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Abstract 
 
Human food consumption has changed from the late 19th century to the 
turn of the millennium, and so has the need for resources to sustain this 
consumption. For the city of Linköping, situated in southeastern Sweden, 
the environmental imprint of an average inhabitant’s food consumption is 
studied from the year 1870 to the year 2000. The average consumer is the 
driving factor in this study, since changes in food consumption have a direct 
influence on the environmental imprint. This thesis analyses the 
environmental imprint of human food consumption from a historical 
perspective, by applying two different methods. An analysis of the average 
Swedish food consumption creates the basis for a material flow analysis of 
nitrogen and phosphorus, as well as a study of the spatial imprint. 
 
Emissions of nitrogen and phosphorus into the hydrosphere have decreased 
over this period for the system of food consumption and production for an 
average consumer, while the input via chemical fertilizer has increased 
significantly. The efficiency of this system could be increased if for instance 
more phosphorus in human excreta would be reused within the system 
instead of large deposition and losses into the hydrosphere. The spatial 
imprint of human food consumption shows, given the changing local 
preconditions, that less space would be needed for regional production of 
the consumed food. However, the share of today’s import and thus globally 
produced food doubles this spatial imprint.  
 
The results of this study show not only a strong influence of the 
consumption of meat and other animal products on the environmental 
imprint, but also great potential in the regional production of food. In the 
context of an increasing urban population, and thus additional billions of 
people who will live at an increasing distance from the agricultural 
production land, concern for the direct effects of our human food 
consumption can be of decisive importance for future sustainable food 
supply.  
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CHAPTER 1 

 
 

 INTRODUCTION 

From the very first moment of existence, a human being demands nourishment 
in order to sustain its need for energy, proteins and minerals to live and grow. 
This nourishment is initially obtained from the nearby surroundings. However, 
in order to sustain our diet, we utilize the soil and other natural resources from 
the environment. Whether or not these resources are used in a sustainable 
manner depends on many different factors, not at least on the individual diet 
and the population level. The basic need for nourishment seems however to be 
exceeded by increasing consumption and availability of food. In the case of a 
northern European country like Sweden, late 19th century industrialization gave 
way to a general rising food consumptioni leading to a population that increased 
in height, but also in average body mass. Quantitative proof of this is, for 
instance, the increase in the average weight and height of young Swedish 
soldiersii. Furthermore, the number of overweight people has significantly 
increased over the past decades in Sweden, and obesity is being considered a 
national health problem (Rössner 2002; SCB 2005b). This development is 
reflected in our demand on the environment as our pantry.  
 
The production of food has changed significantly since the late 19th century and 
the demand for more and cheaper products has moved the production area from 
nearby fields to distant continents. Agriculture has become increasingly resource-
intensive in terms of the use of both (fossil) energy and fertilizer, while the 
composition of the human diet has developed towards more animal products, 
the production of which demands more space and resources to produce. The 
consumer is considered the driving factor in this study, since changes in the 
average diet can influence the entire system of food consumption and 
production and thus the environmental imprint. In particular the increase in 
urban population might be a factor that induces more resource-intensive food 
consumption. 
 
The point of departure is to investigate some of the regional and global impacts 
on the environment, in respect to area and resources that are caused by human 

                                           
i Especially a higher intake of energy, with higher fat rate per energy unit. 
ii Tånneryd (1998) and Pliktverket (2005) supplied information on young Swedish soldiers, where the 
average height increased from 167.4 cm in 1841 to 179.9 cm in 2000; Average weight increased from 
65.8 kg in 1962 to 73.6 kg in 2000. From 1980 to the year 2000, the average weight of Swedish men 
and women increased by around 4 kg, while the average height increased by about 2 cm (SCB 2005a). 
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food consumption, combined with the shifting agricultural food production 
over the period from the late 19th century until the turn of the millennium.  
 
The aim of this study is to quantify and analyze some specific aspects of the 
environmental imprint of human food consumption, based on the example of 
an average inhabitant of the city of Linköping, situated in the county of 
Östergötland in southeastern Sweden, from the year 1870 to the year 2000. In 
order to evaluate the impact of the average food consumption (Paper I) on the 
environment, I chose to study the flow of nitrogen (Paper II) and phosphorus 
(Paper III and IV), as well as the spatial imprint (Paper V).  
 
The main research questions are: 
 
1) What historical changes can be detected in the environmental 

imprint of human food consumption from the year 1870 to the year 
2000? 

2) How does the flow of nitrogen and phosphorus change during this 
period? How do changes in consumption, agricultural production 
and waste handling influence the use and reuse of these nutrients? 

3) How does the area that is needed to sustain the consumption of a 
local population change? What potential lies in regional 
development and self-supply, compared to more globalized food 
production?  

 
In order to study the environmental imprint of human food consumption, 
different viewpoints have been used. To compile data on the average 
consumption of food from 1870 to 2000, a large number of dietary regulations 
for various hospitals all over Sweden, as well as literature and statistics 
concerning this subject, have been studied in Paper I. The results of this paper 
will be introduced in chapter 4. Based on Paper I, the flow of nitrogen and 
phosphorus is studied, in Paper II and III respectively, for the consumption and 
production of food, which corresponds to the functional subsystem ‘‘activity to 
nourish’’ (Baccini and Brunner 1991; Baccini and Bader 1996; Brunner and 
Rechberger 2004). Paper IV focuses on the process of waste handling, during the 
same time period, for the flow of phosphorus and its potential reuse with 
different sanitary arrangements. The results of Paper II, III and IV will be 
introduced and discussed in chapter 5. Material flow analysis, which is the 
method used in Paper II to IV is introduced in chapter 2. Paper V calculates the 
spatial imprint of food consumption for an inhabitant of Linköping for 1870, 
1900, 1950 and 2000, which is methodologically linked to the concept of the 
ecological footprint (Wackernagel and Rees 1996). All calculations in Paper II to 
V are based on an average consumer, an inhabitant of Linköping, and on the 
regional agricultural production in the county of Östergötland, for the period 
1870 to 2000.  
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CHAPTER 2 
 
 

METHODS 

 Food and environment 

The English economist and demographer Thomas Robert Malthus, argued as 
early as in the late 18th century his theoryiii that human kind, only through strict 
limitations on reproduction, would be able to sustain its supply of food 
(Malthus 2001; Linnér 2003). In the period after the Second World War, the 
Swedish-American scientist Georg Borgström debated the sustainability of food 
reserves. His approach to human food consumption was expressed in his 
concept of ghost acreagesiv. The term describes what in the modern ecological 
footprint-literature is referred to as the ‘‘overshoot’’ (Wackernagel et al 2002) of 
land that for instance a nation needs in order to sustain its food consumption. 
As Linnér (1998:194-195) states in his thesis The World Household, ‘‘Borgström 
anticipated the concept ecological footprints’’ with the ghost acreages. The 
concern for the sustainability of human food consumption, has been discussed 
by many other authors during recent years. The World Watch Institute has, in a 
number of articles, stated this apprehension (e.g. Brown 1999) and several other 
studies consider the impact of human food consumption on the environment 
(e.g. Meadows et al 1972; Harris and Kennedy 1999; Linnér 2003). The United 
Nations predict a population increase in urban areas of over two billion people 
from 2000 to 2030 (UN Statistics database; medium variant). Thus, in 2030, 61% 
of the global population is expected to be living in urban areas, with most 
certainly a significant distance to the agricultural land where their food is 
produced. Moreover, the Living Planet Report 2002 (WWF 2002) predicts an 
increase in global meat and fish consumption from 2000 to 2050 of 100%, 
which will probably lead to a significantly greater need for resources, such as 
nutrients and space for production. 
 
A common question in this context is whether or not it is possible to sustain the 
future human food consumption, especially considering a possible shift towards 
a consumption pattern with increasing amounts of meat and other animal 
products on a global scale. Attempts at carrying out a quantitative study of 
human food consumption’s need for resources have been made from different 
angles, of which two are applied in this study. These are material flow analysis 
                                           
iii Which was first published in 1798. 
iv This term was defined by Borgström as ’’the computed, non-visible acreage, which a country would 
require as a supplement to its present visible agricultural acreage in the form of tiled land in order to 
be able to feed itself’’ (cited from Linnér 1998:194). 
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and the spatial imprint. Both have a rather similar agenda – to shed light on the 
human impact on the environment in a quantitative context.  
 
This thesis focuses on the historical changes in the environmental imprint of 
human food consumption by applying two separate methods of quantification. 
A significant factor in this study is the relatively long time period of 130 years 
and the rather small scale of the study area, which makes it possible to study a 
per capita model and to include specific regional preconditions. This study 
reconstructs the agricultural area in the region, based on local individual 
consumption. Accordingly, the actual growth of the city area is not taken into 
account, but the number of inhabitants and the changes that are relevant to the 
analysis of this study, such as the sanitary system. 
 
