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Abstract 
Replacement of fossil gaseous fuels such as natural gas and liquefied petroleum gas with biomass-based 
gases is of interest to the steel industry because of its role in CO2 mitigation. In the transition from fossil fuels 
to bio-based energy carriers, a number of new issues related to resource efficiency, logistics, and competition 
arise. The systems analysis of the full chain from feedstock supply all the way down to the end-user of biofuel 
products is crucial and can provide insight into the most sensitive parameters involved in the transition to a 
bio-based steel production. Related research has been carried out in the transport sector, for instance, about 
the integrated production of biofuels within existing forest industries in order to evaluate the cost competition 
between fossil fuels and biofuels. The results have shown that integration can lead to decreased costs, 
increased overall efficiency, as well as more complex process solutions.  
In this paper, a systems analysis is conducted on sawdust gasification to produce bio-syngas as a process 
fuel to be used in a steel plant. The extent of this analysis, which is carried out as a case study in a Swedish 
steel plant, ranges from derivation of the sawmill by-products all the way to the steel plant that is the end-user 
of the product gas. The paper appraises the differences between two integration options; at the sawmill and 
at the steel plant. Trade-offs and economic factors impacting the production and utilisation of bio-syngas in the 
steel industry are analysed by employing spatial and techno-economic analysis, and the results are discussed 
with regards to policy decisions in the Swedish steel industry. 
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1 Introduction 
Reducing the carbon footprint from fossil fuel use in iron and steel production is imperative to 
achieving national and global climate targets within economic and industrial sectors. Biomass is a 
renewable energy source that can be introduced, in the short to medium term, to mitigate fossil CO2 
emissions in this industry sub-sector [1]. The flexibility of biomass fuels adds to its attractiveness for 
existing metallurgical processes, and biomass derived gases such as syngas and synthetic natural gas 
(SNG) can be used as heating fuels and reductants in the iron and steel industry. The application of 
bio-syngas as a reducing gas has been tested in some previous studies, for example in [2] and [3]. 
Application as fuel in heating furnaces in the iron and steel plants has also been documented in other 
feasibility studies conducted—for example [4–7] have shown the possibility to replace LPG and NG 
in iron kilns and steel furnaces with product gas (also known as syngas) from biomass gasification. 
Bio-SNG, produced by upgrading bio-syngas, provides a higher LHV similar to natural gas but its 
high cost of production puts it at a disadvantage when compared to bio-syngas. 
Production of bio-syngas via biomass gasification has been extensively studied in literature. More 
recently, there has been research trends focusing on integrating biomass gasification at host sites 
where biomass is readily available as by-products—for example [8,9] focuses on integrated biomass 



gasification processes in forest industries for the production of transport fuels. Integrated production 
of bio-syngas via biomass gasification technologies increases the efficient use of limited biomass 
resources and may lead to synergetic benefits that depend on the host industry.  Integrating biomass 
gasification processes in forest industries have the advantage of well-established biomass supply 
chains and expertise regarding material (biomass) handling [8]. However, biomass gasification 
integrated at non-forest industries have not commonly been studied to the knowledge of the authors. 
Since gasification is an endothermic reaction, integrating this process with external processes where 
excess heat is available may prove to be advantageous. The iron and steel industry is an example 
where excess heat is available from the various production processes, and future utilisation of biomass 
fuels for metallurgical processes may require on-site production of the biomass fuels for increased 
efficiency and lowered costs. The work of Gunarathne at al. [7] provides the only study found by the 
author where an integrated system of a steel heat treatment furnace and a gasification process is 
investigated to identify heat recovery possibilities and the process conditions. 
In order to properly evaluate the benefits of bio-syngas production integrated across two different 
host industries, it is important to consider the effects of the supply chain leading to the bio-syngas 
production. Research carried out by [8,10,11] on integrated biofuel production for transport industry 
give some insight into the important factors along the supply/value chain which are significant when 
considering syngas production at the steel plant. Biomass purchase and supply, handling of biomass 
feedstock may be more costly or inefficient when carried out by the steel plant. The distribution 
logistics of the gas product from sawmills to end-users is eliminated when integrated production is 
carried out in the steel plant. However, the overall supply chain effects for the steel plant have to be 
researched first before a conclusion can be made regarding the integration benefits for either steel 
plant or sawmill.  
The focus of this paper is to make a preliminary comparative analysis of the bio-syngas production 
chain when integrated at a forest industry and at a steel plant. Sawmills are an interesting example of 
the forest industry in this paper since the woody (biomass) residues produced during the production 
of sawn wood can be upgraded to higher value fuels via gasification processes rather than other 
purposes which are of lower value, for example combustion purposes. A heating furnace in a Swedish 
steelmaking plant, Höganäs AB, is used as a case study where the bio-syngas produced on-site can 
be utilised as fuel. The main research question here is what supply chain aspects affect the integrated 
production of bio-syngas when comparing production at an existing forestry industry and at the steel 
(end-user) industry? 
 

