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Abstract 
The systems analysis of biomass in the Borås municipality is conducted so as to identify the amount of 

biomass consumed by certain designated systems for this study. Using the principles of urban metabolism and 

material flow accounting, the system boundary is setup and biomass is categorized into system specific 

entities which are to be quantified. The symbiosis principle and the cascading approach of resource utilization 

are used to determine the systems which are working together and the resources they share among each other. 

Selected flows are established to be calculated for paper and paper products; fuel and construction wood; 

biogas; and blended transportation fuels. The flows are considered one by one, it is found that the 

consumption system and the waste management system are main players in the flow of paper and its products. 

The flow of fuel and construction wood is surveyed across different companies in the municipality for 2013. 

The fate of the waste construction wood for 2011 is traced across the waste handling systems of Borås Energi 

och Miljö till the Combined Heat and Power plant at Ryaverket. The quantities of fuel wood consumed by the 

CHP and residential heat are received from statistical sources. The main players in the biogas production flow 

are the waste management system and the digesters at Gässlösa and Sobacken. The consumption of enriched 

biogas is then examined for different transportation sub-systems. The flows for blended fuels is considered for 

petrol, diesel; separately analysed from them are their blended quantities of ethanol and other renewable 

additives. The sold quantities of petrol and diesel have been received from the market survey for the year 

2013. The flows are then individually validated by common critical parameters to determine how reliable the 

information sources are. The resulting flows are discussed for the symbiosis of resources and significance of 

urban metabolism concepts.  

 

Keywords: Systems analysis of biomass, material flow analysis, urban metabolism, biomass Borås, 

industrial ecology   
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1. Introduction 

1.1 Background and Problem description 

The Background of this study relates to the sustainable management of material flows supporting metabolism 

in cities. According to (Goodland and Daly, 1996) sustainable development must cater to the biosphere’s 

capacity for regeneration and waste assimilation bearing the load of increased consumption of materials and 

energy induced by global resource flows.  

1.1.1 Urban Metabolism  

An increasing population density accompanied by increase in accumulated material stock resulting in large 

amounts of material and energy flow could characterize an urban establishment in short (Graedel,1999). The 

metabolism trends are dynamic as the population in cities has been increasing steadily. The European 

Environmental Agency (2006) has reported that by 2020 approximately 80% of European citizens will be 

living in urban areas thereby increasing the energy and material flows across a city for sustenance.  

These flows of energy and materials are inherent in the studies Urban metabolism which (Kennedy et al. 

2007, 44) quoted as “the sum total of the technical and socio-economic processes that occur in cities, resulting 

in growth, production of energy, and elimination of waste”. In this way the city is considered as an organism 

comprising of many vital functions that demand resources to sustain and in the process discharge materials or 

energy in the form of wastes, which often impacts the ecosystem.  

Many studies have been published after Wolman’s in the 1965, that have extensively studied the metabolism 

of specific cities or components of a city namely water, emissions and so on. The study is also used as tools to 

identify environmental problems resulting from growing resource consumption and allied management of 

urban wastes, resulting in formulating better urban planning policies (Niza et al., 2009).  

1.1.2 Material Flow Model  

The material flow model is carried out by through Material Flow Accounting (MFA) that assesses the 

material consumption for a system for a certain year. This assessment takes into consideration the static state 

of consumption (pertaining to that year) but also calculates trends in the consumption over time periods 

thereby characterizing the conditions causing this dynamics in the city metabolism (Niza and Ferrão,2005).  

1.1.3 Sustainability  

Sustainable material management that this study focusses on is a prime focus of the urban metabolism 

approach. (Hendriks et al. 2000) state that urban management aims at long term resource use bearing in mind 

the burden on the ecosystem.  

Material flows in cities can be depicted to be spatially dependent and as (Bai,2007) studied that cities are open 

systems and consume raw materials and produce waste as a by-product of their functions. It can be said that a 

city relies for resources from support regions at its boundary, choosing the nearest best location to relieve 

loads on transportation cost. The city in this manner also relies on products imported in a global scale. 

Thereby the city flows impact not only the boundary of the city alone but also at the regional and global level.  

Urban metabolism studies have been completed under the European Union’s seventh commission namely 

Sustainable Urban Metabolism for Europe (SUME) and BRIDGE initiative by the European Commission. 

The BRIDGE initiative caters to accounting flows of energy, water, carbon and pollutants (Chrysoulakis, 

2011).  
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1.1.4 Biomass 

Considering that this study aims at sustainability Biomass being a regenerative resource is gives the main 

focus and its flows are to be studied. (Ragauskas, 2006) have studied that biomass feedstock can replace non-

renewable raw materials to produce large volumes of sustainable energy and materials. Encouraging large 

scale and sustainable production, the feedstock can cater to the requirements of the world’s population.  

1.1.5 Industrial Symbiosis  

The first definition for industrial symbiosis was coined in the 1940s describing a relationship akin to 

biological relationship of symbiosis, where dissimilar industries mutually benefitted from the exchange of 

resources between one-another; mainly waste (Renner, 1944).  From the experiences of Kalundborg 

Symbiosis which is a successful industrial ecosystem in Denmark, successful symbiosis systems can be 

attributed to (Kalundborg, 2014):  

 How the industries fit together and can yet be different  

 The industries focus on continuous large waste streams 

 When every project is economically feasible  

 The geographical distance between the industries is small 

 The ideological distance between the industries is small  

1.1.6 Cascading approach 

Cascading of material resource is a philosophy that explains how natural resources can be made best use of. 

This is characteristic while speaking of biomass as a resource (Confederation of European Paper Industries, 

2012). This approach explains how wood that is converted into paper and paper pulp could be recycled or 

used for energy generation. The wood demand is said to exceed the supply by 2018, to meet the demands the 

efficiency of wood utilization has to be considered(Höglmeier, 2013). It has been studied that the efficiency 

of wood use is similar or improved by cascading. Cascading also creates fewer environmental impacts 

compared to the production of products from primary wood (Höglmeier, 2013). 

1.2 Aim and Objective  

The aim of this study is to achieve a sustainable utilization of resource to create a platform for a fossil-fuel 

free city. The objective to achieve this aim is to conduct a systems analysis of biomass for Borås city. The 

flows of biomass and in-turn its consumption is understood by considering city systems that function to fulfil 

some certain urban-needs. The systems consist of various sub-systems that process the biomass and provide 

knowledge of the amount of biomass consumed. In this manner if a chain of systems is considered and a 

categorized list of biomass is identified as consumed in the systems, the successive flows and consumption 

patterns can be understood.  

1.3 Systems analysis  

The systems analysis of biomass has been carried out for categorized biomass for a few main flows in this 

study. The ideologies which served as a background study have helped build the method in the following 

manner:  

 Urban metabolism: Helps draw the system boundary and delineate separate flows 

 Material flow accounting: Accounts for the flows into different systems and sub-systems 

 Sustainability: All the flows strive to achieve this 

 Biomass: In this study the categorized biomass pertaining to delineated flows is accounted for  

 Symbiosis: Determines the path of the flow, the changing systems and changing resource character 

 Cascading resources: Helps to realize that the resource is utilized to its fullest potential and also 

determines the changing nature of a resource  
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1.4 Limitations 

 Inflows and outflows such as imports and exports are not included in this study, as it focusses on a 

regional level quite unlike the economy-wide study where these quantities would be easier to enlist.  

 Data for a regional level is hard to collect and may not at times be fully representative of the system; 

the data could pertain only to a certain time period.  

 Only biomass flows that can be quantified with available data have been considered in this study. To 

do justice to the objective in the given time frame certain extensions of flows have also been 

neglected. This has been explained in detail in the forth-coming chapters.  

 A lot of estimations have been made and duly reasoned, wherever real-time data was not available.  

 A physical survey to calculate the flow of materials was undertaken for the city, in the given time a 

significant share of sources was covered. Yet there are lapses or samples that may require to be 

surveyed, but this would help develop the precision of the flows.  

1.5 Region studied: Municipality of Borås 

The following description holds good till the year 2009, it has been derived from a publishing by the 

municipality in the same year (BoråsStad, 2009). 

1.5.1 Population 

Borås was found to be the 13
th
 largest populated municipality of Sweden in the year 2008. About 60000 

residents lived in the main area and the rest lived in the suburbs around. In the year 2007 there were in total 

18940 small houses (villas, row-houses) and 29631 apartments. The small houses also comprise of 1500 

recreational houses (fritidhus).  

1.5.2 Infrastructure 

The national highways or Riksväg, RV40 (Göteborg to Jönköping) and RV27 (Göteborg to Karlskrona) 

passes through the municipality. This shows the that the municipality is a nexus between major cities in the 

western region of Sweden. Landvetter which is one of the most important international airports in Sweden is 

40km from Borås. This city is also situated at a distance of 60km and 90 km from Göteborg and Jönköping 

respectively.  

Trains pass through Borås to travel to the coast by the Kustbanan between Göteborg and Kalmar cities. Borås 

is also connected to important industrial cities such as Varberg and Herrljunga.  

1.5.3 Waste management 

In the past 10 years, waste management has been developed with the insight of waste being a resource. It is in 

this thought that the citizens have been instructed to sort waste in all possible fractions. The responsibility of 

waste is designated in the following manner:  

  Municipality is responsible for treating and collecting the household waste other than the waste that is 

designated as producer responsible.  

 The producers are responsible for the collection and transportation of packaging waste such as plastic, 

glass and papers; newspapers.  

 The operators are responsible for the waste handling according to the updated legislations.  

 The citizens are responsible to sort and dispose the waste in the right manner.  

1.5.4 Electricity and District Heating 

The Nordpol is the grid that supplies electricity to Borås. The citizens have the right to purchase the electricity 

from a given number of sources. There is also present a Combined Heating and Power plant that produces 

heat and electricity from waste and biomass. In the summer the CHP produces district cooling which it 

supplies to commercial enterprises and offices. Residential heating is also produced from oil or wood fired 
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boilers in the homes. Apart from the CHP, hydroelectricity is produced in Borås and supplied to the grid as 

well. There are independent heating plants in the suburbs of the city that produce heating alone, which is 

added to the district heating grid.    
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2. Method- Quantifying main flows of biomass 

2.1 Categorizing biomass analysed in systems  

The study encompasses ligno-cellulosic materials and other biomass; that contributes to function as wood 

fuel, raw-material for paper and paper related products, construction wood and the renewable fractions in 

transportation fuel such as biogas, petrol, diesel and ethanol. The categorized biomass drives certain systems 

as shown in Table 2.1. It is quite apparent that while quantifying flows of biomass within these systems there 

could be loose ends; namely the bio-degradable waste fractions contributing to produce biogas have not been 

re-traced to their origin such as food materials consumed. This has been over-looked just to render the flows 

less cumbersome and to focus on more measurable fractions. The biomass is categorized below as: 

Category Contents Type 

Unrefined wood           

(Wood fuel) 

Sawdust, woodchips, Branches and tops, 

stem and bark fractions 

Primary biomass 

Refined wood (Wood fuel 

and Construction wood) 

Briquettes, pellets, sawn wood, planed 

wood, refined forest waste  

Secondary biomass 

Transportation and other 

fuels 

Ethanol, Renewable fractions in petrol 

and diesel, biogas,  Bio oil 

Secondary biomass 

Paper & paper products Newspaper, Packaging paper, Cartons, 

Printing paper etc.  

Secondary biomass  

Waste fractions Paper fractions in- industrial, household 

burnable waste; Bio-degradable 

municipal and forest residue waste for 

digestion and composting. Impregnated 

and painted wood from construction 

waste.  

Tertiary biomass 

Table 2.1 Categorization of Biomass to be studied in system flows  

The system categorization of biomass considers the inflow of raw material wood for production systems 

named primary biomass; products of wood and pulp function as secondary biomass. The fuels with renewable 

content and waste fractions re-used in the systems as shown in Table 2.1 are also included in this 

categorization as tertiary biomass.  

2.1.1 Motivation for categorization  

The categorization has been carried out in adherence to 

 Industrial and Forest wood consumption in Sweden (Skogstyrelsen, 2012)  

 Biofuels used today: energy potential (SvenskFjärrvärme, 2005) 

The type-setting as primary, secondary and tertiary biomass pertains to un-refined, refined wood or food crops 

and re-used refined biomass respectively.   

2.1.2 Boundaries imposed on biomass considered 

Though the categorization is conceived on a national scale; considerations for a regional level are to be made. 

