to calculate the equivalent mass between different humidity’s. 

 

                  

 
 

                 

                  
 

                  

                 
 

 

In the next Tables C.0.2 and C.0.3 data necessary for calculations and conversion from energy to mass 

are presented. 

Fuel Use (MWh/year) 

Oil 2.817 

Wood chips 98.027 

Electricity 5.049 

Waste heat 28.585 

TOTAL 134.478 
                                                  Table C-0-2 energy use at HEAB 2011 by source 

Media  5 MW 10 MW 15 MW 

Input    

Biomass DS 

                Equivalent 75% DS  

                Equivalent 47% DS 

1250 Kg/h 

1667 kg/h 

2660 Kg/h 

2500 Kg/h  

3333 kg/h 

5319  Kg/h 

3750 Kg/h 

5000 kg/h 

7979  Kg/h 

Electricity 220 kW 390 kW 550 kW 

Output    

Syngas 1570 Nm3/h 3130 Nm3/h 4700 Nm3/h 

”Low value heat” (110 ºC) 294 kW 585 kW 880 kW 

Saturated steam surplus (25 bar) 131 kW  276 kW 428 kW 
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 LHV Source 

Steam (25 bar) 2801.8 KJ/Kg Properties of saturated water (HIG lectures) 

Biomass (53%humidity) 9 MJ/Kg HEAB 

Oil (Äldningsolja 3 LS Ultra) 11.83 MWh/ton OVAKO (environmental report) 

Propane 12.86 MWh/ton OVAKO (environmental report 

Syngas 10 MJ/Nm3 
From gases properties at (Waldheim y 

Nilsson) and gas composition from Cortus 

Table C-0-3 LHV of different fuels 
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Appendix D 

In this appendix all information to do the economic analysis is presented. 

with a capacity of 250GWh made in 2007. Investment by that project was 43.4 mSEK 

In order to calculate the fuel conversion investment of the three different scenarios, capital costs are 

assumed to follow the formula for up scaling shown in the following equation. 

     
     

 (
         
         

)
 

             

 

C has a value of 0.7 for chemical installations. Because capital costs were obtained from another year 

than 2012, these were recalculated to 2012 prices by the Chemical Engineering Plant Cost Index 

(CECPI). The equation can be seen in equation 2 

                   (
         
          

)              

 

By using equation 1 and equation 2 fuel conversion investment was scaled to each capacity and 

actualized to 2012 prices. Results are shown in Table D.0.1 

 250 GWh/year 
40GWh/year 

(5MW) 

80 GWh/year 

(10MW) 

120GWh/year 

(15MW) 

Cost2007(mSEK) 

CECPI2007=525.4 
43.4 12.03 19.55 25.96 

Cost2012(mSEK) 

CECPI2012=575.8 
- 13.19 21.42 28.45 

Table D-0-1 Scaled and actualized prices for fuel conversion at Ovako 

 

In Table D.0.2 it is shown the capital cost of the 5MW scenario. Same procedure was applied for the 

10 and 15MW scenario. In Table D.3distribution of the amortization and interests over the years are 

shown 

 

Table D-0-2 Capital cost 5MW scenario 

 

kSEK

Total investment 5MW plant 98.000

Loan, 80 % 78.400

Equity, 20 % 19.600

Amortization, 10 years 7.840

Interest per year 3,60%
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Table D.0..3 Amortization and interests along the 10 years 

. 

