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1 Abstract 

In this study the opportunities to recycle the phosphorus contained in 

food handling were identified in four municipalities in the county of 

Östergötland. The aim was to map the flow and find out whether there 

were differences between municipalities with food processing industries 

generating large amounts of waste or phosphorus rich wastewater, or if 

there were differences between municipalities of different size. It was 

also investigated to what extent the agricultural demand of phosphorus 

could be covered by recycling of phosphorus from the food handling 

system. The result showed that between 27% and 73% of the phosphorus 

was found in the sludge from wastewater treatment, and that between 

13% and 49% of the phosphorus was found in the centrally collected 

organic waste. This corresponded to 11% of the phosphorus demand on 

arable land in municipalities with food processing industries generating 

large amounts of waste or phosphorus rich wastewater, and 8% of the 

phosphorus demand on arable land in municipalities without such 

industries. 

2 Introduction 

Phosphorus is an essential nutrient for the human body. We ingest 

phosphorus via the food we eat. Phosphorus is therefore needed as input 

in the production of our food. Today the predominant part of the 

phosphorus used in crop production is extracted from rock, and is spread 

on arable land via chemical fertilizers. This means that the phosphorus 

we are using is a finite resource. The flow of phosphorus from the source, 

through the food system, and finally to the environment is today linear. 

The level of recycling the phosphorus already in the system is low. At the 

same time watercourses are very often eutrophied, which causes 

problems in the aquatic eco-system, due to nutrients leaching from arable 

land and discharges from sewage systems (Bernes, 2005). Back in time, 

nutrients were recycled locally to a much larger extent. Schmid Neset 

(2005) showed that 85% of the phosphorus from food consumption was 

recycled in plant or animal production in the year 1870, while only 6 % 

was recycled for the same purposes in the year 2000. The linearized 

handling of phosphorus is widespread and documented in several reports 

(e.g. Montangero 2007 and Schmid Neset 2005). 

Furthermore researchers expect that the demand for phosphorus 

eventually will exceed the mining assets, which is called ‘peak 

phosphorus’. Cordell (2010) estimated that peak phosphorus may occur 

already in the year 2035. It is therefore of greatest importance to recreate 

systems for circulation of phosphorus already in use. One part of the 
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fertilization problem is that the occurrence of animal manure and human 

excreta is centralised to large animal units or urban areas. To obtain a 

balanced fertilization of the arable land, the current rules limits the 

amount of animal manure that can be spread per area (Jordbruksverket, 

2011). The centralization of the nutrient rich waste is therefore a 

challenge for the goal of an adapted distribution of the nutrient resources. 

Additionally sludge arising at centralized wastewater treatment plants is 

often contaminated with for example high amounts of metals or persistent 

chemicals (Naturvårdsverket, 2012). It is therefore of interest to explore 

how phosphorus arising from food consumption can be used on arable 

land. In Sweden the municipalities are responsible for wastewater and 

waste management, and therefore play an important role in obtaining a 

local, but still distributed, use of the phosphorus in the food cycle. 

The aim with this study was to investigate opportunities to recycle the 

phosphorus contained in food handling, in some municipalities in the 

county of Östergötland. The method to do so was to perform a substance 

flow analysis of phosphorus in food handling. The result from the 

different municipalities was compared and related to the estimated total 

phosphorus demand in the agricultural sector in the different 

municipalities. It was also investigated whether there would be a greater 

potential for phosphorus recycling in municipalities with food processing 

industries 

3 Methodology background 

The methodology used in this study is based on the methodology of 

material flow analysis as described by Brunner & Rechberger (2004). The 

difference between substance flow analysis and material flow analysis is 

the matter being studied. In the former case a substance with a 

homogenous composition is being studied. In the latter case a material of 

heterogeneous composition is being studied. The concept substance flow 

analysis is used throughout this report, where Brunner & Rechberger 

(2004) continuously uses the concept material flow analysis. The 

methodology is more or less the same, but the flows of substances and 

material may differ. The flow of a material can usually be directly 

influenced by changes in the system. The flow of substances can usually 

not be directly influenced, since it is a part of a materials flow and 

follows the flow of the material (e.g. heavy metals in sewage sludge). 

Material studies may also facilitate the study of several substances 

simultaneously. 

A system is the object to be studied (Brunner & Rechberger, 2004). This 

object could be an activity, for example ‘to nourish’, or part of an 
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activity. The system to be studied must be well defined in space and time. 

The system comprises a number of processes, flows and storages of the 

substance. A process may be the transformation, transport, or storage of 

goods. A process can also be split into sub-processes in order to achieve a 

higher resolution of a system. A process is described by several 

parameters, such as flows, stocks and concentrations. 

The main steps when performing a substance flow analysis, according to 

Brunner & Rechberger (2004) are described below (Table 1). The term 

‘goods’ means the same as the term ‘material’, and refers the carrier of 

the substance/-s to be studied. 

Table 1. The main steps of a substance flow analysis according 
to Brunner & Rechberger (2004) 

Step Substeps 

1. Problem definition  

2. System definition  

 a. Selection of substances 

 b. Determination/selection of goods 

3. Determination of 

flows and stocks 

 

 a. Determination of mass flows 

 b. Balancing of goods 

 c. Determination of concentrations 

 d. Balancing of substances 

 e. Illustration and interpretation 

The steps must not be performed in strict order and the analysis process is 

iterative (Brunner & Rechberger, 2004). Visualization facilitates the 

understanding of the results. Montangero (2007) emphasizes that it is 

preferable to start with drawing up the flows in rough outlines. In the next 

iteration further details can be explored if the budget of the project 

allows. 

4 Material and methods 

4.1 System definition 

To begin with, the municipalities in Östergötland (Figure 1) that were to 

be studied had to be chosen. The criteria for this were size of, and extent 

of of food processing industries in, the municipality. The method used for 

identifying the food processing industries in the municipalities was 

checking the municipalities’ official websites and www.eniro.se, but also 
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the use of e-mails and telephone contacts with representatives for the 

municipalities’ trade and industry. Boxholm and Mjölby were chosen 

since they were expected to have significant proportion of food 

processing industries. Ydre and Åtvidaberg were chosen since they were 

expected to have a small proportion of food processing industries. Mjölby 

and Åtvidaberg had more than twice as many inhabitants than Boxholm 

and Ydre, however all four municipalities were fairly similar with respect 

to area. 

 

 

Figure 1. The localisation of the county Östergötland in Sweden, and an 
overview of where the municipalities are situated 
(Länsstyrelserna, 2012a,b) 

The analysis was performed for one year’s flow. The aim was to use data 

from 2011 when possible, to get as up-to-date results as possible. In 

reality it was not feasible to get that fresh information about everything, 

but the topicality was assumed to be sufficient. 

The system limits were set up so to include people’s food preparation, 

food consumption, organic waste from food preparation, greywater, 

human excretion, and organic waste and wastewater from food 

processing industries. Central treatment and local treatment were 

separated for both organic waste and wastewater. Food preparation was 

assumed to include all preparation of food to human consumption, 
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disregarding where it took place (in households, restaurants, schools etc.). 

Details in the system changed as the data gathering went on, and more 

information regarding the actual flows was revealed. An overview of the 

defined components, as the system was finally defined, is shown below 

(Table 2). 

Table 2. Overview of the defined system used in the analysis of 
the phosphorus flows in the studied municipalities. (I) 
denotes import and (E) denotes export across the 
system boundaries. 