Some biomass materials have been excluded and only materials contributing to existing city systems have 

been considered. Considerations for scaling down biomass categories have been explained in forthcoming 

heading.   
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2.2 Contents of biomass flows 

Following the biomass categorization based on the city systems it is required that the biomass driving the systems be tabulated for the respective systems they serve. 

Table 2.2 below tabulates the system concerned biomass input types namely primary, secondary and tertiary raw materials; the corresponding information sources 

further clarify this flow. It has to be noted that there exists within Borås a symbiosis of resources where refuse and waste from one system contributes as raw-material 

within another city system or systems outside the city limits. This study considers only systems within limits of Borås municipality; further illustrated in Figure 2.1. 

Flows Contents (Wood in, Wood out) Type 
System boundaries for quantifying 

contents 

Corresponding 

information sources 

Paper & Paper 

products 

Newspaper, Packaging paper, 

Cartons, Printing paper, utility 

paper. 

Secondary biomass 

 Consumed within municipality but 

produced in mills outside municipality 

 Collected and sent for recycling outside 

municipality, hence consuming same 

recycled paper goes out of system 

boundary. 

 Expert opinion
1
 & 

common knowledge 

 Expert opinion
2
,
 
(LBC) 

Combined Heat & 

Power generation  

GROT, wood chips, wood shavings, 

wood powder 

Briquettes, pellets, wood forest 

residue  

Impregnated and painted wood 

Primary biomass 

                          

Secondary biomass 

 

Tertiary biomass 

 Quantities are considered from available 

data, there is no fixed proportion.  

 Nearly equivalent quantity of 2.5GWh of 

refined wood is used compared to 

543GWh of un-refined wood for a total 

of 545.5GWh.  

 Impregnated tree and painted wood that 

cannot be recycled is used.  

 Borås Energi och Miljö 

(BEM, 2011)  

 (SvenskFjärrvärme, 

2012) 

 

Borås Energi och Miljö 

(BEM, 2011) 

Construction and fuel 

wood  

Sawn wood, planed wood, 

impregnated wood, pellets, 

briquettes 

Secondary biomass Construction wood sold (within Borås) for 

renovation work for 2013, fuel wood sold in 

2013 has been taken into consideration.  

Expert opinion
3
 and 

common knowledge.  

Transportation fuel 

(renewable fuel)  

 E85, Renewable fractions in 

petrol and diesel, bio oil.  

 Biogas produced from bio-

degradable waste and sewage 

sludge in Borås.  

Secondary biomass  

 

Tertiary biomass 

 Consumed within Borås, produced 

elsewhere. The renewable fractions in 

blended fuels are to be considered.  
 Produced and consumed in Borås, raw-

materials within system boundary.  
 

 Expert opinion
1
 & 

common knowledge 

 

 Borås Energi och Miljö 

(BEM, 2011)  

 

Table 2.2 Biomass types within flows boundary considerations with information sources 

  



 

14 

 

2.2.1 Delineation of systems dependent on categorized biomass   

In an urban setup there are many systems and sub-systems that function to provide certain basic amenities. The 

systems are often driven by non-renewable fuels, but also employ a share of renewable fuels or biomass in a lot of 

cases. There are however some systems that have biomass intensive flows. The following is a description of urban 

systems and the materials that flow through them:  

1. Paper and pulp mills: These systems employ wood as a resource and it can be said that this system is a 

wood-flow intensive system. The finished products are paper and paper products. The return or re-used 

paper is also used as a tertiary biomass (refer table 2.2) to be able to produce more paper. Often the lignin 

is separated from the wood as black liquor which is then combusted to produce heat. An example is Södra 

Cell Värö in Varbergs municipality that jointly produces both paper pulp and district heating. Borås is 

different in this case as there is a CHP in Ryaverket that produces both heat and electricity, the paper and 

paper products is imported into the city for consumption.  

2. Electricity production: Electricity production is generally carried out in refineries that are either run 

by non-renewable fuels such as coal or renewable fuels such as biomass. Borås Energi och Miljö is the 

only source of electricity production within Borås though there is a delivered grid from production 

outside the city. This is different from the case of Göteborg that has a number of refineries which produce 

electricity from renewable fuels such as waste and biomass.  

3.  District heating: District heating in Borås is provided by Borås Energi och Miljö from the CHP that 

operates largely on renewable fuel. There are independent heating plants in the outer suburbs that utilize 

wood as a fuel. The same case for Göteborg can be replaced saying that there are more than one CHP 

companies that produces district heating and electricity. 

4. Biogas: Biogas in Sweden is produced from biological municipal waste and is enriched to fordonsgas or 

vehicle gas. This flow is biomass intensive and is largely dependent on the waste management system. 

Apart from this the biogas production system is also dependent on the sewage treatment system, sludge 

from which is a raw material to produce biogas. This is evident for Borås from the sewage treatment plant 

at Gässlösa which along with the waste management plant at Sobacken produce biogas.  

5. Ethanol: The ethanol production system utilizes flows of energy crops which is primary biomass by 

nature. The crops are pre-treated and undergo fermentation to produce ethanol; the residue is used as a 

fish-feed or animal feed. This is evident from the ethanol production facility at Nörrköping run by 

Agroethanol Company. Such a system is absent in Borås, but blended ethanol fuel is imported to the fuel 

stations in the city.  

6. Sawmills: Sawmills gather wood from their own forests or forest owners to produce sawn wood for 

construction. Sawmills also in the process impart certain resistant properties to the wood by means of 

chemically treating them under pressure conditions. They also benefit from producing wood chips and 

pellets from the residue wood during production.  The closest sawmill in Borås municipality boundary 

has been identified in Borgstena and is run by a company VIDA.  

7. Food industry:  The food industry is heavily intensive of biomass flows as they use food crops to 

produce food products. In a lot of cases certain foods are imported from Denmark and other countries to 

Sweden. The flows of biomass into the food system have been neglected in this study.  

 

The figure 2.1 below gives a holistic system representation of biomass flows to produce district heating, 

electricity, and biogas for Borås municipality. The consumption and waste-management systems that 

function as a backbone are also mentioned.  The end products such as emissions and ash have been shown 

but have not been considered in this study. The paper and paper products flow is mainly a consumption 

flow but is later channelled into the waste management system. It can be seen that there are 3 flows 

mainly that are inter-connected by the waste management system; these are the fuel and construction 

wood, biogas and the paper and paper products flow.  
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Figure 2.1 Flows of biomass in city systems  –“Wood in, Wood out”,  Borås  (Note* this is a colour diagram; requires to stay coloured to be read)   
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2.3 Description of Systems and sub-systems 

 Figure 2.1 clarifies the flows of categorized biomass within the systems of Borås municipality. There have 

been listed 4 main systems namely; Paper, Combined Heat and Power, Construction and Fuel wood and 

Transportation. Support systems are in this case waste management system and end user consumption. 

These have been explained in the forthcoming headings.  

2.3.1 Waste management system  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Waste management heirarchy (Source: Avfall Sverige)  

The Waste management system is underlying these 4 systems but functions as a connection. It ensures the 

symbiosis or the sharing of resources between systems like Paper  Combined Heat and Power; 

Construction and Fuel wood  Combined Heat and Power. Apart from ensuring that the non-recyclable 

waste is used for energy generation; this system also contributes to material recycling as it can be seen in the 

case of recycled paper. But it is further clarified that the recycling operation takes place outside the 

municipality limits. The waste collection system transports the recyclable waste to Galtbacken and Lilla 

Edet 12-13 km outside Borås.  

The quantified flows of the categorized biomass have been explained in the following headings. The 

established connections from the support systems (as explained in Chapter 2.4) with the main systems have 

also been quantified.  

Source separation of waste in households is in white and black bags that are to contain combustible and 

biodegradable waste respectively. The combustible waste is meant to be incinerated in the Combined Heat 

and Power generation plant. The biodegradable waste in the black bags is sent to digesters in Sobacken to 

produce biogas.  

2.4 Flow of paper and paper products through city systems 

2.4.1 Categorizing the flow material   

Table 2.2 gives a preliminary insight into the boundaries considered for this system and the categorized 

biomass that is to be quantified. The flow within this system starts as a delivery of paper and products into 

the Borås municipality as the pulp and paper mills are absent from the system boundary. Hence the “wood-

Paper and wood waste incineration 

in Combined Heat & Power 

generation systems  

Waste paper and products 

collected and sent for recycling  

Incineration ash from waste boilers 

is sent for road-filling in Borås.  
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in” of this system is attributed to the delivery of secondary biomass or rather paper and related products. To 

continue this flow i.e. “wood-out”; it is required that the support system -end consumption be taken into 

consideration along with possibilities of recycling (waste management system). 

Information sources for “Wood in” :  

Assumptions have been made considering the information available to quantify the flows. In this case the 

information for end consumption is most reliable; therefore the wood-in is determined by the consumption.  

The quantities for wood-in for paper and paper products have been taken over an average distribution 

provided by Swedish Forest Industries Federation for the year 2009.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Per-capita paper and paper products consumption for Sweden   

(Data Source: Skogsindustrierna 2010- 12) 

The paper and paper products consumed in this flow are categorized based on the end-products produced on 

an average by the paper and paper board mills in Sweden. An arbitary category code has been assigned to 

each product in this flow, the quantities of the flow are communicated via these codes.  

Table 2.3: Categorized paper and paper products (motivations for 

categorization refer heading 2.1.1)   

In this manner the trend of the total consumed paper and paper products for the entire population of Borås; 

from 2009-11 is figure 2.4.  
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Figure 2.4 Consumption Total paper and paper products 2009 -11. Also shown Borås 

population 2009-11. (Source: Skogsindustrierna 2009-11)   

The total consumption of paper and paper products over the years 2009-11 is given below in the Figure 2.4; 

the increase of population over the 3 years is also given as a curve in red. This is to show that even though 

the population in Borås has increased by 1368 persons, the consumption of paper and paper products has 

reduced by 469 tonnes.  

Information sources for “Wood out” :  

From common knowledge, it is understood that paper and paper products are recycled to make optimum use 

of the resource. There are situations when there is a sink of material, given that the paper is not recycled or 

disposed and remains with the consumer. But the occurrence of this cannot be quantified. What could be 

quantified is the recycled amounts, information for which is available by considering the sub-systems that 

work together to make the waste management system function. The following are the sources responsible 

for each respective sub-system:  

 Waste collection and disposal: Newspapers and packaging are producer responsible materials; 

there is an agency that supervises the functioning of this chain which is the FTI.  The FTI regularly 

publishes statistics for collection in their website for different municipalities in Sweden every year.  

 Municipality of Borås: The municipality in conjunction with Borås Energi och Miljö has 

published statistics on the quantity of products collected in Recycling stations and centres. This is 

where the citizens, collectors for producer responsible materials and industries dispose their waste. 

The quantity of categorized paper and paper products is available here.  

 Borås Energi och Miljö: The waste facility at Sobacken in Borås receives the waste from the 

recycling stations and centres, apart from the household municipal waste; these are then sorted and 

are recycled or combusted to produce energy. The quantities of waste received at Sobacken have 

been published by Borås Energi och Miljö for the year 2009. This helps to realize material flow 

through different sub-systems and also quantify it at the same time.  
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2.4.2 Systems and sub-systems participating in the flow  

Figure 2.5 depicts the flow of categorized paper and paper products across the major city systems and sub-systems. The consumption system here marks the 

beginning of the flow categorized products P1-P6 based on their uses. The information available for per-capita consumption is scaled over to the population of Borås 

for the year 2009.  The production paper and pulp mills, recycling factories are considered to lie outside the system boundary of the flows; which is why there is no 

quantification or further description on them.  

After consumption products such as newspapers and paper packaging (P1,P4,P5) are termed producer-responsible material. In this manner the establishment and 

collection of these products are carried out by the respective producers. The newspapers and packaging are collected from the 80 Recycling stations 

(Återvinningstationen) within Borås (BoråsStad, 2009). Apart from this there are recycling centres in 5 places around the city where the public can sort and dispose 

their household waste also called Återvinningcentralen. Most industries dispose their waste in the recycling stations but some also bring the sorted waste to the 

Sobacken waste facility located in Borås (BoråsStad, 2009). The quantities for (P1,P4,P5) that is newspaper and packaging collected in these respective collection 

sub-systems are shown in figure 2.5 and table 2.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.5: Paper and paper product flows in related systems and sub -systems 
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The evaluation of a Borås inhabitant’s participation in sorting at source (Rousta, 2011) from samples 

taken from 3 suburbs in the city that represent apartment, villa and a combined housing structure of 

villas and apartments respectively. The study was carried out to quantify the wrongly sorted fraction 

in municipal waste to the best possible detail. It was found that about 20% of the contents of the white 

bag were packaging materials which can be recycled. It was calculated from the categorization and its 

share in the white bag; that paper and paper packaging amounted to about 18% of the total contents 

by weight. This is an average value of the 3 suburbs, and can be estimated to be similar for all white 

bags collected in the municipal waste.  