  kSEK 

    Total investment 10MW plant 146.400 

    Loan, 80 % 117.120 

    Equity, 20 % 29.280 

    Amortization, 10 years 11.712 

    Interest per year 3,60% 

    Year 1 2 3 4 5 

Loan per year (kSEK) 105.408 93.696 81.984 70.272 58.560 

Interest per year (kSEK) 5.270 3.795 3.373 2.951 2.530 

Year 6 7 8 9 10 

Loan per year (kSEK) 46.848 35.136 23.424 11.712 0 

Interest per year (kSEK) 2.108 1.687 1.265 843 422 

Table D-0-4 Capital cost for 10MW 

  kSEK 

    Total investment 15MW plant 188.450 

    Loan, 80 % 150.760 

    Equity, 20 % 37.690 

    Amortization, 10 years 15.076 

    Interest per year 3,60% 

    Year 1 2 3 4 5 

Loan per year (kSEK) 135.684 120.608 105.532 90.456 75.380 

Interest per year (kSEK) 6.784 4.885 4.342 3.799 3.256 

Year 6 7 8 9 10 

Loan per year (kSEK) 60.304 45.228 30.152 15.076 0 

Interest per year (kSEK) 2.714 2.171 1.628 1.085 543 

Table D-0-5 Capital cost for 15MW 

When NPV is calculated, 26, 3% for the taxes is used as is the regular tax in Sweden. Change in 

Working Capital (WC) represents the initial investment in raw materials. It has been considered the 

biomass demand for one month of production. 

In the next tables NPV calculations for the three scenarios are shown. 

 

 

 

 

Year 1 2 3 4 5

Loan per year (kSEK) 70.560 62.720 54.880 47.040 39.200

Interest per year (kSEK) 3.528 2.540 2.258 1.976 1.693

Year 6 7 8 9 10

Loan per year (kSEK) 31.360 23.520 15.680 7.840 0

Interest per year (kSEK) 1.411 1.129 847 564 282
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NPV&Payback for 5MW scenario 

 

 

*Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 6308 kSEK 

 

 

 

 

 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 15.532 15.532 15.532 15.532 15.532 15.532 15.532 15.532 15.532 15.532

CAPEX -19.600

Change in WC -490

Amortization -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840

Interest -3.528 -2.540 -2.258 -1.976 -1.693 -1.411 -1.129 -847 -564 -282

Cash flow before tax -19.600 3.674 5.152 5.434 5.716 5.999 6.281 6.563 6.845 7.128 7.410

Depreciation -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800

EBIT 2.204 3.192 3.474 3.756 4.039 4.321 4.603 4.885 5.168 5.450

Tax calculated on EBIT -580 -839 -914 -988 -1.062 -1.136 -1.211 -1.285 -1.359 -1.433

Net cash flow after tax -19.600 3.094 4.312 4.520 4.728 4.936 5.144 5.352 5.560 5.768 5.976

PV of cash flows -19.600 2.898 3.543 3.258 2.989 2.737 2.502 2.284 2.081 1.894 1.721

Accumulated Net cash flow 1* -19.600 -16.506 -12.193 -7.673 -2.945 1.992 7.136 12.489 18.049 23.818 29.794

Accumulated Net cash flow 2* -98.000 -87.066 -74.913 -62.553 -49.985 -37.208 -24.224 -11.031 2.369 15.978 29.794
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NPV&Payback for 10MW scenario 

 

 

* Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 35205kSEK 

 

 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 29.541 29.541 29.541 29.541 29.541 29.541 29.541 29.541 29.541 29.541

CAPEX -29.280

Change in WC -981

Amortization -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712

Interest -5.270 -3.795 -3.373 -2.951 -2.530 -2.108 -1.687 -1.265 -843 -422

Cash flow before tax -29.280 11.578 14.034 14.456 14.878 15.299 15.721 16.142 16.564 16.986 17.407

Depreciation -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640

EBIT 0 9.631 11.106 11.528 11.950 12.371 12.793 13.214 13.636 14.058 14.479

Tax calculated on EBIT 0 -2.533 -2.921 -3.032 -3.143 -3.254 -3.365 -3.475 -3.586 -3.697 -3.808

Net cash flow after tax -29.280 9.045 11.113 11.424 11.735 12.046 12.356 12.667 12.978 13.289 13.599

PV of cash flows -29.280 8.471 9.130 8.233 7.418 6.680 6.011 5.405 4.858 4.363 3.917

Accumulated Net cash flow 1* -29.280 -20.235 -9.122 2.302 14.037 26.083 38.439 51.106 64.084 77.372 90.972