Process Input Output Stock 

    
Food 
preparation 

Provisions (I) Prepared food 
Greywater to central treatment 
Greywater to local treatment 
Organic waste to central collection 
Organic waste to local collection 

None 

    
Food 
consumption 

Prepared food Urine to central treatment 
Faeces to central treatment 
Urine to local treatment 
Faeces to local treatment 

Children 

    
Central 
treatment of 
wastewater 

Urine from food consumption 
Faeces from food consumption 
Greywater from households 
Wastewater from 
food processing industries (I) 
Wastewater from other 
businesses (I) 
Sludge from local treatment 

1
 

Discharges to recipient (E) 
Export of sludge (E) 

None 

    
Local treatment 
of wastewater 

Urine from food consumption 
Faeces from food consumption 
Greywater from food 
preparation 
Wastewater from 
food processing industries (I) 

Discharges to recipient (E) 
Sludge to central treatment 
or  
Export of sludge (E) 

None 

    
Central 
collection of 
organic waste 

Organic waste from food 
preparation 
Organic waste from 
food processing industries (I) 
Organic waste from other 
businesses (I) 

Export of organic waste (E) None 

    
Local collection 
of organic 
waste 

Organic waste from food 
preparation 
Organic waste from 
food processing industries (I) 

Export of organic waste (E) None 

    

The time available did not permit a statistical uncertainty analysis of the 

collected data. 
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4.2 Collection of data 

Contact points within the municipalities were identified based on the 

sought parameter values according to the defined system, and the 

municipalities chosen. Questions were sent via e-mail to the 

municipalities to collect information (Appendix 1). Questions were also 

sent to the food processing industries within the municipalities. In a few 

cases the questions were answered as they were, in some cases the reply 

came in the form of existing reports and plans, and in several cases 

reports and plans and other information had to be sought for in other 

ways. 

While awaiting information from the municipalities, literature regarding 

the substance flow analysis method and general parameter values was 

studied. The studied literature consisted of both scientific reports and 

reports from authorities. General parameter values were collected 

(Appendix 2). 

The values obtained from the municipalities and from literature were 

structured in an Excel spread sheet, where calculations were performed. 

Basic data from the municipalities is compiled in Table 3.  

Table 3. General parameters describing the municipalities and 
used in the phosphorus flow analysis (SCB, 2012) 1 

Parameter Boxholm Mjölby Ydre Åtvidaberg Unit 

      
Iinhabitants:      
Total number of inhabitants 5 205 26 073 3 666 11 517 No. 
Inhabitants aged 0-18 years 2

 1 076 5 705 717 2 528 No. 
Inhabitants aged 16-18 years 3

 209 1 100 144 517 No. 
Net work commuting 

4
 - 684 - 1 313 - 522  - 1 708 No. 

      
Land area:      
Total area 528.27 548.75 679.03 690.42 km

2
 

Population density 9.9 47.7 5.4 16.8 No./m
2
 

Inland water area 78.7 10.99 103.62 93.9 m
2
 

Arable land 
5
 3 447 24 024 3 688 6 634 ha 

Proportion of arable land 
6
 6.53 43.8 5.43 9.61 % 

Arable land used for crops 3 420 24 021 3 668 6 951  
      

 
1. The exact numbers of inhabitants or area can differ slightly in the SCB Statistics Database 

depending on which search you perform, one reason may be that different compilations 
show data from different dates, these differences are assumed to be completely 
insignificant 

2. Slightly lesser phosphorus consumption among children than among grown-ups 
3. Assumed to attend upper secondary school, which means commuting to other 

municipalities for young people in Ydre and Boxholm 
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4. Inhabitants working outside the municipalities boarders are assumed to spend a significant 
amount of time outside the municipality, all the studied municipalities had more people 
commuting out from the municipality than in to it 

5. Pasture land is not included 
6. Arable land divided by municipality total area 

4.3 Visualization 

Calculations of the mass of phosphorus in the different flows were mainly 

performed in Excel. Visualization of the calculated data was done in the 

software STAN 2.0 (Figure 2) (Technische Universität Wien, 2011). 

Sometimes there was a gap between input and output values of a certain 

process, which was also visualized in STAN for each specific 

municipality with flows for ‘other sources’. Flows with the value zero 

were omitted in the visualizations. 

 

Figure 2. The flow of phosphorus in food, and food associated waste and 
wastewater, within the municipalities, according to the system 
definition in this study (‘other sources’ shown in different colour) 

Analysis of the visualised data was done using the questions listed in 

Table 4. 
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Table 4. Questions for analysis of the results from the 
substance flow analysis of the defined system 

Question 

 
Comments on the flows 
Where in the system is the major part of the phosphorus? 
Where are the input/output differences? 
 
Where the phosphorus ends up today 
What happens to the wastewater treatment residues? 
What happens to the wastewater treatment discharges? 
What happens to the solid organic waste? 
 
Food processing industries 
What happens with the wastewater from the food processing industries? 
What happens with the waste from the food processing industries? 
 
Agricultural possibilities 
What arable land is available within the municipality? 
What is the need for phosphorus of that arable land? 
How much of this need would be covered by spreading the phosphorus 
output from the studied system?  
 
Future plans (briefly) 
What are the municipalities’ future plans for waste? 
What are the municipalities’ future plans for wastewater? 
What are the food processing industries’ future plans? 
 

4.4 Assumptions 

When no reference is given, more details regarding the assumptions, and 

references supporting the assumptions, are found in Appendix 2 or in 

Table 3. 

4.4.1 Food preparation 

The input of phosphorus in the form of provisions to the food preparation 

process was calculated as the sum of the phosphorus consumption of the 

inhabitants, the phosphorus content in greywater and the expected 

amount of organic waste from food consumption. 

Greywater consisted of both phosphorus from remains of food in 

dishwater and phosphorus from detergents. The phosphorus content in 

greywater was taken from literature. The share of greywater going to 

central treatment or local treatment was assumed to be proportional to the 

number of persons connected to large scale wastewater treatment plants 

relative to the number of inhabitants connected to small scale wastewater 

treatment. 
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4.4.2 Food consumption 

The consumption of phosphorus in food, the amount of phosphorus in 

food waste, the amount of phosphorus in urine and faeces were based on 

literature values. Literature also showed that there is an accumulation of 

phosphorus in children, since they are growing. 

For net commuters, and for children aged 16-18 years in the 

municipalities with no upper secondary school within the municipalities’ 

boarders (Boxholm and Ydre), the food consumption and excreta was 

reduced for the time these inhabitants spent outside the municipality. It 

was assumed that these inhabitants spent ten hours a day, five days a 

week all year round outside the municipalities’ boarders, which 

corresponded to 30% of the time. This was a rough estimate, but was 

assumed to cover all time the inhabitants spent outside the municipalities’ 

boarders. 

4.4.3 Central treatment of wastewater 

Central treatment of wastewater was assumed to comprise large scale 

wastewater treatment plants. The term large scale defined plants with 

more than 200 inhabitants. These plants were in need of legal permission 

for their operations. The number of inhabitants connected to large scale 

wastewater treatment plants was based on information from 

municipalities’ plans and reports. Input and output of phosphorus to large 

scale wastewater treatment was taken from measured data on flows and 

concentrations. 

Emergency overflow in the waste water treatments plants was assumed to 

have the same phosphorus content as the mean waterflow in to the 

wastewater treatment plants. Data on volumes were taken from 

environmental reports, when available and when applicable. 

An additional inflow for ‘other sources’ was added to the process central 

treatment of wastewater to account for the differences between input and 

output values. 

All sludge from local treatment of wastewater was treated in one 

wastewater treatment plant within each municipality. This was visualized 

as a flow of sludge from local wastewater treatment to central wastewater 

treatment, when the sludge treatment took place within central treatment 

of wastewater. 
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4.4.4 Local treatment of wastewater 

Local treatment of wastewater comprised smallscale wastewater 

treatment plants, that is plants with less than 200 inhabitants connected, 

and smaller on-site treatment systems. It was assumed that small scale 

wastewater treatment plants had a phosphorus reduction of 90%, when 

measured input and output values were not available (further information 

in Appendix 2). It was also assumed that on-site wastewater treatment 

systems consisted of septic tanks only, and had a phosphorus reduction of 

15% since no information was found regarding the proportion of 

households with more advanced phosphorus removal. 

The number of inhabitants connected to small scale wastewater treatment 

plants and on-site treatment was based on information from 

municipalities’ plans and reports and statistics when available (AB 

Boxholmsteknik, 2012; Ekman, pers. com.; SCB, 2012; Åtvidabergs 

Vatten, 2012a,b,c,d,e), or calculated from how many inhabitants who 

were connected to central wastewater treatment plants in combination 

with statistics of the total number of inhabitants. Input and output of 

phosphorus to small scale wastewater treatment was taken from measured 

data on flows and concentrations when available, or else calculated using 

general parameter  and number of inhabitants. In Ydre there was no 

wastewater treatment plant with more than 2000 inhabitants connected 

(Påledal, pers. com.). No environmental report was available for the small 

scale wastewater treatment plants in Boxholm or Ydre. 