According to the counted quantity of waste sent for combustion (BoråsStad, 2009) was 16425 tons 

from households. About 18% of this is about 2956 tons of wrongly sorted waste containing contents 

of categorized paper and paper products P1-P6. But since this is just a possibility based on the study 

of 3 suburbs and not an established norm for the city, it has been termed ‘conditional’ in the flow 

diagram Figure 2.3.  

But on the same note, it is an established fact that the paper and paper products going for combustion 

is just a result of wrong sorting at source measures and that the primary goal is recycling.  

Systems and sub-systems 
participating in the flow 

Cat. 
code.  

Total 
qty.  

Units Remarks ,Sources 

Wood IN - material delivered into the city from mills outside 

Consumption system with 
subsystems: 
1. Households                              
2. Fisheries, agriculture, forests                                
3. Industries, construction work                                   
4. Transport                                  
5. Other services                          
6. Public establishments  

P1 4713 tons Per-capita consumption of 

products (2009) - scaled to 

population of Borås  

(Skogsindustrierna, 2010)  

                                                                    

Note: Population of Borås in 2009 

- 102458 

P2 4508 tons 

P3 1639 tons 

P4 4201 tons 

P5 3279 tons 

P6 2766 tons 

Wood OUT - material for recycling : Source 1 

Waste collection subsystem                      
1. Recycling stations 

P1 4886 tons 

Quantities for paper packaging 

material and newspapers from 

recycling stations, centres and 

those disposed in Borås Energi 

och Miljö by industries and 

households in 2009. (BoråsStad, 

2009) 

P4+P5 827 tons 

2. Recycling centres P4 666 tons 

3. Industrial waste in Sobacken P4 3203 tons 

4.  Recyclable paper content in 
combustible waste (white bags) 

P2,P4 

(conditional) 
about 18% by 

weight of a 
white bag 

According to results obtained from 

a study on Borås inhabitants’ 

participation in source sorting of 

waste      (Rousta, 2011) 

Wood OUT - material for recycling : Source 2 

Newspapers recycled in 
Borås,2009 

91% of 
P1 

4289 tons 

Recycling numbers according to 

Swedish Environmental Protection 

Agency (Naturvardsverket) 

Printing & writing paper - recycled 
in Borås, 2009 

76% of 
P2 

3426 tons 

Packaging paper recycled in 
Borås, 2009 

74% of 
P3 

1213 tons 

Table 2.4: Quantified flow of paper an d paper products across different city 

systems and sub-systems in Borås, 2009 

The table 2.4 compares the values ‘wood-out’ or the outflow of paper and paper products to its 

corresponding incoming flows in the year 2009. There are namely 2 sources of data that clarify the 
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‘wood out’; Source 1 is the numbers reported by the Borås municipality. Source 2 refers to the 

percentages of recycling for newspaper, printing paper and packaging paper. Source 1 provides 

information for P1,P4 and P5 whereas Source 2 provides information for P1,P2 and P3. In this case 

Source 1 is considered more reliable and Source 2 functions as a yard stick to affirm the values from 

Source 1.  

Categorized contents of 

paper and paper 

products flow 

Recycled quantity (kg/person) 

as on 2009 – Derived from 

Source 1 

Recycled quantity 

(kg/person) as on 2009 – 

Acquired from (FTI, 

2014) 

Newspaper (P1) 47.69 47.69 

Corrugated paper & 

cartons (P4,P5) 
45.83 -- 

Paper packaging -- 8.07 

Table 2.5: Comparison of recycled paper and packaging/person as on 2009  

It can be affirmed from Table 2.5 that the acquired quantity of newspapers recycling matches with the 

quantity provided by the FTI (Newspaper and Packaging Collection Agency). FTI has provided the 

paper packaging quantity per person as well, which is not comparable to the 45.83 kg/person as has 

been derived in table 2.5 (Source 1).  But if the quantity of corrugated paper, cartons (P4,P5)  

collecting in recycling stations from table 2.4 is considered per person (827 tons/102458 persons) a 

result of 8.07 kg/person is arrived at. This confirms with the number provided by FTI. The numbers 

provided by FTI are as on the 31
st
 December which is the end of a given year. The FTI statistics for 

newspaper and packaging is as per the measured quantities collected in recycling stations for any 

given municipality.  

The estimation regarding consumption of P1-P6 products for Borås municipality can be further re-

checked with the per-capita newspaper quantities recycled which shows only about a difference of 

3.5% (Consumed : 46 kg/person; Recycled 47.69 kg/person).  
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2.5 Flow of biomass for fuel and construction wood  

This chapter focusses on the flow of fuel and construction wood within Borås municipality. The flow 

takes into consideration even the construction wood that is used for renovation and building. The 

wood flows for both operations are combined, so as to include the construction wood waste that is a 

part of the waste fuel that is combusted in Combined Heat and Power plants such as Ryaverket in 

Borås.  

2.5.1 Categorizing the flow material   

The categorization has been done taking the system boundary into consideration. The “Wood in” for 

this flow includes the unrefined and refined fuel wood as well as construction wood. The construction 

wood has been categorized in such a manner that it mirrors the construction waste that is a part of the 

waste fuel in CHP. It is to be noted that the main components of this flow are the fuel wood.  

Assigned 

category 

code 

Categories in fuel 

and construction 

wood 

Description of categories and their contents 

F1 Pellets  

Rest product and shavings from sawmills are dried and 

produced in a pellet mill. Properties of pellets from Svebio 

consultants  (Svebio, 2014):  

 Average moisture content is 6-9%  

 Calorific value is 4800 kWh/ton 

 Density 650-680 kg/m
3
 

F2 Briquettes 
 Similar properties as pellets, but are produced in larger 

sizes. (Svebio, 2014) 

RT1 Impregnated wood 

Construction wood that has been chemically treated with 

pressure or in vacuum. This category includes M,A,AB,B 

wood preservation classes according to Nordic Wood 

Preservation Council; made from pine or spruce trees 

(Träguiden, 2006).  

RT2 
Construction 

wood 

This includes construction wood that functions as floor 

and wall panels, floor skirting, fibre boards and roof 

construction. The wood types are generally pine or 

spruce.  

OF1 Unrefined wood  Sawdust, Bark, GROT and other forest residue  

Table 2.6 Categorized construction wood and wood fuel  

The fuel wood in Table 2.6 reflects the Biomass used as biofuels as shown in Figure 1 in the 

Appendix chapter. The categorization of biomass for this flow takes into consideration the system 

boundary previously mentioned. It is also further based on the data received as regards to the use in 

the particular systems that these materials serve. Categorization of the construction wood is based on 

the results of the market survey conducted in this study, which is explained in the data validation 

chapter. 

It is to be noted that the categorization relates by the type of material in the general categorization 

described earlier in Table 2.2.  
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2.5.2 Systems and sub-systems participating in the flow  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Fuel and construction wood flows in related systems and sub -systems 
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The C.H.P in Borås is located in Ryaverket which is owned by Borås Energi och Miljö. The C.H.P is 

responsible to produce and deliver heat and electricity to the city. Incineration of wood and waste 

takes place in the C.H.P in wood and waste boilers that produces heat and electricity by heating hot 

water.  

(AB, 2014) The following Figure 2.6 gives shares of energy contribution by raw materials that are 

incinerated to produce heat and power.  

 

Figure 2.7 Energy contribution of fuels for C.H.P, Ryaverket 2011 (Source: 

Illustration prepared from Miljöfakta 2011 published by Borås Energi och Miljö)   

The produced heat, electricity and cooling were 681GWh, 141 GWh and 16.5 GWh respectively 

(BEM, 2011). The delivered heat, electricity and cooling after losses were 618GWh, 141GWh and       

8 GWh (BEM, 2011)  respectively. The values for electricity generated include the 4 hydroelectric 

plants present in Sjuhärad The figure 2.3 gives the corresponding energy share, but the quantity share 

of the fuels is as given below in Table 2.6.  

 

Fuels Quantity units 

Industrial and household waste 110051 tonnes 

Wood 229769 tonnes 

Bio oil 879 m
3
 

LPG 1373 tonnes 

Heating oil  3887 m
3
 

Table 2.7 Quantity of fuels for C.H.P, Ryaverket 2011 (Source: from Miljöfakta 

2011 published by Borås Energi och MIljö)   

Independent Heating plants: 

Independent heating plants only produce heating and either use oil or wood for fuel. The one at 

Fristad which is owned by Borås Energi och Miljö uses pellets and briquettes (Miljö, 2014a). There is 

a plant at Dalsjöfors that has begun using pellets from 2011 instead of 438m
3
 of oil that it uses 

otherwise. A heating plant is undergoing construction now in Viared and will be ready by 2014 fall; it 

is to have a pellets burner (AB, 2014).  
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2.3.2 Consumption system 

The consumption system or the end-consumption system consists of different sub-systems. The 

consumption system stems from the consumption sectors considered by Statistiska Centralbyrån 

(Energimyndigheten, 2011b). SCB has explained that the sectors have been divided on the basis of 

Swedish Standard Industrial Classification of 2007 (Svensk Näringsgrensindelning 2007) 

(Centralbyrån, 2011). These sectors are hereby considered as the sub-systems under consumption 

system in this study. It is to be kept in mind that this classification is broad and pertains in general for 

many municipalities; however relations of Borås with the given sectors can be made on further 

investigation. The following are excerpts from SCB’s regional statistics.   

 
Industry and Construction work: 

Manufacturing, mining and quarrying [SIC 05-33], and in the case of electricity, even construction 

[NACE 41-43]. The other industrial categories that are included are those that use coke or coal as a 

fuel.  

Public services: 

Public administration and defence [SIC 84], education, research and development [NACE 72.85], 

Health care, social services [SIC 75, 86-88], arts, entertainment and recreation [NACE 90-93], Street - 

and road lighting, Waterworks [SIC 36001-36002], Waste management, wastewater treatment, 

recycling, decontamination and sanitation [SIC 37, 38, 39]. 

Transportation: 

Fuel delivery to fuel stations, Trains and trams and public transportaion [SNI 49.1-49.2, 49.31].  

Other services: 

Electricity services for offices,warehouses [SNI 35.1], Gas supply (distribution of gaseous fuels by 

pipe network) [SNI 35.2], Distribution of heat and cooling[SNI 35.3],Wholesale and retail trade 

[NACE 45-47], Hotels and restaurants [NACE 55, 56], Warehousing and support activities for 

transportation [SIC 49.32-52], Postal and courier activities [SIC 53] Financial and insurance [SIC 64-

66], Property [SIC 68.2, 68.32], rental, leasing, data processing oa business services [SIC 69-71, 73-

74, 77-82, 97-98], Other service [SIC 94-96, 99], information and communication activities [NACE 

58-63]. 

Households: 

Rowhouses, Villas, apartments, recreational homes  
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Systems and sub-systems 
participating in the flow 

Cat. 
code  

Total 
qty.  

Unit Remarks ,Sources 

Wood IN (2013) – Fuel and construction wood according to categorization (Table 2.6) 

Construction and Fuel wood 

sold in 2013  

  

F1 7232.6 tons Information on construction and 

fuel wood were derived from a 

market survey. A list of the 

surveyed companies and the 

questions asked is attached in 

Appendix  

F2 12326 tons 

RT1 937.5 tons 

RT2 148021 tons 

OF1 81900 tons 

Fuel wood consumed (2011) – by Consumption system and its subsystems  

Consumption sub-systems          

1. Households   F1,F2 27154 tons 

Municipality statistics available on 

Statistiska Centralbyrån online 

database          

(Energimyndigheten, 2011b) 

Consumption sub-systems   

Other sub-systems                     
F1,F2 12500 tons 

Municipality statistics from Borås 

Environmental Management office 

in consultation with Statistiska 

Centralbyrån. 