2 Methods and input data 
2.1 . System description and scope  
System studies of two integrated production pathways are analysed on a comparative basis towards 
the utilisation of bio-syngas in a Swedish steel plant. The first system, also taken as the reference 
system, describes the integrated production of bio-syngas at a typical sawmill plant and the supply of 
bio-syngas to the end user (steel plant).  In the second system, an integrated production of bio-syngas 
at a steel plant is studied. The supply of the biomass feedstock from sawmills is included in order to 
analyse the trade-offs in taking this production pathway. The distribution of the bio-syngas to the 
steel plant is included in the reference system under this system boundary. System configurations for 
the two cases are outlined in Figure 1 and Figure 2, where the biomass feedstock of interest is sawdust. 



 

Fig. 1.  System description for integrated biomass gasification at sawmill (reference case). 

 

Fig. 2.  System description for integrated biomass gasification at steel plant. 

Figure 2 indicates a perceived benefit of integrating the production at the steel plant since the available 
flue gases can be utilized in drying the biomass feedstock (sawdust) prior to its gasification, while in 
the first case as shown in Figure 1 drying of the biomass feedstock will mean an additional heat 
demand at the sawmill. However, heat integration and analysis are outside the scope of this paper as 
the focus is to compare the two different supply chain configurations for producing bio-syngas.  

2.2 . Sawmill plant 
Sawmills are a major forest industry and form a majority of the top forest users in Sweden. A typical 
sawmill produces sawn goods from timber. By-products from processing timber into lumber and sawn 
goods include woodchips, sawdust and bark. A typical Nordic sawmill as studied by [12], converts 
47% of forest timber logs into lumber, while the remaining 53% is composed of the by-products. 
Table 1 presents the material input and output in a typical Nordic sawmill. 
A large share of the energy demand in the sawmill goes into the drying of the incoming timber from 
55% - 60% moisture content to 18% moisture content in the lumber. The drying process has a high 
heat demand that is mostly provided by combusting a share of the by-products in a dedicated furnace 
(see Figure 1).  



  Table 1.  Material flow in a typical Nordic sawmill [12]. 
Input Timber  2.12 kg dry 
   
Output Lumber 1 kg dry 
 Sawdust 0.17 kg dry 
 Wood chips 0.55 kg dry 
 Bark 0.40 kg dry 

 
Bark forms a major share (85%) of the biomass use for energy (heating) purposes in sawmills, while 
sawdust and woodchips have 9% and 6% shares respectively [13]. The remaining shares of the by-
product mix are usually sold to other biomass users such as wood pellets plants, pulp mills, and CHP 
plants. The preceding assumption in this study is a case where sawdust is utilised for bio-syngas 
production instead of exported for wood pellets production or combusted for sawmill internal energy 
demand.  
A spatial analysis is conducted to provide an indication of the sawmill by-products availability within 
100 -250 km of the Höganäs Plant, a steel plant selected as a case study in this work. The size of 
sawmills in the area represents both small and medium-sized sawmills as depicted on the map in 
Figure 3. From the spatial analysis, one or more sawmills are chosen as feedstock suppliers and 
potential host sites for integrated syngas production, respectively. The selection of sawmills is done 
in order to match the gas demand of the steel mill.  The sawmill by-product interesting to this study 
is sawdust derived during the sawing of timber logs. The moisture content of the wood timber is 50% 
[14].  
For this paper, the quantity of sawdust needed is expected to match the bio-syngas demand at the steel 
plant and is therefore based on the conversion efficiency of the gasification technology used. The 
sawdust requirement in this study is calculated as 120 GWh annually.  