In every municipality all sludge from local treatment of wastewater was 

treated in one wastewater treatment plant. In Ydre this was a small scale 

wastewater treatment plant, which meant that the sludge flow was 

included in the local treatment of wastewater. In the other municipalities 

the sludge was transferred to central treatment of wastewater. The 

phosphorus content in sludge from local wastewater treatment was 

assumed to be the amount of phosphorus reduced from the discharges 

(15%). 

4.4.5 Central treatment of organic waste 

Central collection of organic waste was assumed to include waste 

collected by the municipalities and other contractors, for treatment at 

other sites than where the waste arose. 

The input to waste collection was based on literature values for mean 

amounts of organic waste per person and year, and information or 

estimates regarding organic waste from food processing industries. The 
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generated amount of organic waste collected for central treatment was 

based on values from the municipalities’ waste plans in combination with 

assumptions in Appendix 2. 

Estimated amounts of organic waste from food processing industries were 

used. Boxholms Mejeri (dairy) estimated that the amount of organic 

waste from their business was around 20 kg per week (Palmkvist, pers. 

com.). Fåddman estimated that the organic waste generated from their 

business was around 5 kg per day (Rustan, pers. com.). Ydre Kött (beef 

production) estimated that the amount of organic waste from their 

business was 600 kg per week (Nyberg, pers. com). It was assumed that 

organic waste from food processing industries had approximately the 

same content of phosphorus as the goods (on a wet weight basis) 

produced by the respective industries (Livsmedelsverket, 2012b; Beighle 

et al, 1994). 

An additional flow for ‘other sources’ was added to the central collection 

of organic waste to account for differences between input and output 

values. 

4.4.6 Local treatment of organic waste 

Local treatment of organic waste was assumed to comprise composting in 

households, large scale kitchens, on-site treatment at food processing 

industries and similar. 

4.4.7 Fertilizer demand 

In 2008/2009 47% of the arable land used for crops in Östergötland was 

fertilized, either with chemical fertilizer or with animal manure (SCB, 

2011). The demand for phosphorus on arable land in Östergötland was 26 

kg/ha (SCB, 2011). It was assumed that these conditions were valid in 

each municipality under study, and that the demand was evenly 

distributed within the municipalities.. 

4.4.8 Other assumptions 

There were a number of summer houses in the municipalities. These were 

excluded in the calculations since it was not possible to know how many 

of the inhabitants had summer houses outside, or within, the 

municipalities’ boarders. 

 



 14 

5 Results 

The results from the calculations are compiled in Appendix 3. 

5.1 Boxholm municipality 

In Boxholm municipality 73% of the phosphorus that leaves the system 

was found in the sludge from central treatment of wastewater (Figure 3). 

13% was found in the discharges from local treatment of wastewater, and 

12% was found in the centrally collected organic waste. 1.4% ended up in 

the discharges from central treatment of wastewater and 0.5 % ended up 

in the local organic waste. 31% of the phosphorus to the system was 

assigned to ‘other sources’, in order to balance the system. The stock in 

the system was 0.4% of the input to the system.  

 

Figure 3. The flow of phosphorus in the food chain, according to the 
system definition, in Boxholm municipality in 2011 (all values 
shown in kg/year, ‘other sources’ shown in different colour) 

There were two wastewater treatment plants in Boxholm, of which one 

was a large scale wastewater treatment plant in the city of Boxholm 

(Mjölby, Tranås and Boxholm kommun, 2012). Sludge from the small 

scale wastewater treatment plant in Malexander and from on-site 
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treatment was transported to the larger plant in the actual city Boxholm 

for treatment. The sludge was thereafter composted and used as plant 

establishing layer in landfills covering. Treated water from the 

wastewater treatment plants was discharged to river Svartån. 

There was no separation of the organic waste in the central waste 

collection (Mjölby, Tranås and Boxholm kommun, 2012). The waste was 

incinerated at Händelöverket in Norrköping. After notifying the 

municipality households were allowed to compost organic kitchen waste 

locally. There are approximately 92 km between the city of Boxholm and 

the city of Norrköping (Landstinget i Östergötland, 2008). 

There were two food processing industries in Boxholm. The dairy 

Boxholms Mejeri was included in the calculations, since it was assumed 

to be of significant magnitude and produces products rich in phosphorus 

(Palmkvist, pers. com.; ALcontrol Laboratories, 2011). The wastewater 

from the dairy went to the central wastewater treatment plant, and 

represented 17% of the input to the plant. The solid organic waste went to 

the municipality’s central collection. 12% of the total phosphorus input to 

the system came from Boxholms Mejeri. The food processing industry 

Tistelvind produces vegetables and was assumed to have lower impact on 

the studied system, and was not included in the caclulations. There was 

no local treatment identified of waste or wastewater from food processing 

industries. 

5.2 Mjölby municipality 

In Mjölby municipality, 65% of the phosphorus that leaves the system 

was found in the sludge from central treatment of wastewater (Figure 4). 

18% was found in the centrally collected waste and 14% in the discharges 

from local wastewater treatment. 3% was found in the discharges from 

central treatment of wastewater and 0.8% was found in the locally 

collected waste. 10% of the phosphorus input to the system was assigned 

to ‘other sources’, in order to balance the system. The stock in the system 

was 0.6% of the input to the system. 
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Figure 4. The flow of phosphorus in the food chain, according to the 
system definition, in Mjölby municipality in 2011 (all values 
shown in kg/year, ‘other sources’ shown in different colour) 

There were two large scale wastewater treatment plants in Mjölby 

(Mjölkulla and Gudhem), and three small scale wastewater treatment 

plants: Normlösa, Västra Harg and Önnebo (Mjölby, Tranås och 

Boxholms kommun, 2012; Mjölby kommun, 2012a,b; Ekman, pers. 

com.). Sludge from the small scale wastewater treatment plant and from 

on-site treatment was transported to Mjölkulla wastewater treatment plant 

for treatment (Mjölby, Tranås and Boxholms kommun, 2012). The 

treated sludge was certified according to REVAQ since 2010. The aim 

was to use the sludge from wastewater treatment on arable land. The 

sludge has not been used for this purpose during 2011 though, but was 

stored at Tungelunda treatment plant (Mjölby kommun, 2012c). Some of 

the sludge was also composted at Tungelunda treatment plant. Treated 

water from the wastewater treatment plants was discharged to river 

Svartån (from Gudhem, Mjölkulla and Normlösa wastewater treatment 

plants), lake Hargsjön (from Västra Harg wastewater treatment plant) and 

to lake Hargsjön via creek Önnebobäcken (from Önnebo wastewater 

treatment plan). A sludge digestion chamber was planned to be built at 
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the central Mjölkulla wastewater treatment plant, and was due to be 

finished during 2011 (Mjölby, Tranås and Boxholms kommun, 2012). 

There was no separation of the organic waste (Mjölby, Tranås and 

Boxholms kommun, 2012). The centrally collected waste was 

incinerated, and hence energy recycled, at Tekniska Verken in Linköping. 

Clinkers from the incinerator were put in landfills (Tekniska Verken, 

2012a). After notifying the municipality households were allowed to 

compost organic kitchen waste locally. There are approximately 36 km 

between the city of Mjölby and the city of Linköping (Landstinget i 

Östergötland, 2008). 

The share of food processing industries turned out to be less than 

expected. Several of the companies which were initially expected to be 

food processing industries appeared to be wholesalers or distributors. 

Three companies appeared to be food processing companies, of which 

one provided information regarding organic waste and wastewater 

(Rustan, 2012). Assumptions were made that the two that did not provide 

information had similar amounts of organic waste. Mantorpsköket had 

similar kind of business, which comprised preparation of meat products 

from meat. SwitsBake was a large scale bakery producing pastry, which 

may even induce less organic waste than meat processing. 0.4‰ of the 

phosphorus in the system came from food processing industries. There 

was no local treatment identified of waste or wastewater from food 

processing industries. 