The questions posed in this study demand different methods of quantification 
in order to provide a more specific knowledge about the relationship between 
human food consumption and the environment. The flow of nutrients is studied 
with a material flow analysis and leans towards the concept of activities in order 
to determine a functional subsystem for this study. The methodological 
approach of the spatial imprint is closely related to the concept of the ecological 
footprint. Three resources were chosen to quantify this impact;  
 

1) The flow of nitrogen through the system of food consumption and 
production 

2) The flow of phosphorus through the system of food consumption and 
production, with a specific analysis of phosphorus reuse in waste handling 

3) The area needed to sustain an average per capita consumption 
 
The common basis for this study is the endeavor to analyze the environmental 
impact, not by a mere measurement of pollutants, but by focusing on the 
average consumer’s impact on the entire cycle of production and consumption. 
Thus, it makes it possible to follow the effect of minor changes as well as 
shifting conditions, as for instance in agricultural practices and techniques. The 
spatial imprint and material flow analysis provide a more precise understanding 
of human activities, such as utilization of common resources. They do not single 
out specific processes or products, but visualize the complete system of, for 
example, the entire area needed for an individual’s food consumption. In a 
quantitative manner, they relate human activities and the assessed use of 
resources to the impact that these have on the environment. Both methods 
expand on the problem of human food consumption and the use of resources 
and relate this to consumers and their interaction with the environment. 
Furthermore, the following subjects will be targeted by applying these two 
methods: Firstly, the changing diet, predominantly the increase in the 
consumption of meat and other animal products, has to be taken into account 
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in the context of an increasing urban population; Secondly the self-sufficiency of 
regions versus the increasing distance between the production area and the 
consumer, and whether the latter must be considered a threat to a secured global 
food supply.  
 
Studies that often focus on similar questions are for instance studies of nutrient 
budgets based on recipients or catchment area (e.g. Karlsson 1989; Stålnacke 
1996; Arheimer et al 1997; Naturvårdsverket 1997a; Obernosterer et al 1998; 
Somloyódy et al 1999; Laakonen and Lehtonen 1999; Savage 2003), as well as 
agricultural system analysis (Andersson 1986; Naturvårdsverket 1997b; Hoffman 
1999) that both have a long tradition. Quantitative analyses of human 
consumption and its impact on the environment have also been considered in 
for instance Life Cycle Analysis and Energy Flow Studies, which analyze certain 
products or compile the use of a resource for a certain amount of food (e.g. 
Andersson 1998; Carlsson-Kanyama and Faist 2000; Cederberg 2002; Engström 
2004). However, the two methods that are applied in this study were chosen due 
to their capability of considering a larger context systematically and thus 
analyzing the interrelationship of human food consumption and the 
environment in a complex framework of human activities (cf Baccini and 
Brunner 1991). 
 

 Material Flow Analysis  

Material flow analysis is a method used to describe in a systematic way the 
correlation of different processes and the flows between them. It is a common 
tool used to analyze the flows in the human sphere - the anthroposphere 
(Baccini and Brunner 1991), based on the principle of mass balance (input 
equals output or results in a change in the stock). A material flow system 
consists of a system border, processes, and the flow of goods, materials or 
substances, between these processes, as well as flows into and out of the system.  
 
Starting in the 1970s (e.g. Newcombe et al 1978; Rauhut 1979), the metabolism 
of cities and regions has been studied in a quantitative manner regarding the 
flow of materials and/or substances affected by human activities. The 
terminology ‘‘industrial metabolism’’ was introduced in the 1980s by Robert U 
Ayres (Lohm 1998; Brunner and Rechberger 2004). Subsequently, the concept of 
the metabolism of society, often referred to as ‘‘industry’’, was further developed 
and applied in several research projects and publications (e.g. Baccini and 
Brunner 1991; Ayres and Simonis 1994; Brunner et al 1994; Fischer-Kowalski 
1998; Ayres 1999; Ayres and Ayres 2002). A functional approach to the 
anthroposphere is the division into four different activities as defined in Baccini 
and Brunner (1991), Baccini and Bader (1996) and Brunner and Rechberger 
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(2004). These activities aim to include all flows of the anthroposphere and hence 
cover all human related flows. They are: to nourish, to li ve and work, to transport 
and communicate and to clean. This study has an approach that is similar to the 
functional subsystem activity to nourish, in order to capture main processes that 
are related to human food consumption.  
 
The common terminology in the field of industrial ecology distinguishes 
between material and substance flow analysis. Substance flow analysis refers to 
single substances, as for instance heavy metals or biocides with a more or less 
specific environmental impact, while material flow analysis refers to studies of 
larger materials or products, signified by larger masses or volumes, such as water, 
oil or timber (Lohm 1998). In this study, the method itself has been labeled as 
material flow analysis whether it refers to either material or substance flows. 
Specific to this study is the methodological stretch towards a historical material 
flow analysis. The historical material flow analysis demands a broad approach 
for the collection of data and information, since specific measurements are 
rarely available. In order to make the historical input data computable, the data 
relating to product groups, production and consumption variables and other 
information have to be categorized and unified. Furthermore, the historical 
perspective puts demands on the model and especially the dynamic modeling, 
since only some points in time could be quantified.  
 
Other studies have, in a similar way to this study, analyzed the environmental 
impact of food production and consumption, and focused on the flow of 
nutrients and/or energy. Van der Voet (1996) studied the nitrogen flows of the 
European Union, with specific focus on the agricultural sector. Here the major 
conclusions were that the main flows of nitrogen derived from food production 
and that a strong reduction would only be possible with either a shift in diet or 
a radical change in agricultural policies and practices. Bleken and Bakken (1997) 
analyzed the nitrogen cost of food production for Norway. They stated that 
changes towards a more vegetarian diet as well as a better utilization of food 
could lead to major reductions in the Norwegian consumption of nitrogen. 
Pfister (2003) has studied a material flow analysis system for a rural Nicaraguan 
region. The results show evidence of nitrogen mining in the agricultural system, 
primarily in the soil for the production of staples, coffee and forest, and the 
need for new strategies in farm management. Faist (2000) analyzed the resource 
efficiency of the ‘‘activity to nourish’’, considering primary energy, focusing on 
different stakeholders’ decision making. However, energy saving measures that 
would be economically attractive could not be identified, since no significant 
decrease could be achieved using the studied measures along with low energy 
costs in the single processes. Kytzia et al (2004) studied the food production 
chain with an economically extended material flow analysis, and found that a 
vegan diet had a great influence on both energy consumption and land use in 
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their case study, situated in the Swiss lowlands. The interrelationship of different 
Swiss regions was analyzed in Hug (2002) regarding energy flows and the 
‘‘activity to nourish’’, and a low level of self-sufficiency of both the alpine and 
the lowland region was stated. 
 
For this study two different material flow analysis systems were defined. These 
will be hereafter referred to as system I and system II. System I is the main 
system, defined by the flows of nitrogen and phosphorus in food consumption 
and production. System II is ‘‘zooming in’’ on the process of waste handling, 
focusing on the reuse of phosphorus. 
 

Modeling procedure 

The method used here is the well known standard modeling concept. The 
procedure consists of the following four steps: 1) system analysisv, 2) 
formulation of the model equations, 3) calibration and 4) simulation including 
sensitivity and uncertainty analysis as well as parameter variation. The system 
analysis is presented in detail in appendices A and B. The other steps will be 
discussed below. 
 

Mathematical model 

A dynamic model to describe the system considered has been investigated. It is 
based on the method of dynamical material flow analysis. This method is 
described in detail in Baccini and Bader (1996) and has been applied to many 
case studies in different fields; Metal flows in the anthroposphere: Anderberg et 
al (1989), Bergbäck (1992), Zeltner et al (1999), Van der Voet et al (2000), Jonsson 
(2000) Sörme (2003) and Hedbrant (2003); Flows (substance, energy and 
financial) induced by the implementation of energy systems on a large scale: 
Real (1998), Bader et al (2003), Hug et al (2004) and Bader et al (2005); Flows 
related to buildings and infrastructure: Kohler et al (1999), Johnstone (2001) and 
Müller et al (2004); Nitrogen and phosphorus flows: Van der Voet (1996), 
Somloyódy et al (1999), Pfister (2003), and others.  
 
The dynamic model relates the time-dependent variables to each other by 
dynamic system equations. They describe mathematically the system behavior 
and the phenomenological knowledge of the system respectively. Mathematically, 

                                           
v System analysis is described as the definition of the system and its level of approximation; a) to 
define the boundary of the system considered and b) to define the processes and the flows between the 
processes taking the environment into account (definition by Bader and Scheidegger 2004). 
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the dynamic of the system is ‘‘hidden’’ in the structure and the type of equations 
and the so-called parameter functions. 
 
System I, which is applied for the calculation of the flows of nitrogen and 
phosphorus for food consumption and production, is presented in appendix A. 
The overall system of 81 equations contains 83 parameter functions describing 
the 81 system variables. A further parameter function, representing the 
population of Linköping, is introduced in order to obtain results for the whole 
city and per capita respectively. Mathematically the equations are a set of 6 
ordinary differential equations of first order, coupled with 75 algebraic 
equations. The initial conditions for the variables are defined by the flow pattern 
of figure 5.1 (see chapter 5). For system II, phosphorus flows in waste handling 
(chapter 5), the model approach uses 18 parameter functions to describe the 
system properties found, namely 2 input functions (consumption of vegetable 
and animal food) and 16 transfer-coefficients, describing the 5 “distribution” 
processes. All equations are given in appendix B. Figure 5.6 (see chapter 5) shows 
the flow pattern for this system, which defines the initial conditions for the 
variables. To distinguish system I for nitrogen (N) and phosphorus (P) from 
system II (waste handling), the notation Pw is used for the parameter functions 
of system II. Similar as for system I, the parameter functions are adapted to the 
available data in the calibration procedure described below (see also appendix A). 
The equations have been implemented in the computer program SIMBOX 
(Bader and Scheidegger 1995). All simulations, including uncertainty analysis 
have been performed on a Pentium 4/Celeron PC.  
 