2.3 . Steel plant  
Höganäs AB, located in the southern part of Sweden, is a steel plant selected for this case study, and 
natural gas is used as a fuel in the heating furnaces during the process of iron (and steel) powder 
production. Their iron powder production process follows the direct reduction of iron ore in tunnel 
kilns to obtain a spongy mass of solid metallic iron which is then further processed to crude iron 
powder [15]. The annealing furnace is a heat treatment belt furnace where the crude iron powder is 
soft-annealed in hydrogen to reduce the oxygen and carbon content of the powder to significantly low 
levels. Each belt furnace at the iron powder plant has a total capacity of 1.1 MW, and is heated with 
natural gas to approximately 900°C. Natural gas consumption specific to the annealing process within 
the iron powder plant is 96 GWh per year. More details on the Höganäs sponge iron process can be 
found in [15]. Bio-syngas is considered as a fuel replacement to natural gas in this study based on a 
100% substitution potential. Energy use in the annealing furnaces within the iron powder plant is of 
interest to this current study and is thus used as an example of a heating furnace in an iron and steel 
plant. 

2.4 . Biomass Gasification 
Integrated production of syngas via biomass gasification in this work is performed in two different 
sites: at a typical Nordic sawmill, and at a Swedish iron and steel plant. The work presented in this 
study constitutes a preliminary study, to be followed by a more in-depth process integration and 
supply chain study regarding aspects identified of particular interest. The systems analysis is based 
on publically available previous research of industrially integrated biomass gasification. For this 
reason the gasification technology concept integrated at the sawmill differs from that integrated at the 
steel plant, and this current pre-study is carried out without much emphasis on the differences. 
For the reference case, integrated production of bio-syngas via biomass gasification in the sawmill is 
on the basis of a previous study carried out by Mesfun et al. [10], and it is modified to exclude the 



SNG synthesis processes. The bio-syngas process consists of a biomass dryer, air separation unit 
(ASU), a bubbling fluidized bed gasifier using oxygen and steam, and a gas-cleaning unit. The 
temperature inside the gasifier is maintained at 850oC. A detailed description of the process can be 
found in [10]. 
The alternative case for an integrated production of bio-syngas at the steel plant takes place via a 
multi-stage gasification process and is referenced after the study carried out by Gunarathne et al.  [7]. 
The WoodRoll® multi-stage gasification consists of three separate stages for biomass drying, 
pyrolysis and gasification. Raw biomass feedstock is fed into a dryer to reduce the moisture content 
to 5%; the dried biomass is then fed into a pyrolysis reactor to give char and pyrolysis gas; the char 
is then fed into an entrained flow gasifier, with steam as the gasifying agent, to produce a high-quality 
synthesis gas product. A detailed description of the WoodRoll® gasification concept is found in [16]. 
In their work, Gunarathne et al. consider five integration cases with and without heat recovery for 
biomass drying and steam superheating [7]. However, for this current paper, no heat integration is 
considered. The product gas composition, based on the gasification technology, is shown in Table 2. 

Table 2.  Bio-syngas composition based on gasification technique used in (a) steel plant, and (b) 
sawmill [16], [4]. 
 WoodRoll® multi-stage gasification BFB gasification 

H2 55 23 – 28 
CO 28 45 – 55 
CO2 11 10 – 15 
CH4 3 <1 
N2 0 <5 
LHV (MJ/kg) 16.02 10.5 -12.6 
Gasifier (conversion)  Efficiency 80% 80% 

2.5 . Economic Analysis  
Costs associated with production of bio-syngas in either of the system configurations are calculated 
using input from similar past studies. However, the focus of the economic comparison is limited to 
feedstock supply and bio-syngas delivered to the user. The transportation costs of interest in this first 
case involves those associated with the delivery of the bio-syngas to the steel plant, while in the 
second case  it is the costs associated with transporting the sawdust to the steel plant site. 