5.3 Ydre municipality 

In Ydre municipality 49% of the phosphorus that leaves the system was 

found in the centrally collected organic waste (Figure 5). 27% was found 

in the sludge from local waste water treatment and 24% was found in the 

discharges from local waste water treatment. 0.5% was found in the 

locally collected organic waste. 7% of the phosphorus input to the system 

was assigned to ‘other sources’, in order to balance the system. The stock 

in the system was 0.4% of the input to the system. 
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Figure 5. The flow of phosphorus in the food chain, according to the 
system definition, in Ydre municipality in 2011 (all values shown 
in kg/year, ‘other sources’ shown in different colour) 

There were ten wastewater treatment plants in Ydre municipality, located 

in: Österbymo, Rydsnäs, Asby, Hestra, Forsnäs, Kammarp, Ramfall, 

Rönnäs, Svinhult, and Tullerum (Ydre kommun, 2012). Since no 

environmental reports were available for the wastewater treatment plants, 

it was assumed that all of them were small scale wastewater treatment 

plants. Approximately half of the inhabitants were connected to these 

plants, and the rest had on-site treatment. The sludge from all small scale 

wastewater treatment plants on the on-site treatment was treated on the 

plant in Österbymo (Ydre kommun, 2005). In the STAN model this 

transfer of sludge is within the process for local treatment of wastewater. 

According to the waste plan (Ydre kommun, 2005) there was no 

wastewater from industrial activities. 

Centrally collected organic waste from food preparation was transported 

to Tekniska Verken in Linköping for incineration. Clinkers from the 

incinerator were put in landfills (Tekniska Verken, 2012a). There was no 

separate collection of organic waste. After notifying the municipality 
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households were allowed to compost organic kitchen waste locally. 

According to the waste plan from 2005 increased household composting 

was desired in order to reduce the amount of organic waste. 

There were a couple of food businesses within the municipality. Of those 

businesses one, Ydre Kött, was of more significance than was expected 

prior to the study. Ydre Kött produced beef from grazing cattle bred at 

farms in southern part of Östergötland (Ydre Kött, 2012). Slaughter was 

performed outside the municipality’s boarders (in Kalmar) (Nyberg, pers. 

com.). Cutting-up of the meat was performed in Ydre. 34% of the 

phosphorus in the system came from Ydre Kött in the form of organic 

waste. This waste was classified as hazardous waste, and was sent to 

incineration outside the municipality (in Karlskoga). There was no local 

treatment identified of waste or wastewater from food processing 

industries. 

5.4 Åtvidaberg municipality 

In Åtvidaberg municipality 65% of the phosphorus was found in the 

sludge from central treatment of wastewater (Figure 6). 18% was found in 

the centrally collected organic waste, and 15% was found in the 

discharges from local treatment of wastewater treatment. 2% was found 

in the discharges from central treatment of wastewater, and 0.9% was 

found in the local organic waste. 6% of the phosphorus input to the 

system was assigned to ‘other sources’, in order to balance the system. 

The stock in the system was 0.7% of the input to the system. The 

negative input from ‘other sources’ to central treatment of wastewater 

was assumed to be within margin of error, and was assumed to be equal 

to zero. 
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Figure 6. The flow of phosphorus in the food chain, according to the 
system definition, in Åtvidaberg municipality in 2011 (all values 
shown in kg/year, ‘other sources’ shown in different colour) 

There were four large scale wastewater treatment plants (Björsäter, 

Grebo, Falerum, Håckla) and one small scale wastewater treatment plant 

(Yxnerum) in Åtvidaberg (Åtvidabergs Vatten, 2012a,b,c,d,e). Sludge 

from all the plants, and from on-site wastewater treatment, was sent to 

Håckla wastewater treatment plant for further treatment (Åtvidabergs 

Renhållning, 2011). The sludge was digested and the produced biogas 

collected (and used for heating purposes). The dewatered and digested 

sludge was composted together with garden waste. Thereafter the 

composted sludge was used as plant soil. Treated water from the 

wastewater treatment plants was discharged to lake Håcklasjön (from 

Håckla wastewater treatment plant), lake Södra Teden (from Björsäter 

wastewater treatment plant), river Storån (from Falerum wastewater 

treatment plant), lake Ärlången (from Grebo wastewater treatment plant), 

and a brook which discharges into lake Yxningen (from Yxnerum 

wastewater treatment plant). 

Collected organic waste from food preparation was transported to another 

municipality for incineration (Åtvidabergs renhållning, 2011). There was 
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no separate collection of organic waste. After notifying the municipality 

households were allowed to compost organic kitchen waste locally. 

There were no food processing industries of significance for this study in 

the municipality. 

5.5 Municipality comparison 

The major inputs to the system were provision to food consumption, and 

in some municipalities, organic waste or waste water from food 

processing industries (Figure 7). The inputs from ‘other sources’, required 

to balance the system, to central collection of waste and wastewater 

treatment were also significant in several cases (Table 5). 

Table 5. The share of phosphorus input from ‘other sources’ 
(other than provisions to food preparation and waste or 
wastewater from food processing industries) to different 
processes and to the complete system studied in the 
four municipalities in Östergötland 

 Boxholm Mjölby Ydre Åtvidaberg 

To central treatment of 
wastewater 

35% 5% 
 

Not applicable 0% 
1
 

To central collection of 
organic waste 

43% 40% 15% 37% 

To the whole system 31% 10% 7% 6% 

1. There was a negative input of 75 kg from ‘other sources’ to central treatment of 
wastewater, 75 kg represents ~1% of the input and the negative input was assumed to be 
within the margin of error, the contribution from ‘other sources’ to central treatment of 
wastewater was therefore assumed to be equal to zero 

The major output of phosphorus from the system was sludge (Figure 7), 

which was collectively treated in all the studied municipalities (usually 

within the process for central treatment for wastewater, but in Ydre in the 

local treatment of wastewater process). The share of phosphorus found in 

discharges to the recipient varied, largely as a result of the portion of on-

site treatment. A significant share of phosphorus was also found in the 

centrally collected organic waste. The amount ot locally collected organic 

waste, which comprised organic waste composted in households, proved 

to be negligible.Food processing industries could have effect in the flows, 

but very few of the food processing industries in the studied 

municipalities were of significance (Boxholms Mejeri and Ydre Kött). 

There was no local treatment of organic waste or wastewater identified 

among the food processing industries. An overview of the magnitude of 

the studied inputs to the system and the major outputs from the system is 

shown in Figure 7. The amount of phosphorus in provisions differed 
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slightly, since the value was calculated by STAN in order to balance the 

system. 

 

  

Figure 7. Overview of the food consumption and food processing industry 
inputs to the system under study, and the main outputs (FPI = 
food processing industries, sludge from central treatment of 
wastewater except for in Ydre where the sludge was exported 
from local treatment of wastewater) 1 

5.6 Share of fertilizer demand 

The share of the phosphorus demand that could be covered, by recycling 

phosphorus in outputs from studied system (except discarhges to water) 

was on an average 10%. In municipalities with food processing industries 

of significance the share of the phosphorus demand that could be covered 

was 13%. In municipalities with no food processing industries of 

significance the share of the phosphorus demand that could be covered 

was 8% (Table 6). 
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Table 6. Phosphorus demand on arable land in Östergötland 

Parameter Boxholm Mjölby Ydre Åtvidaberg Unit 

      
Arable land in need of fertilization 1 607 11 290 1 724 3 098 ha 
      
Phosphorus in sludge 4 992 14 391 1 255 5 925 kg 
Phosphorus in organic waste 872 4 138 2 310 1 728 kg 
Total amount of phosphorus 
in sludge and organic waste 

5 864 18 529 3 565 7 653 kg 

      
Phosphorus in sludge and 
organic waste per arable land in 
need of fertilization 

3.65 1.64 2.07 2.47 kg/ha 

      
Share of phosphorus demand 
potentially covered by sludge and 
waste 

14 6.3 8.0 9.5 % 

      

6 Discussion 

6.1 Recycling potential 

Sludge from wastewater treatment was the outstanding container of 

phosphorus with an average of 57% for the studied municipalities, with a 

variation from 27% (in Ydre) to 73% (in Boxholm). The magnitude of 

organic waste as a phosphorus resource also varied. On an average 25% 

of the phosphorus output was found in organic waste, with a variation 

between 13% (in Boxholm) and 49% (in Ydre). The results showed that 

there was a significant potential in using the phosphorus in sludge from 

wastewater treatment and the phosphorus in organic waste as nutrient 

sources in food production. On average 9.5% of the phosphorus demand 

in the agricultural sector could be covered with sludge and organic waste 

in the four studied municipalities. In municipalities with food processing 

industries of significance the share of the phosphorus demand that could 

be covered was 11%. In municipalities with no food processing 

industries, or food processing industries with little organic waste or 

phosphorus in wastewater, % of the phosphorus demand was covered. In 

most of the municipalities the sludge was judged to be of such a good 

quality that it could be used on arable land. Most of the phosphorus from 

food consumption and food processing was centrally gathered in the form 

of sludge and organic waste. One advantage with this was that treatment 

of the wastewater in wastewater treatment plants, instead of on-site 

treatment, had a much higher phosphorus reduction. This also meant that 

there were great possibilities within the municipalities to distribute this 

phosphorus to where the demand was, especially where the sludge was 
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already of good quality. It would be even more beneficial to recycle the 

phosphorus even closer to the food production, in order to avoid need of 

energy for transports, emissions from transports, risks for phosphorus 

spillage etc. 