Calibration 

Calibration is the art of finding both the appropriate parameter functions and 
the procedure to fit them to the available data. In general, the better the system 
knowledge, the more accurately the parameter functions are known. 
The parameter functions for the system of nitrogen and phosphorus flows in 
food consumption and production (system I) can be roughly classified into the 
following 5 groups: 
 

a) Consumption behavior: 
Yearly amount of consumption of animal and vegetable products per capita. 

b) Waste distribution patterns: 
Transfercoefficients of waste from the processes waste, household and food 
processing to reuse as fodder, reuse as (human) fertilizer, or waste deposition 
and emissions to the atmosphere and hydrosphere. 
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c) Agricultural demand: 
Specific amount of manure and fertilizer as well as specific area needed to grow 
vegetable and fodder. 

d) Process efficiencies: 
Ratio of processed to consumed food and ratio of produced and processed food. 

e) Emission and leakage characteristic of agriculture: 
Specific emissions and specific leakage from plant production to atmosphere 
and hydrosphere. 

 
Group a) describes the consumption habit as a function of time, whereas groups 
b) – e) represent the time-dependent technical manipulations and the natural 
conditions of the system considered. 
 

In this study, data are scarce: for the parameter functions of system I the data set 
provides a value for the years 1870, 1900, 1950 and 2000 with considerable 
uncertainty, especially in the distant past. Based on these rare data points, it was 
not possible to identify specific functional patterns for the different quantities. 
Therefore, in the sense of a first approximation, simple curvefits to the data have 
been chosen as parameter functions. The experience of experts in the field of 
curvefitting shows that interpolation with polynoms of low order is normally 
most suitable (Gnauck and Luther 2004). For that reason linear, quadratic (with 
minimal total curvature) and cubic splines (with zero curvature at both ends) 
were used as parameter functions. Figure A1 in appendix A shows all 3 
approximations. Finally, the most appropriate approximation has been selected, 
according to the intensity of oscillations and the plausibility of the results 
respectively. A problem commonly known using linear interpolation is the 
‘‘roughness’’ of the fit originating from the discontinuity of the first derivative. 
This ‘‘roughness’’ can be reduced by smoothing the corresponding variables.  
 
For system II, the procedure is similar to that used for system I. The parameter 
functions can be classified into two groups:  
 

a) Consumption behavior: Input functions, containing the yearly amount of 
consumption of vegetable and animal food 

b) Distribution patterns: Transfercoefficients of the five internal processes. 
 
For the same reasons as in system I above, simple spline curvefits of first, second 
and third order have been chosen as parameter functions.  
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Error propagation and sensitivity analysis 

Since the parameters most often include a specific uncertainty range, these 
uncertainties are subsequently conveyed to the variables (and stocks). Hedbrant 
and Sörme (2000) discuss the problem of uncertainties in material flow analysis 
for the case of urban heavy metal data collection. The historical data mainly 
supplied a minimum and maximum value for e.g. a certain yield per hectare, 
and thus, calculations were based on a mean value, while the range was taken 
into account in the uncertainty calculations. Further information can be 
obtained from appendices C and D. There are two different types of uncertainty 
calculations: First order calculations and calculations of the probability 
distribution of the variablesvi. Furthermore, sensitivity analysis can be applied to 
evaluate the influence of single parameters on the flows and stocks of the system. 
In Paper II, III and IV, the uncertainty was calculated for single parameters with 
the help of SIMBOX (Bader and Scheidegger 1995). For further information see 
chapter 5 and appendix C. 
 

 Spatial Imprint  

The concept of the spatial imprint is applied in order to distinguish it from the 
method of the ecological footprint, which is presented below. As the imprint 
metaphor indicates, it is used to point out the specific need of space for a 
human activity. Furthermore, it enables a transparent calculation of the local 
area needed to sustain an average food consumption, and thus make the imprint 
historically comparable. The spatial imprint does not therefore consider area 
equivalents for other resources than space, as for instance energy, fertilizers and 
waste disposal.  
 
The method of the ecological footprint has been created and developed by 
Wackernagel and Rees (1996) and has been used manifold in studies on the 
footprint of cities, regions and nations as well as international comparisons (e.g. 
Hakanen 1999; Lewan 2002; Sustainable Sonoma County with Redefining 
Progress 2002; Wackernagel et al 2002; WWF 2004, Johansson 2005). The 
ecological footprint is a spatial equivalent of biologically productive land as well 
as surface waters for all consumption. Most of the recent studies also include the 
need for energy and area for CO2 assimilation and waste deposition (e.g. 
Wackernagel et al 2002; WWF 2004). For the calculation of the ecological 
footprint, the area for biomass production is estimated as a so-called global 
hectare. For this, the total global yield is divided by the total bioproductive area 

                                           
vi Based on the probability distribution of parameters using Monte Carlo simulations (definition by 
Bader and Scheidegger 2004). 
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and, in some cases, multiplied by an equivalence factor for the product in 
question. The global yield therefore provides a tool for international 
comparisons of the sum of an average individual’s influence on the global 
resource household and makes it possible to evaluate the impact of the lifestyles 
of various cities, regions or nations. The concept of the ecological footprint has 
been used in many different studies to illustrate the human use of resources. The 
Living Planet Report (WWF 2002; 2004) compiles the footprint of a large 
number of countries, from the smallest total footprint in 2001, of Afghanistan 
with 0.3 hectares per capita, up to the largest in 2001, of the USA with 9.5 
hectares per capita. The area hereof that can be related to the production and 
consumption of food (sum of cropland, grazing land and fishing ground) would 
be 0.09 and 1.63 hectares per capita for Afghanistan and the USA respectively. 
The studies of Wackernagel et al (2002) and others that compare the ecological 
footprint of several nations and regions, show similar large variations (see Paper 
V). 
 
The following studies cover the ecological footprint of food consumption and 
production from a historical perspective from the 19th century onwards. Land 
use changes in Austrian villages, situated in different parts of the country during 
the 19th century, were studied by Krausmann (2004). The investigation was based 
on the Franciscean Cadastre, and showed for 1830 an average food footprint of 
about 1.7 hectares per capita in the Austrian Upland, over 3 hectares per capita 
in the Alpine region and merely 0.77 hectares per capita in the Lowland. Cussó 
et al (2003) estimated for the Vallès County in Catalonia, Spain for 1860/1870 a 
requirement of 1.17 hectares to sustain an individual’s consumption, though 
including 0.48 hectares of forest. The Catalonian data was also based on 
cadastral sources. Although these historical studies are rather hard to compare 
due to differences in historical sources, definitions and analysis, the studies 
correspond rather well to each other, given their geographical location. Other 
studies have been conducted with a historical approach, though with a shorter 
time scale, by for instance Haberl et al (2001), Erb (2004) and Wackernagel et al 
(2004b). Krausmann (2004) and Cussó et al (2003) use the local yield in their 
studies. Erb (2004) studied the actual land area that was needed to sustain the 
consumption of Austria from 1926 to 2000, and Wackernagel et al (2004b) 
compared the actual land area approach to the conventional ecological footprint 
approach for Austria, the Philippines, and South Korea for the period 1961-
1999. Specific conceptual problems with the method of the ecological footprint, 
such as the application of the local or global yield, were addressed in 
methodological discussions by several studies (Haberl et al 2001; Erb 2004; 
Monfreda et al 2004; Wackernagel et al 2004a).  
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Data uncertainties 

The empirical data was obtained from various sources, both from archives, 
annual reports, literature and national statistics. Historical data unquestionably 
holds a certain amount of uncertainty, not at least for the late 20th and early 21st 
century, that have to be taken into account when modeling and calculating. Data 
used to define processes, transfer coefficients and flows inherit therefore a range 
of uncertainty, which has to be considered in the general conclusions by testing 
the sensitivity of the system.  
 
In material flow analysis studies, the uncertainty or range of input data for 
single parameters is handled by testing the sensitivity of the system for the 
specific parameter or for several parameters. The flows in system I and II are 
tested for uncertainty in the input of food and the uncertainty in the fodder 
data and secondary waste and sludge handling data respectively. The results of 
the uncertainty analysis are presented in appendix C. 
 
In the study of the spatial imprint (Paper V), the uncertainty or range of single 
input data was included in a straightforward manner into the calculations and 
resulted in a specific range, marked as ‘‘minimum’’ and ‘‘maximum’’. Since the 
results show the sum of the total spatial imprint, the specific influence of a 
single parameter (i.e. beef production), is not visible. In ecological footprint 
studies, the uncertainties are caused by the input data and specifically by the 
following two approaches to the calculation of the footprint. The global yield, 
which is utilized in many studies, is based on a rough estimation of the total 
bioproductive area that is used for the production of a certain food, divided by 
the total global yield of this food. Hence, global yield includes all production 
areas of the world and consequently uncertainties in data sources and 
information. The local yield, on the other hand, avoids this by using mostly 
national or regional data, which allows greater certainty in the factual data on 
the yield of certain foods. However, the local yield is often applied in historical 
studies, which in turn implies estimations for longer time periods and historical 
agricultural data with higher uncertainty. In Paper V, uncertainties in the local 
historical data are approached by including ranges for yield data of each food 
group, which in the end add up to a ‘‘minimum’’ and ‘‘maximum’’ result for 
each point in time. 
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CHAPTER 3 
 
 

DATA AND STUDY AREA 

 Linköping 

The setting of this study is the city of Linköping, situated in southeastern 
Sweden, in the county of Östergötland (cf figure 3.1). The appearance of the city 
has changed during the 130 years of this study from the clerical and 
administrative center of the county with about 7 300 inhabitants and has 
become the fifth largest municipality in Sweden with a major university, aircraft 
manufacturing and high-tech industry. In 2000 the inner cityvii had about 94 000 
inhabitants (Linköpings kommun 2003). The surrounding countryside is 
characterized by a predominantly plane landscape with several larger lakes and 
rivers.  