Total wood consumed by 

Consumption system  F1,F2 39654 tons 
Summing up household and other 

sub-systems 

Fuel wood consumed by CHP system in Biomass boilers subsystem (2012) - Source 1 

Fuel wood consumed in 

biomass boilers (2012) –          

a total of categorized fuel 

wood from  Table 2.6 

 OF1 227500 tons 

Data retrieved and interpreted 

from a study on optimizing flow of 

biofuels in Ryaverket (Johansson, 

2013).   

Fuel wood consumed by CHP system in Biomass boilers subsystem (2012) - Source 2 

Fuel wood consumed in 

biomass boilers (2012) – a 

categorization of refined and 

un-refined wood fuel. Data is 

interpreted and delivered as per 

categorization in Table 2.6 

OF1 225786 tons 

The Swedish District Heating 

Association of which Borås Energi 

och Miljö is a member of, has 

reported the quantity of 

categorized fuel wood burnt in the 

biomass boilers.  

 (SvenskFjärrvärme, 2012) 

Fuel wood consumed by Independent heating plant in Fristad (2013) –                   

 Source 1: Borås Energi och MIljö (Miljö, 2014a) 

Fristad heating plant – Fuel 

wood -pellets and briquettes 

consumed in 2013; pertains to 

categorization Table 2.6.  

F2 4792 tons 
The fuel wood quantity has been 

reported by Borås Energi och 

Miljö which owns the heating 

plants at Fristad- which is a 

suburb of Borås.  
F1 666.6 tons 

Fuel wood consumed by Independent heating plant in Fristad (2011) – Source 2 

Independent heating plants 

in Borås – quantity of fuel 

wood used has been reported 

without categorization and 

F1,F2 5148.5 tons 

Quantity has been reported as a 

part of the regional statistics by 

Statistiska Centralbyrån for 

Borås.The information available is 
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from common knowledge and 

Source 1 information it is 

assumed to be pellets and 

briquettes. 

for 2011 and reports the energy 

equivalent of fuel types used to 

produce district heating. 

(Energimyndigheten, 2011a) 

WOOD OUT : Fraction of categorized biomass in combustible waste to CHP in Waste boilers 

subsystem (2011)  

Combustible waste contains 

the categorized biomass (Table 

2.2), along with the 

combustible industrial waste. 

The compositions are unknown 

hence the flows are termed 

“conditional” (refer Figure 

2.6). A similar argument has 

been made in Table 2.4 

Industry 

waste 68776 tons 

This information has been taken 

from Borås Energi och MIljö for 

the year 2011 (BEM, 2011). The 

composition of the industrial waste 

is unknown, so it is difficult to 

segregate it as per the 

categorization in this study. The 

white bags combusted may 

collectively contain fractions of the 

categorized biomass (Rousta, 

2011).  

Household 

combustible 

(white bags) 
-- tons 

WOOD OUT : Waste construction wood used by CHP in Waste boilers subsystem (2011)  

Construction wood waste 

collected from Recycling 

stations as a part of the heavy-

household waste forms a part 

of the fuel for waste boilers.  

RTI 635 tons The quantity of construction wood 

waste measured here is for 2011 

acquired from Borås Energi och 

Miljö (BEM, 2011)  RT2 4381 tons 

Table 2.8 Flow of construction and fuel wood across different city C.H.P system 

and consumption subsystems  

It is to be noted that the fuel wood consumed by CHP in Ryaverket is exclusive of the wood sold into 

the city – WOOD IN. The “Wood in” is a result of a market survey conducted for fuel and 

construction wood sold in 2013. The consumers of the sold products are un-known, except that it is 

known that the quantity binds to what was sold in Borås only. Hence it is assumed that the wood sold 

and wood consumed by CHP are mutually exclusive.  

Comments on fuel wood consumed by CHP; Source 1:  

The fuel wood consumed by Borås Energi Miljö’s Ryaverket is delivered as forest fuel (Appendix 

Figure 1) which consists of broken fractions of GROT, bark, tree stumps. Also by-products from 

sawmills compose the fuel wood burned (Johansson, 2013).  

Comments on fuel wood consumed by CHP; Source 2:  

The fuel wood quantities as reported by Swedish District Heating Association initially till 2011 was 

categorized into refined and un-refined. But from 2012 the categorization has been carried out in a 

more detailed manner by listing the types of forest wood fuel such as GROT, stem dust, bark and so 

on and pellets and briquettes separately.  

The quantities from Source 2 reported for the CHP in Ryaverket confirms with the information from 

Source 1 that all the fuel wood used, is forest wood fuel and residue. Despite the slight difference of 

0.75% in the reported quantities of Source 1 and Source 2 which might have arisen due to unit 

conversions from original quantities reported from the sources.  
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It is to be noted that the flow for fuel wood and construction wood is not similar to the paper flow 

with regards to the “wood out” exit function. Fuel and construction wood do not necessarily leave the 

system boundary as the paper and paper products did for recycling. Instead it must be understood that 

the construction wood is a sinking material that has a longer life span and use, and its lifecycle is 

ended only when an enterprise, building or house is demolished. The construction wood then in this 

case as it is seen from Figure 2.6 is collected from recycling stations and used for burning, given that 

they have been chemically treated.  Therefore it can be said that the amounts of construction wood 

waste incinerated in the CHP is not maintained at a constant proportion every year and varies with the 

waste collected every respective year. This is just an allocation created to dispose the waste in a safe 

manner.  

Comments on WOOD OUT – construction and categorized biomass fractions in combustible 

waste 

The combustible industrial waste and the household waste (white bags) have earlier been discussed in 

the Paper and Paper products sections as well. It could appear to be duplication now that it has been 

mentioned in the flow for Construction and fuel wood. But this is due to the lack in knowledge of the 

composition of industrial waste, as it may contain burnable construction waste as well. These 

quantities are not really summed to determine the “Wood in” and “Wood out” for this flow, but they 

could be contributing if their properties are better understood.  
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2.6 Flow of biomass in Biogas production  

In this chapter the flow of categorized biomass mainly biological waste is discussed for its flow 

within the systems of biogas production and consumption and related sub-systems. This flow is 

different from the other 2 flows (Paper and Paper products; Construction and fuel wood) by the raw 

materials that contribute to biogas production. The “Wood in” for this flow is by nature the waste 

products of other city systems and the original constituents converted to waste have not been explored 

in this study as it lies outside the system boundary as discussed earlier in Table 2.2.  

2.6.1 Categorizing the flow material   

The materials required to produce biogas in Sobacken is the biological food waste from houses and 

businesses. The waste materials also include slaughterhouse waste and waste from food industry, 

restaurants (Miljö, 2007a).  Apart from the biogas produced from food waste, the filtered sludge from 

sewage water treatment is digested to produce biogas at Gässlösa in Borås. Therefore contribution to 

the biogas produced in Borås comes from the biological waste digested at Sobacken and the sewage 

sludge digested at Gässlösa (Miljö, 2010).  The categorization here below in Table 2.9 has been 

carried out by the materials used in Sobacken waste facility and Gässlösa sewage treatment.  

Digested waste in Sobacken Code Treated material in Gässlösa Code 

Household biological waste 

(black bags) 
B1 

Sewage sludge retained after 

sewage water is cleaned  
S1 

Solid biological waste from 

industries, hotels and slaughter 

house waste  

B2 

Septic sludge and grease from 

grease traps. Oils and waste from 

hotels, restaurants.  

S2 

Pumped (liquid) biological waste B3 
Industries operation waste 

(biological) 
S3 

Table 2.9 Categorization of biomass digested in Sobacken and Gässlösa 

facilities 

The waste and sewage material mentioned in table 2.9 will be henceforth referred to by their 

designated codes to ease the flow description. The materials confirm to the tertiary type of biomass 

(refer table 2.2).   

2.6.2 Systems and sub-systems participating in the flow  

As mentioned earlier there are two locations that produce biogas for public consumption in the 

municipality. Both the plants are located at a distance of about 8km.  

Waste handling and digester in Sobacken:  

The waste handling system at Sobacken consists of a 3000m
3
 digester to produce biogas from 

household biodegradable waste and liquid biological waste from food industries and hotels (Miljö, 

2007a).  This facility has a production capacity of 1.3-3.5 MNm
3
 of biogas per year by thermophillic 

decomposition by methanogenic bacteria that feeds on the degraded material in the digester.  

The waste components BI and B2 are received in bags and packaging, they are therefore mixed and 

crushed to help separate the bags and packaging. They are then pressed and the slurry that is extruded 

out is considered organic; the reject which mainly consists of bags and packaging is re-directed to be 

combusted in the CHP at Ryaverket (Miljö, 2007a). 

Alternatively if B2 consists of excessive packaging it goes through a milling process first to be 

crushed and is the mixed in a bio-separator. The bio-separator filters the reject which is incinerated at 



 

30 

 

Vehicle gas (Fordonsgas)  

3088000Nm3 

Sobacken  

51% 

Gässlösa  

15% 

Natural gas 
34% 

the CHP; the filtrate is organic material and is directed to the digester. Meanwhile waste B3 is 

composed of clean organic content and is sent to the buffer tank directly. The decomposition starts in 

the buffer tank after which the slurry is pumped into the digester. About 130m
3
 of slurry is pumped 

into the digester each day and an equal amount is pumped out. The material is retained in the digester 

for about 20 days with a buffer 10 hours to ensure harmful bacteria such as salmonella is killed. A 

temperature of 52⁰ C is maintained to ensure hygiene; this is so that the digestate is safe to be used as 

agricultural manure to replace synthetic fertilizers (Miljö, 2007a). The quantities of the waste types 

digested are later mentioned in table 2.10 and figure 2.10.  

Sewage treatment and digester in Gässlösa:  

Gässlosa is the largest sewage treatment plant within Borås municipality. This establishment caters to 

treating water from Borås city area, and suburbs Dalsjöfors, Målsryd, Gånghester, Borgstena, Fristad, 

Sparsör, Frufällan, Sandhult, Ekås, Sandared and Sjömarken. There are other small treatment plants in 

suburbs such as Aplared, Bogryd, Bredared, Dannike, Hedared, Rångedala and Äspered. Viskafors, 

Rydboholm, Svaneholm and Kinnarumma have Bogryd for sewage treatment.  

There are 4 digesters of 1500m
3
 each that digests sewage sludge in Gässlösa (Fransson, 2009). Grey 

water from household kitchens, industries, hospitals, schools and establishments form a part of the 

water for treatment. Storm water that is washed down roofs; water that mingles with asphalt on the 

roads are delivered for treatment by a separate network (MIljö, 2013).   

There are primarily 3 stages for treatment of waste water where it is mechanically, biologically and 

chemically treated. The sludge resulting after the sedimentation from every one of the 3 stages is sent 

to the biogas digester.  

The waste sludge from small treatment plants in the suburbs; sceptic tank sludge; fat and oils from 

hotels and restaurants are delivered in heavy vehicles to the Gässlösa treatment facility. These are 

discharged directly into the digester to produce biogas. The sludge that remains after the production of 

biogas in Gässlösa is used as manure for agriculture.  

Enriching or Upgrading Biogas to vehicle gas (Fordonsgas):  

Vehicle gas or Fordonsgas is a mixture of renewable biogas and non-renewable natural gas. The 

biogas produced is mixed with 34% natural gas (BEM, 2011) to meet the demands of Swedish biogas. 

The upgrading process at Gässlösa also includes washing the biogas in water scrubbers and increasing 

its pressure by passing it through pressure filters (Fransson, 2009). In this process of upgrading the 

methane content is increased to about 97% (Miljö, 2007a).  The carbon dioxide is reduced to about 

2% from 32-37% that was earlier present in the raw gas (Fransson, 2009). The share of biogas from 

Gässlösa, Sobacken and upgrading with natural gas (for the year 2011) to produce the desired vehicle 

gas is shown below in figure 2.8. 

  

 

 

 

                          

Figure 2.8 Biogas production share 2011 (Source: (BEM, 2011)) 
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Biogas (Vehicle gas) fuel stations in Borås:   

The vehicle gas in Sweden is sold by the name of “Fordonsgas”. There are 3 stations in Borås, owned 

by Borås Energi och Miljö that provide fordonsgas for private vehicles which are (Miljö, 2007b): 

 Åhaga (Trandögatan/Söderleden) 

 Hulta, Hultagatan 51 

 Gässlösavägen 38 on Göta 

There is a filling station for private vehicles in Regementsgatan which is owned by Fordonsgas 

Sverige AB (Fordonsgas, 2014).   