Accumulated Net cash flow 2* -146.400 -125.643 -102.818 -79.682 -56.235 -32.477 -8.409 15.970 40.660 65.660 90.972
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NPV&Payback for 15MW scenario  

 

 

* Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 60929kSEK 

 

 

 

 

 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 41.877 41.877 41.877 41.877 41.877 41.877 41.877 41.877 41.877 41.877

CAPEX -37.690

Change in WC -1.472

Amortization -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076

Interest -6.784 -4.885 -4.342 -3.799 -3.256 -2.714 -2.171 -1.628 -1.085 -543

Cash flow before tax -37.690 18.545 21.916 22.459 23.002 23.545 24.087 24.630 25.173 25.716 26.258

Depreciation -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845

EBIT 0 16.248 18.147 18.690 19.233 19.776 20.318 20.861 21.404 21.947 22.489

Tax calculated on EBIT 0 -4.273 -4.773 -4.915 -5.058 -5.201 -5.344 -5.486 -5.629 -5.772 -5.915

Net cash flow after tax -37.690 14.272 17.144 17.544 17.944 18.344 18.744 19.144 19.544 19.944 20.344

PV of cash flows -37.690 13.367 14.085 12.643 11.343 10.172 9.118 8.168 7.315 6.548 5.859

Accumulated Net cash flow 1* -37.690 -23.418 -6.274 11.269 29.213 47.557 66.300 85.444 104.987 124.931 145.275

Accumulated Net cash flow 2* -188.450 -159.102 -126.882 -94.263 -61.243 -27.823 5.996 40.216 74.835 109.855 145.275
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NPV&Payback for 5MW scenario; EBITDA 3% increasing rate  

 

 

* Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 13387 kSEK 

 

 

 

 

 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 15.532 15.998 16.478 16.972 17.481 18.006 18.546 19.102 19.675 20.266

CAPEX -19.600

Change in WC -490

Amortization -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840 -7.840

Interest -3.528 -2.540 -2.258 -1.976 -1.693 -1.411 -1.129 -847 -564 -282

Cash flow before tax -19.600 3.674 5.618 6.380 7.157 7.948 8.755 9.577 10.416 11.271 12.143

Depreciation -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800 -9.800

EBIT 2.204 3.658 4.420 5.197 5.988 6.795 7.617 8.456 9.311 10.183

Tax calculated on EBIT -580 -962 -1.162 -1.367 -1.575 -1.787 -2.003 -2.224 -2.449 -2.678

Net cash flow after tax -19.600 3.094 4.656 5.218 5.790 6.373 6.968 7.574 8.192 8.822 9.465

PV of cash flows -19.600 2.898 3.825 3.760 3.660 3.534 3.389 3.232 3.066 2.897 2.726

Accumulated Net cash flow 1* -19.600 -16.506 -11.850 -6.632 -843 5.531 12.498 20.072 28.264 37.086 46.551

Accumulated Net cash flow 2* -98.000 -87.066 -74.570 -61.512 -47.883 -33.669 -18.862 -3.448 12.584 29.246 46.551
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NPV&Payback for 10MW scenario; EBITDA 3% increasing rate  

 

 

* Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 48670 kSEK 

 

 

 

 

 

 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 29.541 30.427 31.340 32.280 33.249 34.246 35.273 36.332 37.422 38.544

CAPEX -29.280

Change in WC -981

Amortization -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712 -11.712

Interest -5.270 -3.795 -3.373 -2.951 -2.530 -2.108 -1.687 -1.265 -843 -422

Cash flow before tax -29.280 11.578 14.921 16.255 17.617 19.007 20.426 21.875 23.355 24.866 26.411

Depreciation -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640 -14.640

EBIT 0 9.631 11.993 13.327 14.689 16.079 17.498 18.947 20.427 21.938 23.483

Tax calculated on EBIT 0 -2.533 -3.154 -3.505 -3.863 -4.229 -4.602 -4.983 -5.372 -5.770 -6.176

Net cash flow after tax -29.280 9.045 11.767 12.750 13.754 14.778 15.824 16.892 17.983 19.097 20.235