Figure 3.1 
The city of Linköping in 1877 (Source: Lantmäteriet i Östergötlands län), situated in the 
county of Östergötland (in gray shading) in the South East of Sweden (Source: own). 
 
 
                                           
vii In Swedish: tätort 
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The river Stångå which originates in the southern part of the county crosses 
through the city and is still to the present day, even though to some reduced 
share, both supplying the city with freshwater and receiving its wastewaters, 
before it flows into lake Roxen north of the city.  
 
The county is situated in the boreonemoral vegetation zone, which is mainly 
defined by mixed forests, both coniferous trees and birch, but also oak, aspen 
and other deciduous trees, with a growing season of about 190-200 days (Raab 
and Vedin 1995). The average temperature ranges from –3/0 degrees Celsius in 
January to 15/17 degrees Celsius in July, and annual precipitation is on average 
500-700 mm (Linköpings kommun 2003; average range for 1931 to 2000). The 
inland ice withdrew about 10 000 years ago. Due to the subsequent rise in sea 
level in the Baltic Sea, the county was covered with water, to which the fertile 
soils in the western part bear witness. The first settlements in this region were 
not established until 7000-6000 years BC (Söderbäck 1995; Engberg et al 1996). 
The terrain consists mainly of moraine and lime rich soils, often clay, with many 
lakes (Söderbäck 1995; Länsstyrelsen i Östergötlands län 1983). The second 
largest Swedish lake (Lake Vättern) defines the county border to the west and the 
Baltic Sea with its archipelago to the east. 
 
 

 The city and its waste handling system 

In 1870 the city looked much like any other smaller city in Sweden at this time. 
Houses were mainly built of wood, except for a few larger stone buildings, that 
were situated around the market square. Small lots of urban agriculture could be 
found in the central parts of the city, where domestic animals were kept and 
urban gardening was practiced (cf figure 3.2).  
 
The main implementation concerning infrastructure was the gas network that 
was installed in 1861 (Almroth and Kolsgård 1978) and demanded a large 
amount of the city’s financial resources. In 1872, Linköping was connected to 
the national railway (Noreen 1978). Apart from that, infrastructure was 
rudimentary. Streets were only partly covered with cobblestone. Water was 
fetched from the river Stångå, either directly or from pumps, or obtained from 
ground water wells with pumps in the center of the town. Human excreta were 
predominantly collected in cesspits and partly in more or less watertight buckets 
(Hallström 2002).  
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Figure 3.2 

Panorama of Linköping in 1889  
(Source: Didrik von Essen 1889, Östergötlands Länsmuseum) 

 
 
During the 1870s, the first water and wastewater system was constructed. Water 
was extracted upstream from the city from the river Stångå and transported with 
water-powered pumps to the reservoir that was situated just above the town on a 
hillside. From there, water ran with self-pressure through pipes to the yards and 
houses of the inner city. Sewer pipes were constructed in five dividing trails via 
the main streets down to the river Stångå. While sanitation still consisted mainly 
of cesspits and buckets, the following years introduced both urine-diverting 
toilets and the first water closets (Hallström 2002). Concurrently, the sewer 
system successively expanded (cf figure 3.3). During this early period, latrines 
were collected from yards and mainly distributed to the nearby arable land, 
whereas some share of 10-30% was expected to be fed to livestock such as pigs 
that were kept in the city. During the following decades, a rising number of 
houses and apartments were connected to the water and sewer system, and the 
number of water closets increased.  
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Figure 3.3 

Waterpipes are installed at Barnhemsgatan in the inner city 1902 
(Source: Didrik von Essen 1902, Östergötlands Länsmuseum) 

 
By the 1950s, when the first wastewater treatment plant was built, about 90% of 
all inhabitants were connected to the urban sewers, and about 60% of these were 
linked to the wastewater treatment plantviii. However, early mechanical treatment 
did not remove a large proportion of the nutrients that were contained in the 
urban sewerage. The nutrient-poor sludge was mainly deposited. Not until the 
1970s was a special purification of phosphorus introduced (see appendix D). 
Sludge dehydration facilitated the reuse of the nutrients in agriculture and 
increasing amounts were subsequently recycled, until a sludge boycott was 
initiated by the farmers union (LRF) in the late 1980s and 1990s (Agustinsson 

                                           
viii In order to reduce inconsistency in the database, the year 1950 applies data for the sanitary system 
of the year 1952, when the wastewater treatment plant was installed. 
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2003). Nationwide, in 2000, on average 21% of the sludge produced was reused 
in Swedish agriculture (Naturvårdsverket 2002)ix. 
 
 

 Historical development in the regional agriculture 

Linköping is surrounded by a plane and fertile agricultural landscape with 
production of primarily cereal crops, but also vegetables and fruits, as well as 
livestock breeding, dairy and egg production. Agricultural productivity of these 
products has increased significantly over the period of 130 years, due to advances 
in agricultural practices and techniques, increased use of (fossil) energy and 
chemical fertilizers, but also due to crop improvement and animal breedingx.  
 
Data for 1870 and 1900 was mainly compiled from the Agricultural Society of 
the County of Östergötland (Östergötlands läns hushållningssällskap, HÖ), however 
information on some products or for some years, which were incomplete for the 
county, had to be obtained from national Swedish historical data. 
 
For 1950, the average yield for Östergötland was received from the national 
Swedish historical statistics (SOS 1959), while for the year 2000, official statistics 
were available on a county basis (SCB 2001; SCB and SJV 2003).  
 
Figure 3.4 shows the average yield for compiled and generalized food groups. 
While cereals, fruits and sugar increased in a rather linear manner, the yield per 
hectare for vegetables and potatoes increased considerably from 1950 to 2000. 

                                           
ix In Linköping the variations in data on sludge reuse concerning the years around 2000 are great 
(Tekniska Verken 1991-2002). Thus, the Swedish average was used in this study since it was considered 
most representative. In the case of Linköping, a large share of this agricultural area is not used for food 
production, but for energy forest, which is not specified in system II, but will be discussed in Paper IV. 
xIn Swedish: förädling and avel 
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Figure 3.4 
Agricultural yield per hectare and year in the county of Östergötland (data for sugar and fruits 
are based on Swedish average data due to lack of information for the county of 
Östergötland)xi based on HÖ (1869-1951); SOS (1959); SCB (2001); SCB and SJV (2003). 
 
 
The vast increase in yield was, as mentioned above, partly based on the increased 
use of chemical fertilizer. Animal manure was at all times used in agriculture, 
and a thorough analysis of the historical development of the use of manure and 
fertilizer in Sweden during the late 19th and early 20th century (Hoffman 1999) 
supplied information on the use of nitrogen in both manure and chemical 
fertilizer. The proportion of phosphorus in manure had to be assumed to be 
equivalent during the entire period, due to a lack of more concise data on this 
matter. Phosphorus in chemical fertilizer was calculated according to Jansson 
(1988). For the year 2000, the use of nitrogen and phosphorus via fertilizer was 
supplied by the official agricultural statistics (SOS 2003a). The average 
application of nitrogen and phosphorus through manure has approximately 
doubled from 1870 to 2000, and the application of chemical fertilizer to arable 
land rose from none in 1870 to a high application in the year 2000 of 7 kg of 
phosphorus per hectare per year and to over 60 kg of nitrogen per hectare per 
year (see appendix D). Information on emissions from agriculture for 1870, 1900 

                                           
xi Note, that only data points for the 4 points in time exist. Hence, the linear development between 
these points in time is merely an assumption. For 1870 and 1900 data for vegetables was, due to lack of 
more precise data, calculated on an average of legumes, peas and root crops, and for fruits data was 
calculated on an average for apples, pears and plums. For 1950 and 2000 all data was calculated in 
relation to the average consumption. (For further information see appendix D). 
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and partly for 1950 was obtained from Hoffman (1999). Additional information 
was obtained from national agricultural statistics (SOS 2003a). 
 

 
Figure 3.5 

Livestock on pasture on the outskirts of the town; Valla, 1903  
Today this area is close to the University Campus. 