Sludge cannot always be used in food production due to too high contents 

of contaminants, such as metals. In Åtvidaberg the sludge could not be 

used on arable land due to the high copper content (Åtvidabergs Vatten, 

2012a). Water pipe erosion was assumed to be the main source of cupper 

in the sludge. A new water works had been built, and the corrosive 

qualities of drinking water was planned to be altered. The sludge in 

Boxholm was of such a good quality that it could be used on arable land 

if certified for this purpose, but it was not (AB Boxholmsteknik, 2012). In 

Mjölby the sludge from Mjölkulla wastewater treatment plant was 

REVAQ certified since 2010 (Mjölby, Tranås och Boxholms kommun, 

2012), which means that work is ongoing to reduce contaminants early in 

the process. The goal was that all sludge shall be used on arable land. 

During 2011 no sludge was spread on arable land though (Mjölby 

kommun, 2012c). In Ydre the sludge was of good quality, but there was 

no identified need for it (Ydre kommun, 2005). In the waste plan it was 

being discussed whether the municipality should build a plant for further 

treatment of the sludge, or if a plant outside the municipalities’ boarders 

should be used. The document states that at the time being no alternative, 

that was both economically and environmentally feasible, was found. It is 

of greatest importance to continue work with reducing the presence of 

contaminants in the wastewater sludge. 

The variation of how much phosphorus ended up in the sludge was to a 

large extent depending on the amount of inhabitants with on-site 

wastewater treatment, which was assumed to have a lower level of 

phosphorus reduction than wastewater treatment plants. Where local 

treatment of wastewater occurred, the amount of phosphorus in 

discharges was significantly higher than the phosphorus in discharges 

from large scale wastewater treatment plants. This was particularly 

pronounced in on-site treatment where a phosphorus reduction of 15% 

(Naturvårdsverket, 2008a) was assumed in this study (in large scale 

wastewater treatment plants the level is often above 95%). The 

requirement for newly installed on-site treatment is 90% 

(Naturvårdsverket, 2006), but there were still many old systems with a 

much lower reduction level in operation. The reduction in on-site 

treatment may also decay with time (Hellström et al, 2003). In all the 

studied municipalities the sludge from all wastewater treatment was 

gathered and treated at one plant. The possibilities to extract the 
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phosphorus from the wastewater close to where it arises should be 

enhanced. Continued work with development and/or implementation of 

wastewater treatment techniques, which captures the phosphorus more 

efficiently (e.g. enhanced phosphorus reduction for on-site treatment), is 

a must. This would also reduce the risk of mixing household wastewater 

with wastewater from other industries, which may contain contaminants, 

such as metals. Until local wastewater treatment achieves the desired 

levels of phosphorus reduction it could be investigated whether the 

nutrient rich water discharges could be used for irrigation of arable land. 

It could also be investigated whether phosphorus rich wastewater from 

food processing industries could be used. It could also be investigated 

whether wetlands could be a possibility to treat the wastewater, and 

prevent discharges from ending up in the natural watercourses. 

In a municipality with distributed waste water treatment, that is many on-

site treatment systems and small scale wastewater treatment plants, the 

phosphorus arises close to where the demand is. With adapted policy 

regulations and improved technical solutions the phosphorus could be 

recycled to an even more local extent. Policies or guidelines should be 

developed within the municipalities, to achieve a resource efficient 

nutrient distribution within the municipalities. A mapping of the 

phosphorus demand should form a basis for these. 

It was common among households to mix organic waste with other 

combustible waste. All municipalities sent their centrally collected waste 

to incineration in other municipalities. Studies of how much of household 

waste is organic is investigated in manual sorting of grab samples. One 

such study was performed in Mjölby municipality (Mjölby, Tranås och 

Boxholms kommun, 2012). It has been found that in general 35% of the 

household food waste was needless, and could have been used as food 

(Jensen et al, 2011). If the consumption of phosphorus could be reduced, 

and if the amount of needless food waste could be reduced, the need for 

phosphorus as a fertilizer would also be reduced. 

Local collection of organic waste was generally negligible as a 

phosphorus source. It may be thought that there are individuals who 

compost all their organic kitchen waste, while others do not compost 

anything. If the composted material is used for local food production (e.g. 

in the private garden) this means that the phosphorus is useful for that 

particular individual. All the municipalities states, more or less 

outspoken, that encouragement of household composting shall reduce the 

amount of waste households (Mjölby, Tranås och Boxholms kommun, 

2012; Ydre kommun, 2005; Åtvidaberg kommun, 2012). This does not 
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seem like a strategy to recycle phosphorus for food production though, 

since most people do not grow their own food.  

There was a strong trend in planning towards recycling of nutrients in 

combination with energy production in the form of biogas digestion of 

organic waste among the studied municipalities. Biogas production would 

also provide the opportunity to reuse the nutrients in the residues as 

biofertilizers. In the preliminary waste plan for Boxholm and Mjölby 

(Mjölby, Tranås and Boxholms kommun, 2012) it was discussed that 

separation of organic waste for biogas production would be a preferred 

alternative for the future. It was discussed, but not decided, whether an 

existing plant in another municipality would be used, or if a new plant 

would be built in the Mjölby-Boxholm-Tranås area. The waste from 

Boxholm was transported to Norrköping, which means a transport 

distance of about 92 km (Landstinget i Östergötland, 2008). If the biogas 

production plant in Norrköping would be used for treatment of the 

organic waste, and the biofertilizers would be brought back to Boxholm, 

this would lead to a transportation distance of 184 km (Landstinget i 

Östergötland, 2008) for the phosphorus (distribution within the 

municipality excluded). Obviously energy would be required for that 

transport. If a plant would be built in the Mjölby-Boxholm-Tranås area, 

this could perhaps also be utilized by Ydre municipality, since it is 

adjacent to both Boxholm municipality and Tranås municipality (which is 

situated in the county of Jönköping). Åtvidaberg municipality’s goal was 

also to strive towards biogas production and/or nutrient recycling of food 

waste, in order to return the phosphorus to arable land (Åtvidabergs 

Renhållning, 2011). Biogas production plants already exist in 

Östergötland, in Linköping and in Norrköping. The plant in Linköping 

includes a hygienisation process, and digests both organic waste from 

food processing industries (Svensk Biogas, 2012) and food waste from 

households since April 2012. The organic household waste comes from 

both Linköping (Tekniska Verken, 2012c), Motala and Vadstena 

municipalities (Motala kommun, 2012) in the county of Östergötland. 

That is, there are experiences regarding biogas production within the 

county. Systems for separation of organic waste should be developed in 

order to capture the phosphorus and use in  biofertilizers. It should be 

investigated on what level composting would be the most energy efficient 

alternative and when biogas digestion would be more energy efficient. 

Other questions are how large such a plant should be, where it should 

should be located in relation to where the organic waste arises, and where 

the break even is for nutrient recycling contra energy extraction. 
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Local collaborations should be maintained and developed. Those are very 

valuable in order to recycle nutrients as local as possible. It would give 

the opportunity to build plants (e.g. biogas/biofertilizer production 

plants), which would not be economically feasible for a single and 

relatively small municipality, in the vicinity. It would also increase the 

possibility of ‘nutrient trading’ between adjacent municipalities with 

greater or lesser demand of phosphorus.  