The filling stations at Gässlösa , Sobacken and Strömsdal are where the buses and garbage trucks are 

fuelled. Today 80% of the waste collection in the central area of Borås are carried out by vehicles 

driven on fordonsgas and 87% of the distance driven by buses in Borås are covered with fordonsgas 

(Miljö, 2014b). 

Consumption system and subsystems:  

The fordonsgas sold in 2012 and 2013 from fuel stations in Åhaga, Hulta and Göta in total 

(Miljöförvaltningen, 2014) are shown below in Figure 2.9:  

 

 

 

 

 

 

 

 

 

 

Figure 2.9 Biogas sold in Borås 2011-13(Source: Borås Energi och Miljö)  

It is required to be noted here that the graph denotes values for the biogas fractions in the fordonsgas. 

The actual fordonsgas sold in 2013 is 3261513 Nm
3
 the biogas share being               2299786 Nm

3
 

(Miljöförvaltningen, 2014).  

 

The quantity for the share of biogas in fordonsgas which was consumed in 2013 is sought from 

Miljöförvaltningen  and is described in two categories namely: 

  Private vehicles, light-heavy vehicles and minibuses 

 Company vehicles 

The quantities are reported below in table 2.10 on the basis of above mentioned categories; the 

organizations and companies that own the respective vehicles.  
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Organization/Company 
Quantity of Biogas 

consumed (Nm
3
) 

Private vehicles, light-heavy vehicles and minibuses 

AB Bostäder i Borås 
 

17304 

Fristadbostäder AB 1.3 

Borås Energi och Miljö AB 40265 

Borås Elnät AB 743 

Borås kommuns Parkerings AB 1939 

Förvaltningar leasade bilar 142973 

Company vehicles 

Borås Energi och Miljö AB 186358 

Borås Lokaltrafik AB 2002357 

Förvaltningar leasade bilar 2690 

Total biogas consumed 2394630.3 

Table 2.10 Biogas consumed in Borås 2013 (Source: Miljöförvaltningen, Borås 

Municipality) 

It can be seen that the total biogas consumed for the year 2013 from table 2.10 is 2394630.3 Nm
3
 

however the biogas reported sold for the same year is 2299786 Nm
3
. This difference can be attributed 

to the fact that the sold quantity of biogas pertains to fuel stations Åhaga, Hulta and Göta only. 

Gässlösa , Sobacken and Strömsdal however have been given a miss. Information was sought earlier 

from Borås Energi och MIljö that Gässlösa , Sobacken and Strömsdal stations catered to garbage 

trucks and buses. There could also be a scenario that these stations fuelled private vehicles as well.  

The sold quantities of biogas from figure 2.9 should well compensate the shared quantity of private 

vehicles and organizations owned private vehicles.  

The systems and sub-systems that participate to convert the categorized biomass (table 2.9) are 

schematically presented in Figure 2.10. The quantities of the flows in this diagram pertains to the year 

2011 provided by Borås Energi och Miljö (BEM, 2011); this describes the participation of the sewage 

treatment plant at Gässlösa and the biological treatment at Sobacken.  It is to be noted that the refuse 

from the digester tanks which are distributed as manure has not been accounted for and is considered 

outside the system boundary.  

The figure also shows the contribution of compressed natural gas to work towards the enriching of the 

raw biogas to produce the vehicle gas (fordonsgas). The end consumption of this fordonsgas has been 

distributed across various transportation sub-systems, the quantities for which is provided by Borås 

Energi och Miljö (BEM, 2011). It should be noted that the share of biogas consumption as shown in 

table 2.10 pertains to the year 2013 and mainly focusses on the public limited companies and 

government departments; this information is for a different year and the same detailed statistics was 

not available for 2011 from Miljöförvaltningen.  

The quantities of the bags and packaging refuse from the presser machines that are diverted to the 

CHP is not available, but it is well known that such a diversion exists in the production facility at 

Sobacken. 
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Figure 2.10 Flow of biomass to biogas production system and consumption sub -systems   
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2.7 Flow of biomass in blended transportation fuels 

The flows of biological waste into the biogas production system and the consumption of enriched 

fordonsgas in the respective subsystems were discussed earlier. The following discussion is about the 

consumption of renewable fuel for transportation across various road transportation sub-systems. The 

renewable fuel accounted for in these flows is the share of Ethanol and/or FAME, RME which are 

blended in petrol and diesel respectively. Apart from the blended fractions the consumed quantities of 

E85 are also presented for Borås municipality.  

2.7.1 Categorizing the flow material   

The categorization of biomass for this flow is motivated by the market survey to determine the sold 

quantities of transportation fuel for 2013. The information received from fuel stations pertain to a 

certain popular blend of fuels; petrol -E95,E98, diesel and E85.  

Preliminary survey – significant fuel types: 

Figure 2.11 Delivered transportation fuel in Swden 2008 -13 (Source: Self-

illustrated with data from Svenska Petroleum & Biodrivmedel Institutet) 

(Institutet, 2014a) 

Figure 2.11 illustrates the share of total non-renewable and blended fuels that were delivered in 

Sweden over the past 5 years. It is to be noted that this figure does not give any information on the 

consumption of any particular fuel consumed by specific fuel stations, but helps to characterize the 

most popular blends of fuel sold in Sweden. The figure also provides a trend in the fuel types 

delivered; as of 2013 it can be seen that 5% blended diesel has risen to the highest share owing to its 

fuel economy and higher engine life (HowStuffWorks.com, 2010). This is followed by 5% blended 

petrol, volume of which has continuously reduced from 2010. Unblended diesel has maintained a 

share over the years.  The delivery of E85 has reduced in 2013 from 2012 but is still steady. Hence the 

flow of blended petrol, blended diesel and E85 is covered in this study.  
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Preliminary survey – companies selling transportation fuels:  

To determine the incoming quantities of fuel within the municipality, the sold quantities of fuel had to 

be known. There are other statistical sources that reveal the consumption by different city sub-systems 

such as for certain activities; published by Statistiska Centralbyrån. Miljöförvaltningen has taken a 

count of the renewable and non-renewable transportation fuels used by the city sub-systems as well. 

But it was most needed to know the quantity of “wood in” or the categorized fuels totally sold in the 

municipality. It was for this reason that a preliminary search to determine the most popular or highly 

distributed fuel stations (of certain companies) was made, the result of which is figure 2.12. It was 

assumed that this share should reflect on the local level as well, following which an internet search 

yielded the number of stations and the corresponding companies that could be surveyed in Borås. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.12 Share of total fuel stations per company in Swede, 2013 (Source: 

Self-illustrated with data from Svenska Petroleum & Biodrivmedel Institutet)  

(Institutet, 2014b) 

Market survey – fuel stations surveyed in Borås:  

After the preliminary surveys and an internet survey to determine the fuel stations in Borås 

municipality to be surveyed the following companies were contacted for their sold quantities of 

categorized fuel:  

Companies surveyed Number of fuel stations in Borås 

Statoil, Jet 4 

Preem 4 

OK-Q8 1 

Volvo 2 

Paroy 1 

Table 2.11 Fuel stations surveyed for fuel sold i n 2013 

It is important to note that vehicles from another municipality can still access the fuel stations in the 

Borås municipality. But this will count in the quantities received regarding the fuel sold from the 

market survey for these stations. It is only fair to assume that there will be as many vehicles from 

Borås even less or more, who access fuel stations outside in other municipalities.  
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2.7.2 Systems and sub-systems participating in the flow  

There are mainly 2 main systems to consider in the flow of transportation fuel. The first is the sub-

system of fuel stations that dispense fuel to the commuters and transport vehicles; for this the total 

quantity of fuel categories sold is considered totally. The second main system is the consumption 

system for which the sub-systems are determined from statistical sources such as Statsitiska 

Centralbyrån which provides a total estimate of the consumed fuels though not later than 2011.  

Miljöförvaltningen which is a government agency responsible for the regional environment and 

energy computations provides the consumed fuel shares for other government offices and public 

limited companies in the municipality boundary.  

The transfer of fuel into the municipality is not considered within the system boundary, the dispensing 

at local fuel stations being the starting point. The system boundary of the flow ends with the 

consumption by different consumption sub-systems only resultant of which are emissions which are 

not calculated in this study.  

The table 2.12 below is a tabulation of the transportation fuels sold in total by all the surveyed fuel 

stations. The corresponding share of renewable fuels blended in them has been calculated with 

considerations mentioned within. Considerations for ethanol blend in petrol over seasonal variations 

have been made; considerations are made according to those published by Svenska Petroleum & 

Biodrivmedel Institutet. 

WOOD IN :  
FROM MARKET SURVEY (information relevant for 2013) : Quantities in Litres of Vehicle Fuel 
subdivided into Petrol, Diesel and Ethanol with considerations explained 

Quantities of petrol and blended ethanol Quantities of diesel and blended RME/FAME 

Total PETROL 
95,98 sold in 
Litres 

Petrol 
quantity 95% 
by volume in 
Litres* 

Ethanol 
blended 5% in 
95,98  Petrol* 

Total Diesel 
sold in Litres 
(upto 5% 
biofuel) 

Diesel 
quantity 95% 
by volume in 
Litres 

RME/FAME 
in Diesel 
(5%) in Litres 

41392650 39323000 2069650 55000115 52250110 2750006 

Total E85 
sold in Litres 
(summer- 6 
months) 

Petrol 
quantity 15% 
by volume in 
Litres 

Ethanol 
blended 85% 

  

    

1015720 152358 863362       

Total E85 
sold in Litres 
(winter- 6 
months) 

Petrol 
quantity 25% 
by volume in 
Litres 

Ethanol 
blended 75% 

      

1015720 253930 761790       

  

Total Petrol  
in Litres 

Total Ethanol 
in Litres   

Total Diesel 
in Litres 

Total 
RME/FAME 
in Litres 

  39729288 3694802   52250110 2750006 

* 95,98 Octane petrol by environmental regulations is blended with 5% by vol. Ethanol. The 
sold petrol quantity has been divided into the respective blended fuels. This is the same for 
Blended Diesel and E85. Fuel stations surveyed in Borås were: STATOIL, JET, PREEM, OK 

Q8, VOLVO and PAROY. Bio-Diesel blends with over 20% renewable fuel have not been 
considered in this case. (This list is excluding biogas/fordonsgas) 

Table 2.12 Sold volume of Petrol, diesel, E85 and the corresponding share of 

renewable fuels blended in  them.  
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Organization/Company 
Petrol consumed 

(litres) 

Blended ethanol in 

petrol -5% (litres) 

Quantity of diesel 

consumed (litres) 

Blended RME/FAME 

in diesel -5% (litres) 

Quantity of E85 

consumed (litres) 

Private vehicles, light-heavy vehicles and minibuses 

AB Bostäder i Borås 
 

500 25 6500 325 200 

Fristadbostäder AB 400 20 1600 80  

Viskaforshem AB   500 25 400 

Borås Energi och Miljö AB 2744 137 6265 313 265 

Borås Elnät AB 1600 80 22500 1125  

Borås kommuns Parkerings AB 4000 200     

Borås Lokaltrafik AB 3390 169 760 38  

Borås Djurpark AB 668 33 1900 95 2300 

Inkubator i Borås AB 1860 93    

Utbildningsförvaltningen 3000 150 700 35  

Förvaltningar leasade bilar 157000 7850 205800 10290 7130 

Company vehicles 

Fristadbostäder AB 200 10 2100 105  

Borås Djurpark AB 3392 169 14522 726  

Utbildningsförvaltningen 430 21 430 21.5  

AB Bostäder i Borås   26200 1310  

Borås Energi och Miljö AB   75400 3770  

Borås Elnät AB   14460 723  

Borås Lokaltrafik AB   75200 3760  

Inkubator i Borås AB   3280 164  

Kulturförvaltningen   1100 55  

Förvaltningar leasade bilar   173000 8650  

Total fuel consumed (litres) 183206 8959 1017909 31610 10295 

Table 2.13 Total consumed quanti ties of petrol, diesel, E85 and blended renewable fuels , 2013 (Source: Miljöförvaltningen)
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Table 2.13 provides the consumption of petrol, diesel, E85 and blended quantities of ethanol in petrol 

for 2013. This data pertains to the transportation fuels consumed by public sector companies and 

government organizations; it is to be noted that this to this is independent of the share of fordonsgas 

(vehicle gas) consumed by the same sectors as reported in table 2.10. Data for earlier years was not 

available from Miljöförvaltningen.  