(Source: Didrik von Essen 1903, Östergötlands Länsmuseum) 
 
Regarding the information on animal production (cf figure 3.5), the historical 
data is less specific. A larger statistical investigation has been conducted by the 
Agricultural Society of the County of Östergötland on the production of milk, 
with an overview from 1900 to 1950 (HÖ 1951). The input of fodder for the 
production of one liter of milk decreased from about 2.7 kg in 1870 to about 1.5 
kg in 1950. For the year 2000, the calculations carried out by the Swedish 
Environmental Protection Agency (Naturvårdsverket 1997e) were used, giving an 
input of on average 0.8 kg per liter of milk. The composition of fodder changed 
significantly however over time. Considering the production of meat, data was 
calculated based on an annual report of the county’s agricultural school (HÖ 
1885) and a similar advance in breeding as in dairy farming was assumed. An 
average for the 1950s for meat, egg and poultry production was given by Norin 
(1963). For 2000, information was mainly obtained from two complementary 
sources (SLU 1996; Naturvårdsverket 1997e). For further information see 
appendix D. 
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CHAPTER 4 
 
 

FOOD AND CONSUMPTION CHANGES  

Food consumption has a significant impact on the use of resources such as 
space, water, energy and nutrients. Paper I studies the quantity and composition 
of the Swedish diet based on hospital dietary regulations from 1871 to 1928 
(Royal Medical Archives). The consumption of 1930-1940 is obtained from 
reports on living standards from official statistics (Kungliga Socialstyrelsen 1938; 
1943), and a national average calculated by the economist Lars Juréen (cited in 
Morell 1989). From 1950 to 2000, official national statistics were used, giving an 
annual per capita consumption (SJV 2003a).  
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Figure 4.1 
The share of different food groups in the average Swedish diet from 1870-2000 (1871-1928 is 
based on the hospital diet, studied in Paper I). Calculations are based on the share of each 
year’s total per capita consumption in kg. 
 
 
Figure 4.1 shows the relative distribution of food, divided into three groups, for 
the study period. The proportion of meat and fish increased from 11 to 16 %, 
while dairy products and egg decreased (note that dairy products are calculated 
in kg of food, not milk equivalents). The proportion of vegetable products 
increased from 37 to 54% despite a decrease in the consumption of cereals. 
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Paper I shows a distinctive increase in the consumption of meat, fish, vegetables 
and fruits. The consumption of cereals and milk, on the other hand, decreased 
over the same period. Furthermore, a clear regional pattern in the consumption 
of meat and fish in the dietary regulations could be noted. 
 
The results were compared to several national investigations and studies of 
German and Finnish food consumption in the late 19th and early 20th century. 
Particular attention had to be paid to those foods which were exaggerated in the 
hospital diet due to special nutritious value or nutrient-cost efficiency, such as 
milk, cereals and meat. Uncertainties in the hospital diet have been evaluated 
and a national study has been used for the average data of meat, milk and cheese 
in the following studies (Paper II to V). However, clear trends can be stated for 
the general development of human food consumption for an average Swedish 
consumer. Most distinctive is the increase in meat consumption. The average 
consumer has during this period almost doubled their consumption of meat, 
which is an important factor in the following estimation of the environmental 
imprint of human food consumption. Figure 4.2 shows the increase in 
consumption of meat and fish during this period. 

Figure 4.2 
The daily per capita consumption of meat and fish (1871 to 1928 is based on the hospital diet 
studied in Paper I). Average value in kg. 
 
 
Another important change is the decrease in consumption of milk, but increase 
in the total consumption of dairy products, when considering the amount of 
milk required for the production of cheese and butter. The consumption of 
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cereals has decreased, while the amount of potatoes consumed has more than 
doubled from 1900 to 1950 (see Paper I). 
 
Despite the fact that the hospital diet represents an institutional diet, and hence 
has for instance possibilities for storage, the chosen group of patients in the 
main wardxii appeared to be fairly comparable to the average of the Swedish 
population. Even if this meant ill or convalescent people ‘‘in a state of rest’’, the 
average of patients of all ages, both male and female, was very much coherent 
with other studies of the average national diet, both for Sweden and comparable 
countries (cf Paper I). For the following studies (Paper II, III, IV and V), however, 
three food groups that were strongly influenced by the character of the hospital 
diet – meat, milk and cheese, were applied according to data obtained from the 
1942 investigation of the average Swedish diet, based on import, export and 
production statistics by Juréen (cited in Morell, 1989), as described in appendix 
D.  
 

 
Figure 4.3 

Women sorting peas at Linköping’s canning factory around 1950 
(Source: Arne Gustafsson, Bild Linköping) 

 
 
                                           
xii In Swedish: allmän sal 
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While food processing has mostly been a household-based activity in early times, 
the upcoming industrial processing of the 20th century (cf figure 4.3) created 
increasing amounts of organic waste that were only partially reused in animal or 
plant production (see appendix D). Concurrently, new freezing and conservation 
techniques made foods available for consumption at all times and thus probably 
contributed to dietary changes. 
 
The increase in food consumption, both in terms of energy as well as most 
animal products, as shown in Paper I, is most certainly reflected in the increase 
in height and weight of the Swedish population. Tånneryd (1998) has compiled 
historical data on the height of young Swedish men being examined for military 
service, and stated an increase in height from 1.67 meters on average in 1841 to 
1.79 meters in 1997. An increase in weight for young Swedish soldiers of 7.8 kg 
from 1962 to 2000 was noted by the Swedish National Service Administration 
(Pliktverket 2005). 
 

 27



CHAPTER 5 
 
 

FOOD AND NUTRIENT FLOWS 

The flow of nutrients for the system of food consumption and production is 
studied for nitrogen and phosphorus (Paper III and IV). Both nutrients are 
significant for the environmental imprint of changes in food consumption and 
production. The system for both nutrients is defined in the same way and 
describes flows into and within the system, but also emissions into the 
environment. The efficiency in usage of both nutrients is subject to the analysis.  
 
 

 System  

The system border is defined by the consumption and production of food for an 
average inhabitant of Linköping for the years 1870, 1900, 1950 and 2000. In 
total the system consists of 81 equations linking the 81 variables. Figure 5.1 
presents the 24 main flows for this system. Flows of products from animal and 
plant production to industrial processing, the flow of food from industrial to 
household processing as well as the flow of food from household processing to 
consumption are divided into several sub-flows, in order to facilitate specific 
calculations for each of the 11 food groups. The four years that were investigated 
(1870, 1900, 1950, 2000) for the flows of nitrogen and phosphorus were chosen 
as representative for the stages of development in food consumption, agriculture, 
but also the sanitary system of the city. These four ‘‘typologies’’ represent a 
shifting context that can be analyzed through the two nutrients nitrogen and 
phosphorus. Both have very specific characteristics that make them invaluable 
for the analysis of the system. The six processes that are included in this system 
are: 
 

(1) Animal Production 
(2) Plant Production  
(3) Industrial Processing 
(4) Household Processing 
(5) Consumption 
(6) Waste Handling 
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Figure 5.1 

The system of the consumption and production of food for the flow of nutrients per capita 
and year (system I). The boxes indicate processes and the arrows indicate the related input and 
output flows with a description of the flow. The system border is defined for the consumption 
and production of food for an average inhabitant of Linköping. Surplus includes manure, rest 
products, losses and animal cadaver. The upward arrows, marked emissions, are flows to the 
atmosphere, and the downward arrows marked emissions and leakage are flows to the 
hydrosphere. The flows labeled emission into the atmosphere are only relevant for nitrogen. 
 
 

 Nitrogen 

Nitrogen is most essential for sustaining organisms. It is part of most organic 
matter and appears in amino acids, nucleic acids, enzymes and chlorophyll (Smil 
1990). Furthermore, nitrogen in different chemical forms is found both in 
aquatic as well as atmospheric media, and has therefore a rather intricate cycle. 
Besides its role as a component of nitrous oxide, one of the most important 
greenhouse gases, which has one of its main anthropogenic sources from 
agriculture (IPCC 1996), it is also a key contributor to eutrophication of surface 
waters in the Swedish environment. Most nitrogen that is emitted into rivers, 
lakes and the Baltic Sea originates from agriculture, but the local wastewater 
treatment plants should not be underestimated either regarding point pollutions. 
Various nitrogen compounds which impact differently on the environment are 
part of the flows within this system. The Swedish Environmental Protection 
Agency aims for a decrease in nitrogen emissions to the hydrosphere (zero 
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eutrophication), which is still however an ongoing environmental challenge 
(Naturvårdsverket 1997a; Naturvårdsverket 1997f; Bratt 2003). In Paper II, the 
flow of nitrogen is analyzed for the system of food consumption and 
production. 
 
 

Food and nitrogen flows 

The total flow of nitrogen for the four years that were modeled (1870, 1900, 
1950, 2000) is shown in figure 5.2 below. The flow of nitrogen is quantified as 
the total amount of input, internal flows and output flows. The impact on the 
environment from different nitrogen compounds is however not quantified, as 
for instance the proportion of N2 and N2O is not specified in this model (for 
further information see appendix D). 
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Figure 5.2 cf page 32 
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Figure 5.2 

The required flow of nitrogen for human food consumption and production. Calculations are 
based on an average inhabitant of Linköping for the years 1870, 1900, 1950 and 2000, and a 
regional production of all food. The data gives the flow of nitrogen in kg per capita and year. 
Stocks are calculated, but due to the definition of the system they are not shown or discussed 
in this study. 
 
 
Figure 5.2 shows the results of the flow of nitrogen through the system of food 
consumption and production, where the variation in the preconditions of each 
time-specific system is the basis for the shift in flows during this period.  
 