The food processing industries were found to play a significant role 

regarding the solid organic waste, but only if the waste occurs early in the 

food processing chain. It is important to separate and recycle also the 

organic waste from food processing industries within the municipalities.  

At Ydre Kött in Ydre municipality, where cutting-up of beef was 

performed, a significant amount of waste arose. At Fåddman in Mjölby 

municipality, on the other hand, already cut-up meet was used and the 

amount of waste is much lesser. The total amount of production of the 

two businesses was not taken into consideration, but the types of waste 

that occurred was quite different (bones, sinews, tallow and fat in waste 

from Ydre Kött; spillage from machines and similar from Fåddman).  

Organic waste from meat production may contain hazardous 

microorganism, and must therefore be treated accordingly. The biogas 

production plant in Linköping is equipped with a hygenisation process, 

which allows this kind of waste to be digested for biogas and biofertilizer 

production simultaneously. Plans to invest in a similar plant in the area of 

Mjölby/Tranås/Boxholm could bring a good opportunity to reuse the 

phosphorus in the southern parts of Östergötland, especially if it is 

constructed with a hygienisation process. 

Regarding the phosphorus flow to wastewater treatment, the only 

identified food processing industry source in the studied municipalities 

was Boxholms Mejeri. This business had a significant impact on the 

phosphorus ending up in sludge. 

Generally (but not always) the awareness of the generated amount of 

organic waste and phosphorus in wastewater was low among the food 

processing businesses. The behaviour was to mix the organic waste with 

other combustible waste. Many of the businesses are assumed to how 

fairly low amounts of organic waste and no one usually asked them about 

the waste’s contents. Awareness of the contents of, and the value of, 

organic waste and wastewater should be increased, especially among 

food processing industries. This would facilitate the possibilities to 

intercept the phosphorus in circulation by increasing the possibilities to 

take care of the resource in a proper way. The awareness may increase if 
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infrastructure for separation of organic waste is introduced, for example 

due to biogas production. 

The stock in the system was negligible. With other system boundaries the 

stock might have increased, due to inclusion of other processes. It is not 

allowed to put organic waste in landfills in Sweden today (SFS, 2001), 

but the main part of the residues arising from incineration of organic 

waste is still put in landfills (Persson, 2005). Landfill topcover soil may 

be seen as a stock, as could sludge that is being stored for later use. 

There was a significant portion of ‘other sources’ contributing with 

phosphorus to the system. These sources were not further investigated in 

this study, but are discussed in  6.3. 

6.2 Comparison to other studies 

A study of Hanoi in Vietnam (Montangero et al, 2007) showed that 23% 

of the phosphorus in waste products was reused in food production, 

which corresponded to 18% of the actual food production within the 

province. The phosphorus not being reused in food production ended up 

in landfills or in the environment. The level of recycling was higher than 

the recycling potential identified for the Swedish municipalities in this 

study. Though the value should be related to amount of food produced 

within the region related to the actual food need, and imports/exports of 

food, to complete the picture. Montangero et al discussed shifting from 

septic tanks to urine diversion latrines as a means of capturing the 

phosphorus. A shift towards a more vegetarian diet in order to reduce the 

need of phosphorus was also discussed. The system studied in Hanoi was 

also more extensive than the system in this study. 

A study of the Twin-Cities watershed in Minneapolis-St. Paul 

metropolitan region, Minnesota USA (Baker, 2011) showed that the 

routines in that region resulted in that 31% of the phosphorus ended up in 

the recipient (the Mississippi River), and that 49% ended up in landfills 

or septic tanks. This resulted in that 1.3% of the urban need for food in 

the area could be supported by reuse of urban phosphorus. Baker 

proposed some changes (reduction of phosphorus inputs, reuse of stored 

phosphorus and reduction of leakage) which were assumed to lead to that 

the corresponding share of urban food that could be supported by reuse of 

urban phosphorus would increase to 47%. The system in Baker’s study 

was more extensive than the system in this study, both with regards to 

included processes as well as the geographic area under study and the 

number of inhabitants included. 
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Schmid Neset (2005) performed a substance flow analysis on the city of 

Linköping for different periods of time. Linköping city is the residential 

city in the county of Östergötland. It is the largest municipality in 

Östergötland, and the fifth largest municipality in Sweden. The 

municipality is larger than the municipalities in this study due to its 

number of inhabitants (147 334) and its geographical size (1 435.80 km
2
, 

including 140.11 km
2
 surface water) (SCB, 2012). The municipality 

encompasses several food processing industries (Scan, Arla, Cloetta etc). 

Schmid Neset showed that in the year 1870 87% of the phosphorus 

arising from household processing of food (followed by food 

consumption) was recycled in plant or animal production. In the year 

2000 the corresponding figure was 20%, which is still higher than was 

identified in this study of the four smaller municipalities where no 

recycling was identified. In the year 2000 the main part of the sludge, 

corresponding to 75% of the phosphorus originating from food 

consumption, was put in landfills. This linear way of handling 

phosphorus was assumed to be representative for all Sweden at that time.  

A calculation using the value for household waste from the 

municipality’s waste plan (30 000 tons of household waste in 2004, bulky 

refuse included) (Linköpings kommun, 2011), the value for phosphorus 

found in sludge (92.7 tons in 2011) (Tekniska Verken, 2012b) and the 

assumptions in Appendix 2  showed that the phosphorus from waste and 

sludge would cover 21% of the phosphorus demand on the 43 026 ha of 

arable land used for crop production (SCB, 2012) in the municipality 

(with the assumptions stated in paragraph  5.6). The estimation of 

phosphorus content in the waste is likely to be a little too high, but on the 

other hand food processing industries are not included in these 

calculations. The potential is higher than the potential identified in this 

study of the four smaller municipalities. 

Baker (2011) mentioned reduction of system inputs of phosphorus as a 

strategy for phosphorus conservation. Montagnero et al (2007) mentioned 

reduction of meat in the diet in order to reduce the need of phosphorus. 

This could also apply to Swedish conditions. The consumption of 

phosphorus is on an average 1 151 mg/ day/person for children (Enghart 

Barbieri et al, 2003) and 1 374 mg /day/person for grown-ups (Pearson, 

pers. com.). The recommendation of phosphorus intake on the other hand 

varies between 420 and 700 mg/day/person for children and is 600 

mg/day/person for grown-ups (higher for pregnant or breastfeeding 

women) (Livsmedelsverket, 2012a). Hence the consumption of 

phosphorus is much higher than the need. Another strategy Baker 

mentioned was to reduce leakage by increasing the efficiency of small 



 30 

scale wastewater treatment. Montangero et al brought up shifting from 

septic tanks to urine diversion latrines to increase the amount of 

phosphorus that could be captured. These means could also be applied to 

Swedish conditions, and would improve the possibilities to recycle the 

phosphorus in the system, and diminish the eutrophication problems. 

Baker also mentioned composting of municipal food waste before 

distribution directly to animal production. This could be a possibility also 

for Swedish needs. Whether it would be possible to reuse ash from 

incineration on arable land under Swedish conditions, which was also 

mentioned by Baker, is not likely, since there was no separation of 

organic waste before incineration. 

6.3 Uncertainties 

In the municipalities there were a number of summer houses. 

Consideration to this was not taken in the calculations. Boxholm 

municipality had approximately 1000 summer houses. If assumed that all 

summer dwellers came from outside the municipality, and that three 

persons stayed in each house during four full weeks of the year, this 

would mean an increase of inhabitants of 4.4% during the whole year. On 

the other hand it was not possible to know how many of the regular 

inhabitants who spent the summer outside the municipality. The summer 

houses were therefore assumed to have low impact of the results. 

In some cases there was a gap between the input to and the output from 

the wastewater treatment plants. For example the input to Boxholm’s 

large scale wastewater treatment plant was 4 tons during 2011, and the 

output from the same plant was 5 tons out during the same period (AB 

Boxholmsteknik, 2012). This may be due to discontinuous measurements. 