Transportation fuel – End consumption (Statistiska Centralbyrån):  

The SCB has reported the fuel statistics as non-renewable and renewable liquids. The renewable 

liquid fraction contains the low blend of ethanol in petrol, diesel and consumption of E85 fuel. The 

non-renewable fractions are the petrol and diesel exclusive of their blended renewable counterparts 

(Energimyndigheten, 2011b).  The values have been interpreted in litres converted from the energy 

equivalent units it was published originally.  

The following table 2.14 gives the share renewable fuels consumed by consumption sub-systems (SNI 

2007) by Statistiska Centralbyrån. The figures pertain to year 2011, which is the most recent available 

but the trends in consumption can be interpreted from this if collated with average statistics of 

Sweden’s fuel consumption from Svenska Petroleum & Biodrivmedel Institutet (figure 2.11).  

The sources for the information summarized in table 2.14 are : SOURCE 1 – Statistiska Centralbyrån 

, SOURCE 2 – Market survey, SOURCE 3 - Svenska Petroleum & Biodrivmedel Institutet 

End consumption system and its 

subsystems 

Non-renewable 

liquid fuels 

consumed – Petrol 

+Diesel (Litres)  

Renewable liquid fuels 

consumed;         blended 

ethanol, FAME/RME 

+E85 (Litres) 

Agriculture, forest and fisheries 565140 27630.7 

Industries and construction work 5927200 117785.9 

Household 585750 0 

Transport 83742500 8074179 

Other services 2276850 0 

Public departments  1231960 0 

Total consumed (litres) in 2011 by 

sub-systems  - SOURCE 1 

102549000 8219595 

Total sold (litres) in Borås according 

to the market survey conducted for 

2013 – SOURCE 2 

91979400 6444800 

Percentage reduction in 

consumption from 2011 to 2013 for 

Borås 

7.62% 21.59% 

Percentage reduction in delivered 

fuel from 2011 to 2013 for Sweden 

(reference Figure 2.11) -  SOURCE 3 

4.25% 6.72% 

Table 2.14 Comparison of consumed fuels in 2013 to 2011 (Source: SCB, Market 

survey and Svenska Petroleum & Biodrivmedel Institutet)  
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The calculations for comparison of consumption of fuels between 2011 and 2013 have been carried 

out in the basis of a few assumptions which are:  

 The consumption sub-systems are representative of most of the city systems considering 

sectorial and private vehicle consumption of fuels.  

 The statistics provided by SCB were given in the format of non-renewable liquid fuels which 

includes petrol, diesel and fuel oil according to the KOMOLJ survey they conducted for 2011. 

The share of petrol, diesel or fuel oil from the total amount cannot be derived. Therefore there 

could be unnecessary fuel quantity that has been counted.  

 SCB has reported that there is a possibility that the fuel was bought to be stored and not 

immediately used as well. A similar situation could also be possible for the market survey 

scenario.  

 The SCB fuels also include the fuel consumed by trains, fuel delivered to the fuel stations for 

refilling the city vehicles.  

 The sold fuels computed for 2013 from the market survey contain petrol, diesel and E85 as 

mentioned earlier.  It has been assumed that all the sold quantity is used up in Borås and that 

the fuel consumption reported in table 2.13 is inclusive in the quantity sold. This means that 

vehicles from public limited companies and government organizations (refer table 2.13) use 

the same fuel stations for which market survey was conducted.  

 The S.P.B.I statistics have provided a separate estimate each for petrol, diesel with and 

without blend (5% renewable fuel); the quantity of E85 has also been reported for the 

corresponding years. S.P.B.I has been particular to mention like SCB that the fuel quantities 

are delivered, and it is hard to point out if it is being consumed by any specific sector. It is 

ascertained that the quantities pertain to road transportation fuels only.  

From expert advice it has been understood that the steady decrease in fuel consumption is due to the 

prevailing recession where fuel prices have hiked over the years. Another reason for the reduced fuel 

consumption can be attributed to the increased use of fordonsgas in Borås.  

Further discussion on the relevance of the data is done in Chapter 3 – Data validation. 
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3. Results - Data Validation  
Here is presented a critical evaluation of the data sought for the flows across different city systems 

and sub-systems. As listed earlier, there are different sources that in parallel provide information 

regarding the flow and quantity of categorized biomass at the regional municipal level. The 

information has also been interpreted in different ways to suit the needs of the flow such as; restricting 

it to the system boundary established, converting quantity units and so on. After discussion with 

experts here are listed some parameters that could validate the relevance of the data.   

3.1 Parameters to validate data  

 Missing data 

 System boundary considerations : Estimations and Assumptions  

 Mismatching data 

 Representative sampling - (about the data sources – comments on the samples that they have 

surveyed ; Market survey samples)  

 Wrong time period – mismatch in the time periods of when data was received for flows in 

different systems  

 Conversion accuracy – continuous conversion of quantity to energy and vice-versa could lead 

the data to be inaccurate.  

 Bias – Bias by data sources towards reporting data of some aspect of the system.  

 Conflicting data – same data from different sources but it is conflicting for some reason – 

explain with respect to system under consideration  

 Traceability by a well-established methodology  

Presented in the following chapters is a validation of each flow based on the above mentioned 

parameters. It must be borne in mind that they parameters need not follow the order in which they 

have been listed above, only the parameters relevant to the nature of the data and source are 

considered.  

3.2 Validation: Paper and paper products flow  

3.2.1 Estimations and assumptions:  

 According to the established system boundary, it was conceived that finished paper and paper 

products are delivered and consumed in the municipality. And it was established that the 

incoming paper and paper products are a reflection of the consumption. As it was in the given 

period of time difficult to physically trace the flow of paper and paper products, the average 

per-capita consumption for Sweden (for the year 2009) was taken as a starting point. The 

average need not hold true for each part of the country, but this was re-checked with the waste 

collection statistics to reveal that there was only a minor 3.5% difference between the 

collected and consumed newspaper quantities for the year 2009.  

 The evaluation of a Borås inhabitant’s participation in sorting at source (Rousta, 2011) 

pertains to 3 suburbs in the municipality; leads to estimate that 18% of the combustible waste 

is composed of categorized paper and paper products requiring to be recycled. As the 

occurrence of this scenario could not be generalized for the entire quantum of waste it has 

been treated as a conditional flow but with a constant quantity of 18% as surveyed in that 

study.   
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3.2.2 Conflicting data:  

 There is conflicting data regarding the quantity of newspaper collected for recycling. There 

are 3 sources that provide different values for the newspaper quantities collected for the year 

2009-10.  

o Source 1: It was reported that the newspaper collected in recycling stations is 4886 

tons for the year 2009 (BoråsStad, 2009).  

o Source 2: According to the Swedish Environmental Protection Agency 

(Naturvardsverket) about 91% of the consumed newspapers are recycled – this 

amounts to 4289 tons of consumed 4713 tons.  

o Source 3: FTI provides a per-capita collection figures as 47.69 kg per person as 

opposed to the consumption figures which is 46 kg per person (Skogsindustrierna, 

2010).  

3.2.3 Missing data:  

 The collection data for waste printing and writing paper is missing from the reported 

municipal data (BoråsStad, 2009).  This could be because printing and writing paper does not 

fall under the category of producer responsible materials which is generally accounted for.  

 The quantity for collected printing paper is estimated at 76% of the total consumed printing 

paper, information source being Naturvardsverket.  

3.2.4 Bias:  

 While going through the process of gathering data over the collection statistics of paper and 

paper products it was inferred that there was a certain bias, which can be attributed to the 

following: 

o Collection statistics were available only for producer responsible materials. This has 

also been discussed in the heading above – missing data.  

o These collections statistics on producer responsible materials primarily pertains to 

newspapers and packaging materials (P1,P4, P5)  

o Though the consumption statistics (refer Figure 2.3, table 2.3) gives a very elaborate 

categorization, the collection statistics focusses only on newspaper and packaging.  

3.2.5 Traceability  

This parameter attributes to being able to trace about the process or approach of the information 

source.  

 The per-capita consumption statistics published by Skogsindustrierna cannot be traced back 

for its methodology. So it is difficult to say how the average per-capita paper consumption 

was realized for Sweden.  

 The collection statistics published by FTI could be traced back to the received newspaper and 

packaging quantities at the municipality’s recycling stations.  

 The occurrence of paper-waste in combustible house-hold waste as determined by the 

research on sorting behaviour for Borås   (Rousta, 2011), can be traced back to the 

methodology of sampling suburbs, housing complexes for evaluation;  therefore their result 

can be considered relevant.  
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3.3 Validation: Construction and Fuel wood  

 3.3.1 Estimations and assumptions 

 Wood In:  

o The quantity of construction and fuel wood for 2013 gathered from the market survey is 

assumed to be the one incoming source for this biomass into the system boundary of this 

study.   

o The sold construction wood consisted of impregnated wood panels, floor panels or wood 

fitting renovation requirements. In a lot of cases lump sum of wood sold from companies 

was gathered, the properties or use of which were not known. It has been assumed that 

this served the construction requirements of wood. Although there are building projects in 

Fristad (Bygg, 2014) that focus on wood frames construction, it was difficult to survey 

these quantities in the given time; hence it is considered outside the bounds of this study.  

o As it could not be verified if a fraction of the fuel wood quantity accrued from the market 

survey was used for CHP and independent heating plants; it is assumed that there are 

additional entry points to the fuel wood flow. It was further gathered that the fuel wood 

used in biomass boilers for CHP were delivered by 3 consistent suppliers apart from 

forest owners who also supplied fuel wood (Johansson, 2013).  

o The fuel wood consumed by independent heating plants opens another gateway for the 

entry of fuel wood into the system boundary. This is again treated as an independent 

source due to the lack of knowledge on the delivered source also the reticence of the 

companies questioned in the market survey.  

o It must be noted that because the actual fuel wood deliverers for CHP and independent 

heating plants are not known, there could arise a duplication of Wood in quantities. But 

if further information is available on the deliverers, this uncertainty can be avoided.  

 Fate of waste construction wood:  

o The construction waste collected in recycling stations is a part of the heavy household 

waste disposed by residents (BEM, 2011). It is assumed that the quantity of construction 

wood sold (from the market survey) is bought by the residents as compared to large 

construction companies. The resulting waste of renovation was thereby disposed in the 

recycling stations. From discussions with Derome (a building company that primarily 

focusses on wood construction) the wood waste is used as fuel wood and is sent to saw 

mills to be processed into wood chips or pellets, hence if the CHP is powered by waste 

construction wood in wood boilers it must come from the sawmills where it was re-

processed.  

o The waste construction wood collected from recycling stations is always not a consistent 

quantity; the figures taken in this study pertain only to year 2011. It has been understood 

otherwise that combustion of the wood waste is only a method of safe disposal, and there 

need not always be a reserved sum of waste wood to fuel the waste boilers.  

 Wood used in residential heating: 

o The data from Statistiska Centralbyrån reporting the regional fuel wood consumption 

statistics, only reported the energy content of the fuel wood and not its properties. It was 

difficult to identify if the wood were in the form of pellets, logs or briquettes. It was 

generally assumed in this case that the households had pellet burners and hence leading to 

assume the energy density of pellets to convert the energy equivalents to weight.  

3.3.2 Wrong time periods – Mismatching in time periods  

A description of the time periods of different data in the construction and fuel wood flow is below in 

table 3.1.  
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System or sub-systems Data source 
Period that the 

data pertains to 

Wood in – sold fuel and construction 

wood 
Market survey 2013 

Consumption sub-systems 
Statistiska Centralbyrån, 

Miljöförvaltningen 
2011 

Fuel wood consumed in biomass 

boilers in CHP 

Sources: Swedish district heating 

association, Borås Energi och 

Miljö 
2012 

Fuel wood consumed in independent 

heating plant - Fristad 

Swedish district heating 

association 
2013 

Fuel wood consumed in independent 

heating plants for Borås municipality 
Statistiska Centralbyrån 2011 

Wood out – waste wood consumed by 

the waste boilers in CHP 
Borås Energi och Miljö 2011 

Table 3.1 List of mismatching time periods for gathered data –  Flows for 

construction and fuel wood 

3.3.3 Market survey - Representative sampling & Approach   

The market survey conducted to quantify the sold construction and fuel wood is discussed here for the 

sampled surveyed companies in Borås municipality. The area of the municipality of Borås is about 

973km
2
 ((Stadskansliet), 2014) and it seemed physically feasible in this study, to survey most of the 

companies that sold construction and fuel wood. An initial survey on the internet helped to determine 

the most popular dealers, this was also determined as a result of discussions with experts and people 

of the city. It is common here in Sweden that dealers who sell construction wood for renovation 

purposes also sell fuel wood such as pellets or wooden logs and so on; for residential heating.  