Comparing the development for the entire period, the total load per capita 
disposed of into the environment decreased by about 30%. Emissions into the 
hydrosphere from waste handling increased from 0.57 kg to 3.1 kg N/cap per 
year. There was no flow of nitrogen to the waste deposit in 1870 and 1900, 
however in the year 2000 1.7 kg N/cap were deposited. The largest flow was 
fodder from plant production to animal production, which decreased from 23 
kg N/cap per year to 18.5 kg N/cap per year, followed by chemical fertilizer, 
which rose from zero to 15 kg N/cap per year in 2000. 
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A different reflection of this development is the relationship between reuse and 
losses in the human-determined use and handling of nitrogen. The ratio of 
reused nitrogen, defined as the reuse flows from industrial and household 
processing as well as waste handling to animal and plant production, opposed to 
losses from these three processes, decreased considerably during this period. 
Figure 5.3 shows this ratio, reflecting a development from a high reuse level of 
close to 3:1 to a comparably nearly insignificant reuse level of about 1:3.  
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Figure 5.3 

The generalized development for the ratio of the total sum of reused flows to the total sum of 
losses (from industrial and household processing as well as waste handling). Calculations are 
based on an average inhabitant of Linköping from 1870 to 2000. Note that only four data 
points were given (1870, 1900, 1950, 2000). 
 
 
The balance of, for instance, the process plant production indicates evidence of 
nitrogen mining, especially in the early years. However, since nitrogen-saving 
practices such as fallow and crop sequence are not included in the calculations, 
the negative stocks that can be found in the system (predominantly in the 
process plant production) are not significant for the region or the agricultural soil 
itself, but merely for the per capita calculations, which are based on an average 
consumer in an abstract system. 
 
The efficiency of plant production has increased significantly during this period, 
as has the efficiency of animal production. The ratio of nitrogen in fodder 
versus nitrogen in animal product (meat and dairy products) has decreased to a 
third of the original amount during this period, i.e. the efficiency of input 
fodder for the output animal product has increased threefold, from about 9:1 to 
about 3:1. 
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 Phosphorus 

Phosphorus is a limited resource, and of great interest for food security, as it is 
an essential nutrient for the agricultural production of food. At the same time it 
creates a pollution problem for the aquatic environment in Sweden, contributing 
to eutrophication of surface waters and the Baltic Sea. The recycling of 
phosphorus is therefore of great importance for a secured food supply and 
sustainable food production, both in a local and global perspective and to 
prevent pollution of the local environment (Runge-Metzger 1995; 
Naturvårdsverket 1997c; Naturvårdsverket 2002; Rosemarin 2004).  
 
The expected cease of the global resources of mineable phosphorus rock is by 
some researchers estimated to occur as early as in 130 years (Smil 1990; Günther 
1997, Rosemarin 2004), based on the current utilization in agriculture. 
Phosphorus can however be recycled from the urban sewerage and reused in 
agriculture (see Paper IV). Although this potential has long been known, the 
modern sewer system has developed in the opposite direction and increasingly 
lost the phosphorus directly to the hydrosphere or created a toxic and therefore 
valueless sludge from which phosphorus is hardly reusable. In this chapter, the 
flow of phosphorus through the system of food consumption and production 
from 1870 to 2000 will be presented. The chapter on phosphorus reuse in waste 
handling will then be focusing on the historical development and future 
possibilities of phosphorus recycling within waste handling. 
 
 

Food and phosphorus flows 

The changes in flows between the different processes of the system as well as 
input flows and output flows to the environment are shown in figure 5.4. The 
flow of phosphorus in food to the consumer (and in the same way the output to 
the process of waste handling) increased by about 30%. The output flow to the 
hydrosphere decreased by about 30%, while the output flow to the waste deposit 
increased from zero in 1870 to 0.55 kg/cap per year in 2000. The largest flows 
are those of fodder, which decreased from 3.4 and 3.9 kg/cap per year in 1870 
and 1900 respectively to 3 kg/cap per year in 2000, and the flow of manure from 
animal production to plant production, which decreased from 2.5 kg/cap per 
year in 1870, after a peak in 1950, to 1.8 kg/cap per year in 2000. Overall, the 
flows within the system remained relatively stable, despite significant changes in 
agricultural efficiency and food consumption. 
 
Figure 5.4 also shows an imbalance in the system and in some processes, stocks 
of phosphorus accumulate. The accumulation in the process animal production 
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is shown as surplus output flow from the system. The stock in the process of 
plant production is not shown in figure 5.4, since it is considered insignificant 
for the purpose of this study. Phosphorus has been ‘‘mined’’ from agricultural 
ground since more phosphorus was removed by harvest and leakage than 
contributed by natural or chemical fertilization. However, in our abstract per 
capita system, the lack of crop sequence, fallow, and other agricultural 
preconditions give an unfortunately inaccurate picture on this point. The result 
indicates phosphorus mining in 1870 and 1900, while for instance the practice 
of regular fallow partly prohibited such mining. 
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Figure 5.4 
 required flow of phosphorus in 1870, 1900, 1950 and 2000 for the consumption
uction of food for one average inhabitant of Linköping. The data gives the flo
phorus in kg per capita and year. Stocks are calculated, but due to the definition of t

em not shown or discussed in this study, since they are insignificant in this spe
ysis. 

 phosphorus reuse ratio, calculated using the sum of reuse flows and the 
losses from industrial and household processing, as well as waste handling
mal and plant production, indicates a significant decrease from 1870 to
 generalized development is shown in figure 5.5. The initially high reus

ecreased to a ratio of 1:1.5 with less reuse than losses. It has to be no
 this graph is only based on data for four points in time. Inten
sphorus purification since the 1970s, combined with the dehydration
ge from the wastewater treatment plant made a higher reuse of phospho

m human excreta possible (see Paper IV). 
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Figure 5.5 

The generalized development for the ratio of the total sum of reused flows to the total sum of 
losses (from industrial and household processing as well as waste handling). Calculations are 
based on an average inhabitant of Linköping for the years 1870 to 2000. Note that only four 
data points were given (1870, 1900, 1950, 2000). 
 
 
The main reason for this development is the vast shift in waste handling, which 

as the largest contributing factor in this decrease. The figures for the average 
wedish reuse of sludge in agriculture partly obscure the fact that a certain 
roportion of this sludge is used for energy forest and not for food production. 
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use of phosphorus with regard to different sanitary arrangements. The system 
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us phosphorus from human excreta,

e further in the near future. For a s
elopment is most certainly alarming
ed in the subsequent chapter, focu
though the largest flows are to and fr
es in sanitation arrangements hav
 as will be shown in the following. 

Phosphorus recycling in waste handling 

Paper IV studies phosphorus recycling, f
re
id
alternative waste handling of human excreta.  
 
The phosphorus flow model for waste handling is constructed as follows; the 
system border is defined by waste handling of human excreta. It consists of five 
processes within the system;  
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(1) human consumption 
(2) faeces collection 
(3) urine collection 
(4) secondary treatment 
(5) sludge handling 

 
and five processes outside the system border;  

 
(6) livestock 
(7) plants, soil 

 
Figure 5.6 

T ption and waste handling for the flow of phosphorus per capita and 
yea The boxes indicate processes nd the arrows indicate the related input and 
output flows with a description of the flow The system border is defined for the food 
consumption and waste handling for an average inhabitant of Linköping. 
 
 
The procedure is rather similar to the nitrogen and phosphorus household of 
system I. Therefore only the most important steps are discussed in appendix B. 
Paper IV analyses the generalized development of the reuse of nutrients from 
human excreta for the city of Linköping, which can be considered the 
approximate development for most Swedish cities. During these 130 years, the 
system has gone through some noticeable changes.  
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In 1870, a considerable proportion of the phosphorus in urine and faeces was 
recycled. During the following years, most faeces were still collected in cesspits, 
however some urine diversion was introduced and urine was led into the newly 
built sewer pipes that lead in the river Stångå, the local recipient. In 1900, some 
water closets had been installed, and more phosphorus that was contained in 
both urine and faeces was directly discharged into the river. All cesspits had by 
then been replaced by watertight buckets (Hallström 2002). Due to the increasing 
number of water closets in the city and a further expansion of the sewer pipe 
network, the reuse of phosphorus from human excreta diminished drastically 
during the following decennia. When in the 1950s the majority of inhabitants 
were connected to the newly built wastewater treatment plant, only a small 
proportion of the phosphorus from sewer sludge was extracted, and due to the 
lack of dehydration, the extracted phosphorus ended up on the landfill. In the 
early 1970s the wastewater treatment plant was equipped with a phosphorus 
purification unit, and about 90% of the phosphorus was extracted from the 
incoming wastewater. Sludge dehydration facilitated the reuse of phosphorus-
rich sludge in agriculture. In 2000, p osphorus removal in the wastewater 
treatment plant was about 97%, b  resistance to the application of 

essary to bear in 
ind, though, that this calculation only considers approximately less than two 

xiii

h
ut due to

phosphorus-rich sludge in agriculture, the majority was deposited on the landfill. 
The system in figure 5.7 shows for the beginning and the end of our observation 
period the specific flow of phosphorus from human consumption through the 
waste handling system (for further results see Paper IV). It is nec
m
thirds in 1870 and about one fifth in 2000 of the total turnover  of phosphorus 
in the system of food production. 
 