‘Other sources’ were added as input to the central treatment of 

wastewater and the central collection of waste. The share of input from 

other sources was very often significant (see paragraph  5.5). ‘Other 

sources’ adding phosphorus to wastewater may be other industries in the 

areas. There may also be leakage of stormwater into the system, which 

may add phosphorus from for example settlement areas, industries, 

commercial areas or roads (Larm, 2010). For example Mjölkulla 

wastewater treatment plant in Mjölby municipality has 16 260 physical 

persons connected. The load (BOD) during 2011 was on an average 31 

812 person equivalents per 24-hours in 2011 (maximum load was 40 829 

person equivalents per 24-hurs) (Mjölby kommun, 2012b; Ekman, pers. 

com.). This indicated that there were other sources, that were not 

included in this study, contributing phosphorus rich wastewater. 
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‘Other sources’ represents a significant share of the organic waste (see 

paragraph  5.5). The input of waste from food processing may be a little 

low since the value does not include food waste from hospital kitchens 

(Jensen et al, 2011). The expected amount of phosphorus from centrally 

collected waste may also be too high. It is not always clear that the given 

values for household waste include only waste collected in vessels, or if 

for example bulky refuse is included. Household waste is not necessarily 

waste from only households. According to the current definition (SFS, 

1998) it also includes corresponding waste from businesses, which may 

have a different composition. One source which was not included in this 

study was organic waste from grocery stores and similar. 

In this study it was assumed that the demand for phosphorus was the 

same in all the studied municipalities. In reality the demand for 

phosphorus on arable land varies though. The soil may be more or less 

naturally fertile. Different crops also require different amounts of 

fertilizers, and the crops being cultivated at a specific area varies from 

year to year. 

Energy forest is grown on 0.6% of the arable land in Östergötland. This is 

included in the statistics for arable land with phosphorus demand. With 

the generalised assumptions made in this study this share will not affect 

the results significantly. If this crop is centralised to one or a few 

municipalities this may have greater affect the coverage of phosphorus 

for food production in that or those municipalities. Transports and 

spreading of the phosphorus also require energy. 

Food waste from hospital kitchens was not included in the calculated 

amount of organic waste from food preparation, and the amount from 

households was assumed to be underestimated (Jensen, 2011). The actual 

amount of organic waste from food preparation may therefore be higher 

the reality. 

6.4 Recommendations for further work 

The possibility to locally circulate phosphorus from food consumption 

and food production is good, but not sufficient. There are a number of 

activities to be performed to increase this even further. 

Continued work should be performed to identify to what extent other 

processes and flows, which were not included in this study, may affect 

the circulation possibilities. Such processes and flows may be animal 

manure from animal production. These can be used as a complementing 

fertilizer in order to cover the complete demand of phosphorus in the 

municipalities. It should also be investigated in detail how the demand 
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actually is, and where the fertile soils reside and where the actual need is. 

It could be visualised where the arable land is in correlation to soil 

content, animal production, and municipal sources in the same picture. 

‘Other sources’ play a significant role in the phosphorus flow within all 

the municipalities. It should be investigated what these sources are, where 

they are located, and how they can contribute to the use of phosphorus on 

arable land. This may contribute to recycling of phosphorus even more 

locally than on municipal level.  It may also be that these sources also 

need phosphorus as an input (e.g. energy forest production), and 

competition about the phosphorus may occur. 

It could also be of interest to investigate how large part of the phosphorus 

need to sustain the inhabitants with food was covered by the phosphorus 

in the sludge and organic waste. It would also be of interest to map how 

much of the inhabitants need for food was actually produced within the 

municipalities’ boarders.  

6.5 Conclusions 

Between 27% and 73% of the phosphorus leaving the system was found 

in the sludge. Between 13% and 49% of the phosphorus was found in the 

solid organic waste. The sludge could be used on arable land, except for 

in one municipality where the copper content was too high. No actual 

recycling was identified.  

Food processing industries contributed with 12% (in Boxholm) to 26% 

(in Ydre) of the phosphorus input to the system, in municipalites with 

food processing industries generating phosphorus rich wastewater or 

organic waste. Organic waste may need hygienisation before put on 

arable land. 

In municipalities with small scale wastewater treatment and large portion 

of on-site treatment the discharges to the recipient contained 24% of the 

phosphorus leaving the system, while discharges from municipalities 

containing large scale wastewater treatment discharged 16% of the 

phosphorus to the recipient. 

There was a potential to cover 11% of the phosphorus demand on arable 

with sludge and organic food waste in municipalities with food 

processing industries, and 8% of the phosphorus demand on arable land 

in municipalities without such industries. 
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Appendix 1 

 

Questions sent to municipalities to gather municipality specific 
data. The questions were sent in Swedish. 

 

 

 

 

General information 
Swedish English 

  
Tätorter inom kommunen Densely built-up areas within the 

municipality 
Antal kommuninvånare som bor i tätorter Number of inhabitants living in densely 

built-up areas 
Antal hushåll i kommunen Number of households within the 

municipality 
Antal hushåll inom tätorterna Number of households within the densely 

built-up areas 
Jordbruksareal inom kommunen Arable land within the municipality 
  

Information regarding food businesses 
Swedish English 

  
Livsmedelsindustrier (förädlare av råvaror, 
exempelvis slakterier, mejerier) inom 
kommunen 

Food processing industries (processors of 
raw material, e.g. slaughter houses or 
dairies) within the municipality 

Andra industrier som hanterar större mängder 
organiskt avfall (exempelvis sågverk, pappers-
/massaindustri) 

Other industries handling major amounts of 
organic waste (e.g. sawmills, paper or pulp 
industries) 

Livsmedelsbutiker inom kommunen Grocery stores within the municipalities 
Grossister inom kommunen Wholesalers within the municipality 
Restauranger inom kommunen (inklusive 
pizzerior, hamburgerrestauranger m.m.) 

Reatuarants within the municipality 
(including pizzahouses, hamburger 
reastaurants etc) 

  

Information regarding organic waste 
Swedish English 

  
Hur hanteras fast organiskt avfall… How is the organic waste handled... 
…från hushåll? ...from households? 
… från storkök och restauranger? ...from large scale kitchens and 

restaurants? 
…från grossister/detaljister? ...from wholesalers/retailers? 
…från livsmedelsproducenter? ...from provisions producers? 
…från andra industrier som hanterar stora 
mängder organiskt avfall? 

…from other industries handling large 
amounts of organic waste? 

…från övrig verksamhet? ...from other businesses? 
Vilka mängder fast organiskt avfall hanteras… What amount of organic waste is handled... 
…från hushåll? ...from households? 
… från storkök och restauranger? ...from large scale kitchens and 

restaurants? 
…från grossister/detaljister? ...from wholesalers/retailers? 
…från livsmedelsproducenter? ...from provisions producers? 
…från andra industrier som hanterar stora 
mängder organiskt avfall? 

…from other industries handling large 
amounts of organic waste? 
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…från övrig verksamhet? …from other businesse? 
Fosforhalt i det fasta organiska avfallet? Phosphorus content in the organic waste? 
Var sker denna hantering? Where is the treatment of the organic waste 

performed? 
Vilka restprodukter bildas i hanteringen? What residues arises from the treatment? 
Vart tar restprodukterna vägen efter hantering? Where do the residues go after the 

treatment? 
Fosforhalt i restprodukterna? Phosphorus content in the residues? 
Hur många hushåll komposterar själva? How many households compost locally? 
Hur många storhushåll komposterar själva? How many catering businesses compost 

locally? 
Vilka mängder organiskt material hanteras i 
storhushållens komposter? 

What amounts of organic waste is treated in 
the catering businesses’ composts? 

Vart tar resterna från storhushållens komposter 
vägen? 

Where do the residues from the catering 
businesses composts go? 

  

Information regarding wastewater 
Swedish English 

  
Var finns kommunala reningsverk? Where are the municipality’s wastewater 

treatment plants located? 
Hur många hushåll är anslutna till dessa? How many households are connected to 

these? 
Hur mycket vatten går in till reningsverket… How much water goes in to the wastewater 

treatment plant... 
…från hushåll? ...from households? 
… från storkök och restauranger? ...from large scale kitchens and 

restaurants? 
…från grossister/detaljister? ...from wholesalers/retailers? 
…från livsmedelsproducenter? ...from provisions producers? 
…från andra industrier som hanterar stora 
mängder organiskt avfall? 