Initially, the idea was to include all kinds of wood used in construction for which construction firms 

were planned to be approached.  A brief discussion ensued with Wäst Bygg AB; this is a leading 

construction firm in Borås, having built a lot of commercial, residential and public buildings. When 

asked for the wood consumption in construction, the engineers reported that building construction was 

mainly with concrete and that wood formed the interior elements of construction. Hence it was 

decided that construction wood for renovation be surveyed.  

From the preliminary survey the following companies were listed to be surveyed: XL Norrby Trä, 

Holgersstug material, Bygg max, Beijer bygg, Fristad bygg and so on (surveyed company list in 

Appendix). The companies did not respond very well to phone conversations and the questions 

regarding quantities of sold construction and fuel wood only intimidated them, and there was negative 

response. It was after this that it was decided that the companies had to be approached in person.  

During the meeting with company representatives at their shops, a brief presentation was given and 

the objective of the study was explained in short. As it was presumed that the time spent in the shops 

had to be short so as to cover the entire selected samples, a simple presentation of the study was 

prepared as hand-outs with appropriate questions attached to them. The companies and shops 

expected that a strict decorum of privacy be maintained regarding their sales figures, which has been 

strictly ensured.  While surveying certain companies, it so happened that the employees took out their 

time to explain- the potential customers for a certain products and if they had a contract to supply for 

a certain customer or company or so on.  
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 Companies were also approached later by email after a phone conversation, or through established 

contacts. The presentation containing the study objectives and questions were sent to the companies, 

which was appreciated and well received.  

It was quite difficult in the allotted time of survey to get an elaborate list of sold products and their 

quantities and often companies reported their sales figures as construction wood; pellets and 

briquettes as fuel wood. Hence the results were often generalized and the treatment of the data was 

thereby characterized by generalized assumptions. For instance it was assumed, as stated earlier in the 

flow of fuel and construction wood heading that all the construction wood was assumed to be pine and 

spruce wood.  

The quantities in a lot of cases were received in volume instead of weight and conversions were made 

on the basis of density for a generalized wood material, which was spruce and pine in this case.  

Companies that specifically mentioned that they sold impregnated wood or chemically treated wood, 

it was accepted so. Some companies reported their quantities largely as construction wood, and it was 

assumed that this wood underwent no chemical treatment. This is important to justify as the 

chemically treated wood are generally used for out-door construction and has different properties. 

There could exist in the surveyed data some duplication as some companies buy from sawmills in and 

around Borås, especially the one surveyed sawmill VIDA in Borgstena. It was gathered that Beijer 

Bygg purchased their fuel wood from the sawmill, hence Beijer bygg was later not considered in the 

sample for surveying, and the total sold quantities from VIDA were considered. Some companies did 

not share such information hence if there is some duplication; it is inevitable and could only be 

identified by close deliberation with companies. The survey was made much simpler when the 

company Agrol pellets provided the sold quantities according to the postal codes pertaining to the 

municipality. As the list was quite extended it was difficult to point out large organizations, offices or 

houses that purchased pellets whole-sale. Given the time restriction and the scope of the study it was 

difficult to delve any further into this.  

Despite these challenges the market survey yielded a broad perspective of the wood consumption for 

renovation and fuel wood. Despite the presence of district heating provided by Borås Energi och 

Miljö, there are a considerable number of residential establishments that still rely on wood fired or oil 

heaters for residential heating.  

3.3.4 Conversion accuracy  

 The values for fuel wood consumed in district heating reported by Statistiska Centralbyrån 

and the Swedish district heating association were in energy equivalents – MWh or GWh. 

While trying to quantify the fuel wood consumed for CHP in Ryaverket, it was difficult to 

categorize the wood as forest fuel or recycled, processed wood waste such as pellets, sawdust 

or bark.  

 A categorization of the fuel wood consumed in CHP was available from the Swedish district 

heating association; as unrefined and refined wood fuel. The unrefined wood consisted 

basically of GROT and the processed wood composed of pellets and briquettes. The energy 

density of pellets and briquettes was assumed to be 4.8kWh/ton (Svebio, 2014).  

 A secondary source had reported the yearly consumption of fuel wood for wood fired boilers 

in Ryaverket -CHP in terms of volume for 2012. In this case it was inferred from Borås 

Energi och Miljö website that 1m
3
 of wood fuel constituted 350kg (AB, 2014).  This is 

considered first-hand information as it was from a very reliable source.  

 The sold quantities of construction and fuel wood which were reported in terms of volume 

was converted using the following indexes:  
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o Density of pine wood = 450-500 kg/m
3
 (Träguiden, 2006)

 
, a convenient average was 

taken for this interval 

o Density of spruce wood = 500-550 kg/m
3
 (Träguiden, 2006) 

o Pressure impregnated wood = 600-650 kg/m
3
 (Träguiden, 2006)  

o In a lot of cases the companies reported that the wood was either pine or spruce in 

which case an average density of 525 kg/m
3
 was assumed.  

3.3.5 Bias- towards categorizing the fuel and construction wood  

 To be able to produce complete flows of fuel and construction wood, the differences in the 

products of construction wood was overlooked and they were categorized broadly as 

impregnated wood and construction wood (RT1, RT2).  

 The un-refined fuel wood occurs as GROT, bark, sawdust, stem dust and so on but they have 

been broadly categorized as un-refined fuel wood (OF1).  

3.3.6 Missing data  

 While trying to accrue data over end consumption of fuel wood from Statistiska Centralbyrån 

(Energimyndigheten, 2011b), it was found that data was only available for the household sub-

system and the corresponding numbers for the other sub-systems were missing.  

 A solution was arrived at by Miljöförvaltningen, who had discussed the regional consumption 

of fuel wood with SCB after which had a lump sum assigned to the rest of the sub-systems 

together.  

3.3.7 Traceability  

 Data from Statistiska Centralbyrån (Centralbyrån, 2011) 

The data from Statistiska Centralbyrån for fuels consumed in CHP and end-user consumption 

were carried out by special surveys. The following are the municipal level surveys that 

contributed to SCB’s data collection.  

o AREL survey – district heating: The data on district heating was retrieved from 'Annual 

energy statistics - electricity, gas and district heating' (AREL) survey, but reported by SCB. 

Producers of district heating specified the supply of heat to the municipality. Measurement 

errors can exist when the municipalities have reported wrong information.   

o AREL survey – electricity: The survey retrieved data from the electricity network that 

specified the delivered electricity municipality wise. The difficulty in producing a 

municipality-wise separation of delivered electricity is challenging and measurement errors 

can result from this.  

o SCB has reported that the outcome of the AREL survey has not been appreciable, and hence 

steps are being taken to make a stage-wise improvement in delivering municipal level 

statistics.  

o Single family house survey: This survey has been carried out every year for all the regions 

and municipalities in Sweden following a single kind of template. The template has gone 

through some changes over the years from 2003 till 2010, so as to accommodate the 

changing trends of fuels and municipality policy updates. These results are not fully accurate 

and depend largely on the sample size that participated in this survey. The larger the samples 

the more accurate are the result, but it needs to be taken into consideration that every 

municipality differs in its consumption patterns. Hence this is more of estimation.  

 Data from Miljöförvaltningen (Environmental Management)   

Miljöförvaltningen’s approach towards data collection was known after a discussion with the 

energy advisor of the Borås municipality. The data from Miljöförvaltningen is primarily 

based on the regional statistics from SCB. Apart from this the energy data for the 
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municipality is also gathered at a very local level. This is done by preparing a survey 

questionnaire for the companies which are generally excel sheet templates (public limited 

companies) and government offices to fill. The district heating and electricity consumed by 

the government offices is attended to by the Lokalförsörjning (Maintenance department). 

Miljöförvaltningen mainly focusses on the carbon emissions resulting from processes 

including that of emissions from vehicles. Their approach towards calculating the 

transportation fuel consumed is later discussed in heading 3.4.  

But it can be inferred that this department is well informed of the district heating and 

electricity produced and consumed; though the quantity of fuel wood consumed by the 

houses for residential heating is difficult for them to quantify. They rely on the regional and 

municipal level surveys conducted by SCB to provide data on this regard.  

3.4 Validation: Production and consumption of biogas  

3.4.1 Estimations and assumptions 

 The quantity of natural gas added to the raw biogas to produce the vehicle gas (fordonsgas) 

has been arrived at by the percentage constitution  of 34% of fordonsgas; provided for 2011 

by Borås Energi och Miljö (BEM, 2011).  

 The total biogas (as a part of the vehicles gas) sold for the years 2011-13 as shown in figure 

2.9 is assumed to be the total produced biogas; the production and consumption flows for this 

quantity has been elaborated in the flow diagram figure 2.10. This quantity however pertains 

to the sold biogas from 3 stations only; the biogas fraction of the fordonsgas sold from the 

remaining stations is not available.  

 The quantity of sewage and storm water has not been taken into consideration; thereby it is 

clarified that the system of sewage water treatment is not fully considered. Only the sub-

systems that contribute to production of biogas is considered.  

3.4.2 Missing data:  

 For the year 2011, the quantity of refuse (bags and packaging) from household biological 

waste after pre-treatment that was directed towards combustion, is missing.  

3.4.3 Conflicting data:  

 It has been observed that only the sold biogas has been declared as produced. This seems 

conflicting that is the biogas produced to meet an established demand for fuel; or is there any 

remaining biogas in the stations that is accounted for the next year.  

 The biogas consumed as reported by Miljöförvaltningen for 2013 (table 2.10) is more than the 

biogas reported sold for 2013 (figure 2.9). This could be because the sold biogas statistics 

reports only 3 stations and the remaining fuel which was reported consumed was filled from 

other stations in the municipality.   
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3.5 Validation: Blended transportation fuels  

3.5.1 Estimations and assumptions:  

 Liquid transportation fuels assumed for this study are petrol blended with 5% ethanol 

(E95,98), diesel blended with 5% FAME/RME and E85 (85% ethanol). There are other 

blends in diesel which have been neglected from this study as the quantities received from the 

market survey pertained largely to the considered 3 fuel types.  

 Transportation fuel has been assumed only for road transport vehicles.  

 It has also been assumed that the incoming fuel (Wood in) into the system boundary is only 

through the surveyed fuel stations. Therefore even the fuel consumption is related to the 

surveyed stations. This has resulted in some conflicting results when compared with other 

data sources. But it is established that the market survey stands for real time data and is truly 

representative of the incoming transportation fuel.  

 From common knowledge it was deduced that there are no fuel production industries within 

the system boundary and that all the fuel is imported inside. The fuel consumed for importing 

fuel is not considered.  

 According to SPBI, E85 is considered to contain 85% ethanol and 15% petrol in summer; 

75% ethanol and 25% petrol in winter. The larger share of petrol in the winter season is to 

enable easy ignition.  

3.5.2 Conversion accuracy 

 Some fuel quantities were reported in m
3
 in the market survey, they have been converted to 

litre by multiplying 1000.  (1m
3
=1000 litres) 

 SCB has reported fuel statistics as both renewable and non-renewable liquids. The non-

renewable liquids are fuel oil, petrol and diesel without their respective renewable blends. The 

numbers have been reported in MWh and have been converted to litres by assuming an 

average energy density of 34.2 MJ/L for non-renewable fuels; 22.8 MJ/L for renewable fuels. 

The values of renewable fuel have in turn been reported as a combined quantity of petrol and 

diesel.   

3.5.3 Mismatching in time periods 

The following are the different data sources and the corresponding time periods that they pertain to, 

table 3.2 also lists the mismatch in time periods.   