                                           
xiii Turnover in this case is based on the total input to the processes plant production and animal 
production (see Paper III). In 1870, this is 0.74 of which 0.43 kg per capita per year is the proportion 
that is released to the waste handling system. In 2000, the amounts are 2.48 kg per capita per year, of 
which 0.57 is released from the process human consumption. 
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Figure 5.7 
The system of waste handling and recycling for an average inhabitant in the city of Linköping 
for 1870 and 2000. 
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A significant factor in this system is the total reuse of phosphorus over time in 
livestock breeding and agriculture. The main development is described by the 
sum of all reuse as shown in figure 5.8. Since system II, in contrast to system I, 
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includes several additional points in time, the graph shows the changes in reuse 
caused by a) the total connection to the sewers up to the 1950s, b) the additional 
phosphorus purification unit in 1972, which facilitated an extraction of 90% of 
the phosphorus from the incoming wastewater, and c) the shift in sludge reuse.  

 
 

 
Figure 5.8 

Sum of all reuse from the system of waste han ing in total amounts of phosphorus in kg per 
capita per year from 1870 to 2000. 

alculations show a rather distinct development; the shift in sanitation 

on landfills has been prohibited since e beginning of 2005 (Olofsson 2004), 
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C
arrangements, which can be described as from recycling to linear, has 
contributed to a reduced reuse of phosphorus. Linköping can be considered a 
typical example for the Swedish, or even European path from small local 
sanitation arrangements, with reuse from latrines to the soil, to large-scale, 
technical solutions. Western society has built its way into a sanitation system 
during the last centuries, which destined the path to a linear flow of nutrients 
(Drangert and Hallström 2002; Hallström 2002; Drangert and Löwgren 2005; 
Drangert and Hallström 2005). However, since the deposition of organic waste 
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 Discussion  

io of a total reuse of human excreta, 
ould theoretically sustain 27% of the total phosphorus and up to one third of 
e total nitrogen in fertilizer required for food production. For a diet with a 

lower intake of meat, such as that described above, an even larger amount of the 
fertilizer needed could be susta e. Ecological sanitation (e.g. 
Jönsson et al 2004; Drangert 2004) shows a path for securing nutrients from 

The reuse ratio for both nitrogen and phosphorus per capita evolved from a 
high to a low reuse. In the case of nitrogen, losses from the system of food 
consumption and production into the environment decreased by about 30%. 
Emissions of phosphorus into the environment increased significantly from 
1870 to 1950, but decreased again towards 2000 to a lower level than in 1870, 
due to the implemented phosphorus purification at the wastewater treatment 
plant. Most of the recovered phosphorus, however, ended up on the deposit and 
has therefore not been reused. Efficiency within agricultural production had a 
strong impact on both the flow of nitrogen and phosphorus, as did a 
distinctively higher input of chemical fertilizer within plant production. The 
influence of a greater or lesser amount of meat and other animal products in the 
diet is of particular interest. The largest flow in both systems is that of fodder to 
the process animal production. Hence, the consumption of meat has a strong 
impact on the total sum of all flows. Given the increased efficiency of input 
fodder and output animal product, a diet with approximately half the amount 
of meat and dairy products (in milk equivalents), as for instance the average diet 
in 1870, which was used for this calculation, would result in a reduced need for 
chemical fertilizer by 15% for nitrogen and 25% for phosphorus respectively. 
Output flows to the hydrosphere would in this scenario diminish by 20-24%xiv.  
 
A shift in fertilizer usage, given the scenar
c
th

ined by such a reus

human excreta and to sustain a secure and efficient supply of essential 
components for food production. 
 
The question of how valid the conclusions are, regarding the uncertainties in the 
empirical data remains. The sensitivity matrix has been calculated for nitrogen 
and phosphorus for system I and for phosphorus in system II. In system I, the 
parameters fodder (linked to variable A21, appendix A) and food (linked to 
variable A35, appendix A) are the two parameters with the greatest impact, and 

                                           
xiv The diet for 1870 includes obviously more changes than the reduced consumption of meat and 
dairy products. However, the area needed for fodder production is substantially larger than the 
remaining area in plant production. Thus, large changes in fruits and vegetables would, especially 
considering the high agricultural efficiency of the regional agriculture in the year 2000, only lead to 
marginal changes. 
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were thus chosen for uncertainty calculations. The results for selected variables 
are presented in appendix C.  
 
For system I, three cases were defined and uncertainties were calculated based on 

her the uncertainties of both cases. Despite a 
igher uncertainty in 1870 and 1900, the total development of most flows was 

 consumption and production. 

the uncertainty for the input data of food and fodder for 1870, 1900, 1950 and 
2000, as defined in appendix C. Case 1 and 2 calculated the uncertainty for the 
input of food and the input of fodder separately. The results show the influence 
of these uncertainties on other variables within the system. As could be expected, 
it shows a greater uncertainty in 1870 and 1900, compared with 1950 and 2000, 
except for those flows that were relatively small in the early period, as for 
instance chemical fertilizer. Case 3 calculated the uncertainty for a combination 
of cases 1 and 2, thus adding toget
h
only to some degree compromised. The largest uncertainty range was around 
±30% for the selected variables. For the output flow to the hydrosphere, the flow 
of neither nitrogen nor phosphorus changed notably in Case 3. The input of 
chemical fertilizer, which is an important variable to the system, was not 
influenced either in its development. The general conclusion of this sensitivity 
study is that there is a relatively high degree of certainty in our analysis of the 
historical development of food
 
For system II, uncertainty calculations for two cases were conducted, as described 
in the appendix. The variables sum of all reuse, losses to hydrosphere and sum 
of all losses were the variables that were chosen as examples, since they together 
indicate the sum of all output flows from the system. Case 1, which was 
formulated similarly as in system I, calculated the uncertainty for the input of 
prepared food for the selected variables. For this case, only the magnitude of the 
flows changed. The assessed range for the input data for secondary waste 
treatment and sludge handling was used for comparison of results for the same 
three variables in Case 2. The largest uncertainty range in the results was in the 
period 1970 to 2000, caused by the uncertainty in sludge handling. Despite large 
variations in the input data, the variable losses to the hydrosphere was not 
influenced to a high degree by these uncertainties. 
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CHAPTER 6 
 
 

FOOD AND SPACE  

A specific amount of space is needed in order to sustain an individual’s food 
consumption. Some important factors that determine the extent of this area are 
the quantity and composition of the diet as well as the preconditions and 
practices of the agricultural production. The historical comparison of the spatial 
imprint of human food consumption shows a distinct variation over time. One 
contributing factor is the increasing yield per hectare due to changing 
agricultural techniques and geographical circumstances. Furthermore, the area 
can be linked to the use of other resources such as water, energy and fertilizer 
and related environmental impacts such as pollution and land degradation. 
 
 

 Spatial imprint of food consumption and production 

In Paper V, the changing spatial imprint of an average inhabitant of the city of 
Linköping is studied and covers calculations for the years 1870, 1900, 1950 and 
2000. A changing human consumption (cf chapter 4) and advances in 
agricultural practices are the main contributors to these changes. This study 
reconstructed the agricultural area in the region that would be needed to 
produce an individual’s food consumption. 
 
The equations below describe the calculations of the spatial imprint (SI). SI (a) 
refers to the calculations for 1870, 1900, 1950 and 2000(a), and shows hence an 
exclusively regional production of all food. Calculations are based on the annual 
consumption per capita for the different foods (C), losses in household 
processing (H), industrial processing (P), and harvest spill (S) divided by the 
local yield (LY) factor.  
 
SI (b) refers to the calculation of 2000(b). This scenario includes the imported 
proportion of all foods, based on the proportion of local production (L) and 
import (I) respectively. All imported foods are assumed to be produced with a 
global yield (GY), which is obtained from Wackernagel et al (spreadsheet). 
 

SI (a) = (C1870 + H1870 + P1870 + S1870) / LY1870             

SI (b) = L x ((C2000 + H2000 + P2000 + S2000)  / LY2000) + I x (C2000 / GY2000) 
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The amount of space needed to nual food consumption of an 
verage inhabitant of Linköping decreased significantly from the year 1870 to 
e year 2000 (figure 6.1). A regional production of all food products would 

require on average about on year 2000(a) compared to 
1870, despite a larger amount of consumed meat in the year 2000. 

000(b). The black line indicates the mean 
alue. The range is based on uncertainties derived from individual consumption, waste losses 

calculations for 2000(b) lead to a distinctively larger 
atial imprint. The proportion of animal products in the diet has a particularly 

nimal 
roducts demand most of the area for food production, with on average 80 to 

85% of the total spatial imprint. 

 sustain the an
a
th

e quarter of the area in the 

 

Figure 6.1 
Minimum and maximum area needed to sustain an individual’s annual consumption based 
on an exclusive regional production; 1870, 1900, 1950, 2000(a) and on a ‘‘global production’’ 
that includes the share of the imported foods for 2
v
in household and industry, agriculture, animal feed and agricultural yield. 
 
 
Including imported foods, and assuming a production of these imported foods 
on a global scale, using the global footprint according to Wackernagel et al 
(2002; spreadsheet) the 
sp
strong impact on the spatial imprint. Looking in particular at the increase from 
2000(a) to 2000(b), i.e. the increased area needed when a certain amount of food 
is imported and hence produced on a global yield, animal products account for 
the majority of this escalation (figure 6.2). However, also historically, a
p
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Figure 6.2 
Share of vegetable and animal products to the total spatial imprint based on the average value. 
 