2.5.1. Feedstock supply costs 
Procurement of the biomass feedstock from the sawmill is taken from [17] using their computed data. 
The price of the feedstock, estimated at 10 EUR/MWh [17], applies for the two integration cases 
studied in this paper. Transportation distances from the selected sawmills are calculated by 
multiplying the average direct distance to the steel plant by a tortuosity factor of 1.4 as described and 
applied by [18]. The biomass supplied to replace the use of natural gas is transported from sawmills 
selected from the spatial analysis (see section 3.1) via trucks to the steel plant. The transportation 
distances, in kilometres, are calculated for the two selected sawmills and are indicated in Table 4. 
The transportation cost for sawdust, as presented in Table 3, is the same as that used in [17] where 
several input parameters are computed to obtain the cost of transporting industrial by-products from 
sawmills.  

2.5.2. Delivery of bio-syngas from sawmill sites 
Distribution of bio-syngas from the production sawmill site is assumed to be transported via road. 
The use of trucks, running on the same type of fuel as for the biomass feedstock transportation, is 
considered in this study. Börjesson et al. [19] estimate well-to-tank costs of distributing methane, as 
a vehicle fuel, produced from thermal gasification of biomass. The costs estimated were determined 
on certain loading capacities, including capital costs for the steel vessels, hourly rates for using the 



truck and the driver. The authors use a 6% interest rate when calculating capital expenses in 
distributing the gas for round trips covering 600km [19]. It was not possible to obtain exact vessel 
specifications for the cases studied in this paper, therefore, the assumed price for distributing bio-
syngas from the sawmills is taken from [19] assuming half the price for maximum round-trip 
distances of 300 km (see Table 3).  

Table 3.  Transportation costs used in the analysis. 
 Fixed cost Variable cost 
 EUR/MWh EUR/MWh/km 
Sawdust * 0.576 0.03492 
Syngas ** 5.904 0.03096 

* [17] 
** Adapted from [19] 
 
3  Results 
3.1 . Feedstock availability and supply 
Figure 3 shows a spatial representation of sawmills within 100 km and 200 km radius of the Höganäs 
steel plant. As can be seen, the large number of sawmills located within this vicinity indicates a 
considerable potential of feedstock availability for bio-syngas production.  Two sawmills (Sawmill 
A and Sawmill B) are selected based on (i) their plant sizes, and (ii) their spatial distance (<150 km) 
to the Höganäs plant. The total sawdust feedstock supply from these two sawmills is indicated in 
Table 4.  

 
Fig. 3.  Sawmills’ by-products availability within 100 – 250 km proximity to the steel plant. Green 
colour indicates higher density of sawmill by-products and the size of the markers indicate annual 
sawmill production (sawn wood). The two considered sawmills for the analysis are marked with red 
in the figure. Sawmill production data was obtained from the Swedish Forest Industries Federation 
[20]. 

The available sawdust at each of the two sawmills are used in this calculation, even though it exceeds 
the required feedstock demand. This is not of significant consequence in this work and thus not 



adjusted to fit the required feedstock amount (see section 2.2). However, in the reference case where 
the bio-syngas production takes place at the sawmill site, the size of the selected sawmill(s) becomes 
a relevant factor. While there is the advantage of having the biomass input readily available at the 
sawmill site, the question of having integrated production at several sites or at one large sawmill 
becomes a deciding factor since the sawdust availability varies spatially as can be seen in Figure 3.  

3.2 . Economic performance 
As the results in Table 4 show, the transport cost from the selected sawmills to the case study steel 
mill is significantly higher for transportation of syngas than for transportation of sawdust, over the 
relatively short distances in this study. The cost of the sawdust, as feedstock, is the same in the two 
cases as there is a price attached to the gasification feedstock regardless of where the sawdust 
gasification is carried out.  
Table 4.  Economics assessment of integrated gasification options. 
 Unit Sawmill A Sawmill B 
Sawmill size m3 sawn wood 80 000 180 000 
Calculated transport distance from sawmill to steel plant  km 72 120 
Available sawdust quantity GWh/y 46  104  
Bio-syngas production (based on 80% conversion 
efficiency) GWh/y 37 83 