…from other industries handling large 
amounts of organic waste? 

…från övrig verksamhet? ...from other businesses? 
Vilken fosforhalt är det på vattnet som går in till 
reningsverket… 

What phosphorus content is it in the 
wastewater going in to the wastewater 
treatment plan... 

…från hushåll? ...from households? 
… från storkök och restauranger? ...from large scale kitchens and 

restaurants? 
…från grossister/detaljister? ...from wholesalers/retailers? 
…från livsmedelsproducenter? ...from provisions producers? 
…från andra industrier som hanterar stora 
mängder organiskt avfall? 

…from other industries handling large 
amounts of organic waste? 

…från övrig verksamhet? ...from other businesses? 
Hur mycket vatten går ut från reningsverken? How much water goes out from the 

wastewater treatment plants? 
Vilken fosforhalt är det på vattnet som går ut 
från reningsverken? 

What is the phosphorus content in the 
water going out from the wastewater 
treatment plants? 

Vart tar detta vatten vägen? Where does the water discharge? 
Vilket organiskt restavfall bildas i reningsverken, 
och hur mycket? 

What organics residues arises in the 
wastewater treatment plants, and how 
much? 

Hur hög fosforhalt finns i detta material? What is the phosphorus content in these 
residues? 

Vart tar detta vägen? Where do the residues go? 
Hur många hushåll har enskilt avlopp? How many housholds have on-site 
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treatment? 
Ombesörjer kommunen hämtning av slam och 
latrinkärl? 

Does the municipality fetch sludge from on-
site treatment and latrine vessels? 

Vilka mängder och vilken fosforhalt? What amounts and what phosphorus 
content? 

Hur tas detta organiska material omhand? How is this organic matter treated? 
Vilka restprodukter bildas? What residues arise? 
Vart tar restprodukterna vägen? Where do the residues go? 
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Appendix 2 

 
General parameter values that were used in the calculations 

Parameter Level Unit Reference 

    
Human turnover:    
Phosphorus consumption, 
grown-ups 

1 374 
1
 mg/day/person Pearson, pers. com. 

Phosphorus consumption, children 1 151 
2
 mg/day/person Enghart Barbieri et al, 2003 

Phosphorus excretion, 
urine 

0.9 g/day/person Jönsson et al, 2005 

Phosphorus excretion, 
faeces 

0.5 g/day/person Jönsson et al, 2005 

Phosphorus accumulation, 
children 

6 % Jönsson et al, 2004 

Reduction of consumption and 
excretion for commuters 30 % 

Calculation: 10 hours/day * 
5 days/week / (24 hours  * 

7days /week) 
    
Organic waste:    
Food waste per person 85

 3
 kg/person/year Jensen et al, 2011 

Organic waste in Sweden  
10

 799 000 4
 tons/year Jensen et al, 2011 

Household composting in Sweden  
10

 60 000 5
 tons/year Avfall Sverige, 2011 

Organic waste in household waste  
10

 43 % RVF, 2005 
Phosphorus content in organic waste  
10

 
0.12 

6
 % Jönsson et al, 2005 

    
Water:    
Phosphorus content in greywater 0.52 g/person/day Jönsson,2005 
Reduction of phosphorus in on-site 
wastewater treatment (rural systems) 

15 % Naturvårdsverket, 2008a 

Reduction of phosphorus in small 
scale wastewater treatment plants 

90 
7
 % Naturvårdsverket, 2008a 

    
Agriculture    
Arable land in Östergötland (2010) 204 303 Ha SCB, 2011 
Arable land used for crop production 
(2010) 

8
 

194 500   

Pasture land in Östergötland (2010) 8 42 552 Ha SCB, 2011 
Agricultural land in total (2010) 246 855 Ha SCB, 2011 
Area in Östergötland where 
phosphorus was added (2008/2009) 

9
 

47 % SCB, 2011 

Added amount of phosphorus, 
chemical fertilizer and manure 
(2008/2009) 

26 kg/ha SCB, 2011 

Total amount of phosphorus on arable 
land in Östergötland (2008/2009) 

2 340 tons SCB, 2011 

Chemical fertilizer (2008/2009) 580 tons SCB, 2011 
Manure (2008/2009) 1 760 tons Calculated from the above 
    

 
1. The phosphorus contents in processed food is presumably higher than assumed since it is 

difficult to measure the contents in processed food (Pearson, pers. com.), in the 
calculations this value was set to 1 400 mg/day/person in order to match the excretion of 
0.9+0.5 g/day/person 



 44 

2. Calculated as a mean value from the three studied age-groups, 
(1 005 + 1 277 + 1 171)/3 mg/day 

3. The amount of food waste was calculated from values calculated for the whole of Sweden: 
(674 000 tons [households] + 26 000 tons [school kitchens] + 99 000 tons [restaurants]) / 
9 361 111 persons; The number of persons used in the calculations was extracted from 
the same document by dividing 674 000 ton /0.072 (tons/person) = 9 361 111 persons;  

4. Used for calculating the portion of organic waste that went to composting, 
674 000 + 99 000 + 26 000 ton 

5. Used for calculating the portion of organic waste that went to composting 
6. Calculated from 31% TS, 0.39% phosphorus content 
7. Wastewater treatment plants with <200 persons connected (Naturvårdsverket, 2008b) 
8. Pasture land of 42 552 ha (Östergötland) not included 
9. Phosphorus was as added as plant nutrients, chemical fertilizers or animal manure 
10. Wet weight / per wet weight 
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Appendix 3 

 
Compilation of substance flows, the calculated data used in the 
STAN visualization (abbreviations according to Figure 2).The values 
may be rounded-off slightly, in order to get input and output to 
meet, when used in STAN. Values indicated by a ‘?’ were 
calculated in STAN. 

Flow Boxholm Mjölby Ydre 
1
 Åtvidaberg Unit 

      
Prov 

2
 3 925 20 085 2 763 8 700 kg/year 

PrepFood 2 432 12 605 1 711 5 396 kg/year 
Food Cons (Stock) 

3
 26 144 17 64 kg/year 

      
CUrine 1 031 6 304 0 2 662 kg/year 
CFaeces 573 3 502 0 1 479 kg/year 
CGrey 659 3 894 0 1 698 kg/year 
CProcWW 843 0 0 0 kg/year 
COthWW 

2
 ? ? ? ? kg/year 

CDis 95 607 0 172 kg/year 
CSludge 4 992 14 391 0 5 925 kg/year 
      
LUrine 516 1 707 1 089 766 kg/year 
LFaeces 286 949 605 425 kg/year 
LGrey 329 1 055 696 488 kg/year 
LProcWW 

4
 0 0 0 0 kg/year 

LDis 925 3 100 (3 094) 
5
 1 135 1 346 (1 354) 

6
 kg/year 

TSludge (LSludge) 
1
 206 611 (616) 

5
 1 255 

5
 333 (325) 

6
 kg/year 

      
CPrepWaste 470 2 354 331 1 040 kg/year 
CProcWaste 5 10 1 609 0 kg/year 
COthWaste 

2
 ? ? ? ? kg/year 

COrgWaste 837 3 961 2 285 1 650 kg/year 
      
LPrepWaste 35 177 25 78 kg/year 
LProcWaste 

4
 0 0 0 0 kg/year 

LOrgWaste 35 177 25 78 kg/year 
      

 
1. In Ydre there was no large scale wastewater treatment plant. The sludge from small scale 

wastewater treatment plants and on-site treatment and was therefore an export from the 
system, and was therefore called LSludge instead of TSludge 

2. The value was left out in STAN so that STAN could calculate it in order to balance the 
flows 

3. Phosphorus was accumulated in growing children 
4. No local treatment of waste or wastewater from food processing industries came to 

knowledge in this study. 
5. Since the amount of phosphorus measured from small scale wastewater treatment was 

higher than the calculated theoretical value, the measured value was used and the 
phosphorus amount in sludge was reduced to compensate; theoretically calculated values 
within parentheses, values used in calculation without parentheses 

6. Since the amount of phosphorus measured from small scale wastewater treatment was 
lower than the calculated theoretical value, the measured value was used and the 
phosphorus amount in sludge was reduced to compensate; theoretically calculated values 
within parentheses, values used in calculation without parentheses 