System or sub-systems Data source 
Period that the 

data pertains to 

Wood in – sold transportation fuel Market survey 2013 

Consumption sub-systems Statistiska Centralbyrån,  2011 

Consumption sub-systems (Public 

limited companies and government 

offices) 

Miljöförvaltningen 2013 

Table 3.2 List of mismatching time periods for gathered data –  Flows for 

blended transportation fuel  

3.5.4 Representative sampling 

Most of the fuel stations in the municipality were surveyed either in person or by receiving a lump 

sum sold quantity from the respective companies via correspondence through email. St1 stations that 

were un-manned were however left out.  
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3.5.5 Traceability:  

 Statistiska Centralbyrån – End consumption 2011(Centralbyrån, 2011):  

o The KOMOLJ was a survey undertaken at a municipal level to determine the blended petrol, 

diesel and fuel oil consumed in the end consumption sectors (SNI 2007). This does not 

include industries but includes a part of agriculture. SCB has explained that instances of 

wrongly reported data could be attributed to the fact of filling fuel while travelling from one 

municipality to another, storing fuel for future use and so on. The data for industrial 

consumption of fuels has been covered by the ISEN survey.  

o The liquid non-renewable quantities reported are petrol, diesel and fuel oil. The renewable 

quantities are the blended ethanol, FAME/RME and ethanol fractions in E85.  

 Miljöförvaltningen – consumption 2013:  

o The Servicekontoret or the Service Department for the Borås municipality is a fleet of cars 

that are used by government offices. The service department is responsible to communicate 

the fuel consumption to Miljöförvaltningen.  
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4. Discussions 

4.1 Symbiosis in Systems  

 The concept of symbiosis surfaces when the flows of production of biogas were studied. From figure 

4.1 it can be seen that digested biological waste from Sobacken waste handling facility, sewage sludge 

and septic waste in Gässlösa produce biogas. The biogas is then transported 8km to Gässlösa from 

Sobacken to be enriched to result as vehicle gas or fordonsgas. The symbiosis can be seen in the fact 

that an enriching facility is shared by two different systems vis-a-vis the waste management system 

and the sewage treatment system. The only common denominator in both systems is the sub-system 

containing digesters. As mentioned before Gässlösa produces 15% and Sobacken 51% of the total 

vehicle gas. These systems have their own primary purpose such as waste treatment and water 

treatment; but they have made it feasible to utilize the resource potential of the waste to the fullest; 

this further highlights the approach of cascading use of resources.  
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Figure 4.1 Symbiosis between biological waste handling system and sewage 

treatment system 

4.2 Urban Metabolism  

Urban metabolism takes into consideration the consequences of certain socio-economic and 

technological systems in an urban environment, over a larger area outside the system boundary where 

a direct influence often cannot be envisaged. It is in this regard that the recycling factories present 

outside the municipality of Borås receive collected paper and packaging waste from the municipality, 

and in turn recover paper which is supplied to other municipalities or pulp mills in Sweden. This can 

be attributed to the collection system and the producer responsibility initiative. Considering that the 

prevailing collection rates are commendable, if further improvement is achieved there could be seen a 

larger impact over a larger area.  
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Similarly the manure produced as a residue from the digesters at Sobacken and Gässlösa is sold across 

Sweden as a replacement for artificial fertilizers. Of course the direct influence of the manure being 

made available outside the boundaries of the Borås municipality is a reflection of urban metabolism; 

the indirect influence of compensating the agricultural soils with biological nutrients as opposed to the 

contamination of soil and water by leached artificial fertilizers is a derivation of the urban metabolism 

principle.  

4.3 Cascading Approach to resources  

As reported by the Swedish District Heating Association, about 560 GWh of unrefined forest wood 

such as GROT, bark and stem dust is used in Ryaverket CHP. This shows that the step towards 

efficient resource recovery has been taken, where large amounts of forest residue are used to fuel the 

biomass boilers. This is also cost effective as the forest-owners have to clear of the forest residue 

anyway, to make place for new cultivation.  

4.4 Suggestions  

The following suggestions are made with the intent of making information retrieval easier to be able 

to produce more accurate flows for biomass:  

 The collection statistics for waste apart from producer responsible material must be made. 

About 50kg per-capita consumed printing-writing paper and packaging has not been 

accounted for in the collection statistics.  

 There could be established a separate residential heating association for each municipality to 

account for the wood used for residential heating. Sawmills that produce pellets and briquettes 

could be made members of this association so as to contribute their sales figures to this 

establishment. As about 40000 tons is the estimated quantity of wood fuel from 2011 used for 

residential heating.  

 SCB could refine their data presentation as they did for 2008 where the fuels consumed were 

explained in a more descriptive manner. They have now resorted to allocate the fuels as 

renewable and non-renewable liquids, solids and gas. This could be to secure the privacy of 

surveyed companies, but some solution should be sought to replace this allocation.  

4.5 Further research opportunities  

The concept of systems analysis is data intensive yet bountiful; figuratively speaking the more the 

digging more can be unearthed. There have been some missing flows that cover some essential 

systems in the city, which can be studied further if the data on flows is available. For instance 

construction wood can further be analysed now due to the construction of a multi-storeyed wood-

framed apartment in Fristad.  

 Finer research can be made on paper, taking into consideration the source of paper products 

and the destination for recycling; for the inflow and outflow of paper and paper products.  

 Statistiska Centralbyrån is going to update their statistics later this month, where regional 

energy statistics for later than 2011 will be made available.   

 A life cycle assessment can be done for a certain flow or flows; or even systems towards their 

utilization of biomass as a resource.  
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Biomass fuel  

Reed fuel Straw fuel Wood fuel 

Forest fuel 

Harvesting Residue 
(Branches & tops) 

Timber without 
industrial use  

Biproducts from 
industries 

Energy crops Recycled wood fuel 

Packaging 
timber 

Formwork 
Demolition 

wood 
Waste from new 

construction 

Waste paper Waste liquors etc. 

5. Appendix 
 

 

 

 

 

 

 

 

 

 

 

Figure1: Biomass fuels termed as per Swedish Standard SS 18 71 06 SIS (Source: Skogstyrelsen,2012)  
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List of companies surveyed in Market survey  

  

1. Agro Energi AB 

2. PREEM-Borås 

3. PREEM -Hultagatan 

(Manned) 

4. PREEM Göteborgsvgn. 

(Automatic) 

5. PREEM Von lingens vg. 

(Automatic) 

6. PREEM Brämhult 

(Automatic) 

7. VOLVO (Getäng) 

8. VOLVO (Hulta) 

9. OK-Q8 (Hulta.g) 

10. Holgers Stugmaterial AB 

11. XL Norrby Trä 

12. Fristad Bygg Material 

13. STATOIL 

14. Bygg Max 

15. Paroy 

16. Borgstena VIDA 
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Market survey presentation            
System Analysis of Wood Flow  
BORA S CITY        
A Maters Thesis by Madumita Sadagopan     
Supervised by Prof. Tobias Richards, Anita Pettersson    
Högskolan i Borås 
Contact: madumita.sadagopan@gmail.com ; 0704021202     

WOOD USED IN THE CITY  
Wood forms the basic component of most of the products that we consume today. Paper, furniture, 

cardboard boxes are some of the products of wood that we use. Sweden is one of the world’s largest 

producers of timber, so wood is used more than just the products shown in this figure below.  

 

 

 

 

 

 

 

 

 

Source: WWF, Forest and Wood Products 

Much of the district heating and a part of the Electricity is provided by Combined Heat & Power 

Plants such as Borås Energi & Miljö, where wood and waste is used as fuel. Wood is therefore a 

Renewable fuel because it forms lesser emissions on burning compared to fossil fuels. But there is a 

limited quantity of wood which has to be used wisely!  

  

 

mailto:madumita.sadagopan@gmail.com
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CITY SYSTEMS USING WOOD  
Wood is used in different Systems such as the Energy system to produce Heat and Electricity also the 

organic waste from households is used to produce Biogas which is the fuel for public bus 

transportation and some cars in this city. The figure below shows the Waste Collection & Treatment 

system that provides Biogas for the Transportation system.  

 

THIS RESEARCH AIMS AT 
 To find out the quantities of wood (lumber) consumed by the city for its Systems and Public.  

 To show how different Systems work together and share Energy and Wood Resources  

 To check if the existing Wood consumption in different sectors is sustainable, or should some 

changes be made?  

 

  

Waste is transported to Waste facilities  
to produce biogas

Biogas is enriched 
to be used 

as vehicle fuel

More than 50 buses are fuelled 
by Compressed BioGas

Sorted organic waste from 
houses are collected

Household Waste Collection 
System

Waste to Biogas System &    
Gas Enriching

Biogas fuel station

Transport System – Buses run 
on Biogas

Waste collection trucks
 run on Biogas 

Private and Service cars
run on biogas
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WOOD FLOWS IN DIFFERENT SYSTEMS 
The figure below shows how Wood or Biomass products used by the city and whether they are 

produced inside or outside Borås. The different systems using wood are also shown.  

 

 

 

 
 

 

 

 

 

 

 

HOW YOUR COMPANY CAN HELP THIS RESERACH 
Here are the following questions that I would like information on:  

1.  Quantities per year - of wood fractions in the household waste collected from- Recycling 

stations and centers (Återvinningstation, Återvinningcentral)  that is going for burning:  

o Construction wood waste such as impregnated wood, painted wood or others – 

quantity/year?  

o Heavy waste from households (Grovavfall) which is wood- quantity/year?  

o Is this wood waste burned in biomass boilers or waste boilers?  

 

2. Does the burned waste include 80% industrial and 20% household waste?  

o What are the quantities of industrial waste/ year (does it contain also construction 

waste)? What is this industrial waste mainly made of, and roughly what is the rough 

percentage of material composition?  

o What are the quantities of household waste (white bags) that is burned? What is the 

quantity of white and black bags per year?  

3. What is the wood quantity per year for burning in biomass boiler?  

Produced WITHIN Borås

PAPER & PAPER 
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CARPENTRY & 
JOINERY
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DISTRICT HEATING & 
ELECTRICITY
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HEATING
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NEW
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ADMINISTRATION OFFICES, OTHER 
SERVICES

O
U
T

WASTE – Biodegradable/Wood

WASTE HEAT/ENERGY 
emitted

IN

W
O
O
D 

F
R
O
M

F
O
R
E
S
T
S



 

56 

 

o What is the quantity of processed wood : pellets, woodchips, brickettes  

o What is the quantity of un-processed wood: GROT, sawdust, bark etc.  

 

4. I have conducted a market survey to find out the quantity of fuel-wood sold by companies and 

sawmills around Borås for the year 2013. The companies I surveyed were:   Borgstena VIDA, 

XL Norrby Trä, Agro Energi AB, Byggmax, Paroy, Fristad Byggmaterial, Holgers 

Stugmaterial AB.  

  

o Does Borås Energi och Miljö purchase wood fuel from any of these above companies, if 

so how much? For example, XL Norrby Trä during the survey reported that they sell 

wood to you, if so what is the quantity?  

o  According to a thesis by Sara Johansson from SLU, Uppsala in 2013 – She has reported 

that there are 3 main deliverers and other forest owners who sell their wood to Borås 

Energi. Could you please confirm to me if these are any of the companies on my 

surveyed list?  

  

ASSURANCE OF PRIVACY TO INFORMATION:  

o This information is only for confirmation that the surveyed companies have sold the 

wood only for residential heating and to other commercial buildings. So that there will 

not be duplication with the wood they sold to Borås Energi for district heating.  

o  The information from the market survey will be presented as a total quantity and there 

will be no direct relation between the surveyed companies and their data. This is an 

assurance to protect the secrecy of the information from the surveyed companies.  

 

HOW YOUR COMPANY CAN HELP THIS RESERACH 
To get an accurate result for the research it is necessary to know production of Heat, Electricity and 

Biogas. After having received quantity of fuel consumed from Miljöfakta 2011 (from document on 

your company website) and other thesis studies; I have the following questions to you:  

 What are the quantities of wood waste (Grovavfall) that is combusted per year? Are they 

combusted in the waste boiler or biomass boiler?  

 Is all the wood fuel bought from XL Norrby Trä or sawmills within Borås? 

 How many apartments and houses do you provide district heating and electricity to?  

 What is the biogas quantity sold in 2011 or 2013? The quantity of biogas produced has been 

identified from your website.  

 What is the general composition of combustible waste?  
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Expert Opinion 
1 
Discussions with research supervisor Prof. Tobias Richards, School of Engineering – University of 

Borås  

2
 Discussions with Logistics in-charge Ad Infinitum Recycling AB 

3
Discussions with companies during market survey  

Abbreviations  
GROT – Grännar och Toppar – Branches and Tops of trees 

LPG – Liquid Petroleum Gas 

CHP – Combined Heat and Power  

GWh- Giga Watt hour  

MWh- Mega Watt hour 

S.P.B.I - Svenska Petroleum & Biodrivmedel Institutet  
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SCB – Statistiska Centralbyrån  

FAME – Fatty Acid Methyl Ester 

RME – Rape Methyl Ester  