Cost of transporting sawdust to steel plant kEUR 143 500 
Cost of transporting bio-syngas to steel plant kEUR 301 803 

*volume of final product from sawmill 
 

In Figure 4, transport costs for sawdust and syngas, respectively, have been plotted over a range of 
transport distances. In this figure it was assumed that either 96 GWh of syngas, or 120 GWh of 
sawdust (assuming 80% conversion efficiency in the gasification process) needs to be transported. 
As can be seen, the break-even distance is around 400 km, after which the low energy density of 
sawdust could make transportation of compressed syngas cost competitive. While not of relevance 
for the studied steel mill and region, this could be the case for steel mills with higher gas demand, or 
regions with lower availability of suitable biomass feedstock within the proximity. 
 

 

Fig. 4.  Annual transport cost of bio-syngas vs. of sawdust. 
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4. Concluding discussion 
This preliminary study has attempted to evaluate the production chain of bio-syngas integrated at 
a steel plant in contrast to integrating at the sawmills. The focus on the supply chain aspects of 
the bio-syngas production is an attempt to highlight the ease or difficulty in carrying out the 
biomass conversion at either host industry. Based on the assumptions and input data used in this 
paper, a number of points are raised:  
- Associated supply chain costs: When looking at the value chain of bio-syngas production 

integrated with the processes of sawmills, there are higher costs for delivery of the product 
gas to the steel plant for the selected case study than for feedstock transportation to the steel 
plant. In this case study where significant volumes of feedstock are available within a 
relatively short distance, it can thus be concluded that transporting biomass is preferable over 
transporting bio-syngas. On the other hand, the results also show that in an area with higher 
gas demand and/or lower availability of biomass feedstock within a short distance, it could be 
preferable to transport bio-syngas, rather than bulky biomass. 

- Gasification technology: Although the gasification concepts studied in this paper were not the 
same, it is important to note that installing the gasifier plant at either the sawmill or the steel 
plant require additional investment since it is an external process outside of the core processes 
in either the sawmill or steel plant. This in essence means that the willingness of the different 
actors involved will be a main factor when considering the integrated gasification processes. 
As shown in Table 2, the composition of the bio-syngas from the WoodRoll® gasification 
process is of high quality due to its higher hydrogen content unlike from the bubbling fluidized 
gasification process. A more accurate comparison of the systems studied in this paper can be 
made when the same WoodRoll® gasification technology is used in the production of the 
syngas at both host sites. 

- Availability of feedstock: In this paper, feedstock availability was assessed spatially for the 
surrounding region. When considering integration of biomass gasification at the steel plant 
site, the production capacity should match with the total syngas demand. As demonstrated in 
this paper, sawdust can be imported from existing sawmills within the region to the steel plant 
site. However, larger distances between feedstock source and the steel plant will result in 
higher transport costs, especially if a larger bio-syngas demand is to be met.  

i. Additionally, it was assumed that all sawmill sawdust is available for bio-syngas 
production for the steel industry. Notwithstanding, when sawdust is considered as a 
limited resource having several competing users, the market effects may lead to high 
production costs of bio-syngas for the steel industry. This aspect will be included in an 
extensive analysis following this pre-study.  

ii. On the other hand, integrated production at the sawmill sites would depend on the 
available sawdust (dependent on the sawmill production capacity) at each site. This in turn 
may result in having several bio-syngas production sites (distributed production) or a 
central production system where sawdust from other sawmills are exported. These 
alternatives have differing implications in terms of production costs of the bio-syngas. 
Results from [10] give an indication towards a linear relationship between the sawmill 
size and the gasification costs. Additionally, the cost of delivering the bio-syngas to the 
furnace at steel plant will depend on what production concept is employed. 

This paper has further highlighted the possibility of having biomass gasification processes integrated 
at a steel plant where the availability of excess heat can be utilised. Further work is planned, in 
addition to the points discussed above, in order to carry out analysis on the heat performance when 
integrating biomass gasification at the steel plant versus a sawmill site. Future research will throw 
more light into the broad subject of integrated bio-refineries.  
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