PV of cash flows -29.280 8.471 9.667 9.189 8.695 8.195 7.697 7.208 6.731 6.270 5.828

Accumulated Net cash flow 1* -29.280 -20.235 -8.469 4.281 18.035 32.813 48.637 65.529 83.512 102.608 122.843

Accumulated Net cash flow 2* -146.400 -125.643 -102.165 -77.703 -52.237 -25.747 1.789 30.393 60.088 90.896 122.843
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NPV&Payback for 15MW scenario; EBITDA 3% increasing rate  

 

 

* Accumulated cash flow 1 is referred to the equity and accumulated cash flow 2 is referred to the investment 

Tax 26,30% 

IRR 14% 

NPV 80016 kSEK 

 

In order to interpolate the NPV with the capacity of the plant a tendency equation was used. The equation was built with two points, choosing the 5MW and 

10MW values because they show the most representative tendency. By making 0 NPVx , limit capacity was calculated. 

      
                 

                           
                                 

Period 0 1 2 3 4 5 6 7 8 9 10

Discount factor 0 0,5 1,5 2,5 3,5 4,5 5,5 6,5 7,5 8,5 9,5

EBITDA 41.877 43.133 44.427 45.760 47.133 48.547 50.003 51.503 53.049 54.640

CAPEX -37.690

Change in WC -1.472

Amortization -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076 -15.076

Interest -6.784 -4.885 -4.342 -3.799 -3.256 -2.714 -2.171 -1.628 -1.085 -543

Cash flow before tax -37.690 18.545 23.173 25.009 26.885 28.801 30.757 32.756 34.799 36.887 39.021

Depreciation -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845 -18.845

EBIT 0 16.248 19.404 21.240 23.116 25.032 26.988 28.987 31.030 33.118 35.252

Tax calculated on EBIT 0 -4.273 -5.103 -5.586 -6.080 -6.583 -7.098 -7.624 -8.161 -8.710 -9.271

Net cash flow after tax -37.690 14.272 18.070 19.423 20.805 22.217 23.659 25.133 26.638 28.177 29.750

PV of cash flows -37.690 13.367 14.845 13.998 13.153 12.320 11.509 10.724 9.971 9.251 8.568

Accumulated Net cash flow 1* -37.690 -23.418 -5.348 14.075 34.880 57.098 80.757 105.890 132.528 160.705 190.455

Accumulated Net cash flow 2* -188.450 -159.102 -125.956 -91.457 -55.576 -18.282 20.453 60.662 102.376 145.629 190.455
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Appendix E  

In this appendix, data to calculate CO2 emissions reduction in each scenario is presented. 

 

  CO2 (tons/TJ) CO2 (tons/MWh) 

Äldningsolja 3 LS Ultra  74,70 0,269 

Propane 64,62 0,233 
Table E-0-1CO2 emissions per fuel (Source: Ovako´s CO2 annual report) 

 

Current price for CO2 allowances has been set as 166SEK/ton what corresponds to 20€ per allowance. 

 

 

Table E-0-2 CO2 emissions impact in HEAB 

 

 

Table E-0-1 CO2 emissions impact in Ovako

5 MW 10 MW 15MW

GWh replaced/year 40 80 120

Fuel replaced Oil 60%Oil & 40%Propane 40%Oil & 60%Propane

CO2 reduction (ton/MWh) 0,269 0,254 0,247

CO2 reduction (ton/year) 10.757 20.353 29.658

Allowances savings (SEK/year) 1.785.679 3.378.590 4.923.310

Column1 5MW 10MW 15MW

MWh replaced /year 3400 6888 10464

Fuel replaced 20%Bio & 40%oil & 40%EI 30%Bio & 35%oil & 35%EI 50%Bio & 25%oil & 25%EI

CO2 reduction (tons/MWh) 0,11 0,09 0,05

CO2 reduction (tons/year) 364 646 561

Allowances savings (SEK/year) 60.469 107.191 93.052
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