 

 area needed to 
stain the total food consumption increased over this period, with a peak in 

If these results are put into the context of the growing city and an increasing 
number of urban inhabitants, that need to be fed by their hinterland, the 
number of hectares needed to produce this supply changes considerably as 
shown in figure 6.3. For the city of Linköping, the increase in inhabitants in the 
inner city from 7 300 in the year 1870 to 94 000 in the year 2000, is shown 
learly in the total spatial imprint of the city (figure 6.3). Thec

su
1950. Including the global area for the production of imported foods, the area 
in 2000(b) is about six times as large as in 1870. In comparison, the actual area 
of agricultural land in the county of Östergötland was close to 260 000 hectares 
in 2000 (arable land including pasture), with a total number of inhabitants of 
411 000, and thus, the available agricultural land was about 0.6 hectares per 
capita (SCB and SJV 2003). In Sweden as a whole, the amount of arable land 
decreased from 3.4 million hectares in the late nineteenth century (Morell 2001) 
to 2.7 million hectares in 2000 (SCB and SJV 2003). 
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Figure 6.3 
Spatial imprint of the city of Linköping, representing the average share of vegetable and 
animal products (based on the average value). 

uch smaller spatial imprint 
er capita if the food is produced within the region. This is in spite of the 
crease in consumption of more area (and resource) intensive foods. However, 

given the global production area of im orted foods in 2000, the probable per 
capita spatial imprint of an average consumer in Linköping is about twice as 
large as it would be with a regional food production. Considering the increase in 
population, the spatial imprint has increased manifold during the 130 years of 

 
 
Figure 6.3 also shows the vast influence of animal products. For the city of 
Linköping 90% of the total spatial imprint in 2000(b) is caused by animal 
products, while with a regional production of all foods, this proportion would 
diminish to 82%. However, the results in figure 6.2 and 6.3 clearly show that 
changes in the consumption of animal products would have the greatest effect 
for the reduction of the total spatial imprint of human food consumption, both 
for the average individual consumer as well as for the sum of all inhabitants of 
Linköping. 
 
 

 Discussion 

In general this study of the spatial imprint showed that the increased efficiency 
n food production presents the possibility of a mi

p
in

p
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this study, as shown in figure 6.3. The great potential of a more or less 
vegetarian diet to reduce the environmental imprint can be exemplified by a 
simple calculation. Given the assumption that no meat or fish is consumed, and 
is instead replaced by equal proportions of vegetable and dairy products (see 
appendix D), a simple approximation indicates that the spatial imprint per 
capita of an average individual food consumption could be reduced by about 
50%. Similarly, if the average inhabitant of Linköping would have changed their 
diet in 2000 to that of 1870 (which means about half the meat and dairy 
consumption), an approximately 30% smaller area would be neededxv. Hence, a 
shift towards a diet with less animal products would result in a smaller spatial 
imprint. 
 
The specific influence of the agricultural development can be exemplified in the 
following approximation. If the diet of 1950 would be produced under the 
agricultural conditions of the year 2000, the spatial imprint per capita would be 
60% smaller if production was regional, but less than 20% smaller if production 
includes the global production area of imported foodsxvi. The strong effect of 
more regional production of food s is revealed in this hypothetical 

r the average consumer (figure 6.2) as 
ell as the entire city of Linköping (figure 6.3). This type of scenario would, of 

 product
nal producscenario. As is shown above, a regio tion of all food products (2000(a)) 

would demand considerably less area than for a food production that is global 
or all imported foods (2000(b)), both fof

w
course, imply an endeavor on the part of the county of Östergötland to be self-
sufficient, which would oppose the current ongoing decrease of arable land used 
for agriculture since the early 20th century. The spatial imprint thus shows the 
potential in regional development, and promotes further discussion. 
 
 

                                           
xv For the calculations, the average footprint with the conditions of 2000(a) was calculated according to 
the diet of 1870. The spatial imprint of this calculation was 34% smaller than the result of 2000(a). 
Including the global production of imported foods, the diet of 1870 would, given the conditions of 
2000(b) lead to a 26% reduction. The influence of meat and dairy consumption on this imprint was 
one of the most significant contributors, but obviously other factors contributed to the outcome of 
this scenario. 
xvi Compared to the spatial imprint of 1950. 
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CHAPTER 7 
 
 

FOOD AND RESOURCES - GENERAL CONCLUSION 

This thesis showed that the historical changes in human food consumption most 
certainly have a marked impact on the environment. How this impact is 
expressed differs depending on the substance, material, or resource that is 
studied, and results may vary depending on the definition of system border and 
specific research question. This study chose two methods and three different 
resources to answer the main question of what historical changes could be 
etected in the environmental imprint of human food consumption from the 

 imprint of 
000, and regional production would have an even more important effect.  

The analysis of the flow of nutrients for the system of food consumption and 
production gave a similar result. Per capita, the emissions into the environment 
decreased for both nitrogen and phosphorus. Nitrogen leakage from plant 
production to the hydrosphere decreased by about 60% from 1870 to 2000, 
while the amount of nitrogen from sewerage to the aquatic recipient increased 
more than fivefold over the same period of time. For phosphorus, emissions 
into the environment increased towards the 1950s, but dropped thereafter up to 
the year 2000 to a level that was lower than at the beginning of the study in 
1870. However, the output flow to the waste deposit increased from zero in 1870 

reased from zero to nearly 52 ton and the input of phosphorus in 

d
year 1870 to the year 2000.  
 
The general results of this study lead to the following conclusions; Comparing 
the year 1870 to the year 2000, the diet of an average inhabitant of the city of 
Linköping demands less area today. If all food were produced regionally, a 
significantly smaller spatial imprint would be necessary, than in the case of a 
diet that contained large amounts of imported foods. The choice of food, in 
respect to animal or vegetable compounds, has a significant impact on the size 
of the spatial imprint. Furthermore, urbanization has led to an increasing 
distance between consumer and production area. The global production of food 
contributed with about 60% of the spatial imprint for the year 2000(b). Of 
particular interest is the effect of population increase in the city during this 
period. The total spatial imprint of food consumption of the inhabitants of 
Linköping in 1870 is merely one quarter to one fifth of the spatial
2
 

to over half a kilo per capita per year in 2000, and for nitrogen from zero to 1.7 
kg over the same period. Similarly, the input of phosphorus in chemical 
fertilizer increased from zero to 2 kg per capita in 2000, and nitrogen in 
chemical fertilizer from zero to 15 kg per capita in the year 2000. Including the 
population increase for this period, the output of phosphorus to the waste 
deposit inc
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chemical fertilizer similarly from on per year. The approximate 
umbers for the total flow of nitrogen to the waste deposit was an increase of 
early 160 ton per year and over 1 400 ton of nitrogen in chemical fertilizer for 

Link fect 
on the nitrogen and phosphorus cycle considering the population increase than 

nt regions, before passing consumption and finally 
nding up in local Swedish watersheds and modern sewers, and contribute 

 zero to 188 t
n
n

öping. Correspondingly, the diminished reuse ratio has an even larger ef

for the average consumer. Even if the flow of nutrients from agriculture is 
significantly larger than the output from the wastewater treatment plant, when 
considering the big picture of for instance an entire river basin (Karlsson 1989), 
a fairly large proportion of up to 27% of the phosphorus and up to 35% of the 
nitrogen (cf chapter 5) needed in chemical fertilizer could be replaced by reuse 
of human excreta. The flows of nitrogen and phosphorus show moreover a 
geographical dimension - in the shape of food and chemical fertilizer they are 
often transported from dista
e
correspondingly to nutrient mining and leakage in production areas in other 
countries and on other continents. 
 
What significance has the increase in consumption of meat and other animal 
products, for the environmental imprint of human food consumption? The 
results of the spatial imprint study (Paper V) indicated that a diet with less meat 
and dairy products (such as the diet of 1870) demands about 30% less area, given 
the same conditions. Also, the amount of phosphorus in chemical fertilizer 
needed for food production would be reduced by 25%, and for nitrogen in 
chemical fertilizer by 15%. Moreover, distinctively less emissions into the 
hydrosphere can be expected. These results are confirmed by several other studies 
(e.g. Piementel and Houser 1997; Sustainable Sonoma County with Redefining 
Progress 2002; Pfister 2003). 
 
Once more it has to be pointed out that the main reason for the diminished 
need, per capita, of space and emissions to the environment is the increase in 
agricultural productivity, which is facilitated by advances in agricultural practice 
and technique, animal breeding and crop improvement; and which is most 
important for this discussion, though, by the increased input of chemical 
fertilizer and fossil energy. The two latter resources represent the decreased 
sustainability of food production and should be considered most significant in 
this context. 
 
What conclusions can be made concerning the environmental imprint of human 
food consumption, comparing two different methods of analysis which reflect 
the changes in space and the flow of nutrients? An unambiguous and legible 
result is the development of the spatial imprint (Paper V). It showed clearly, how 
the composition of human consumption and the development in agricultural 
technique and practices changed the total amount of space that is needed to 
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sustain an average consumption. Thus, it reflects for instance the proportion of 
animal and vegetable products to this area. Compared to material flow analysis, 
assumptions and the influence of single processes to the total sum are not 
transparent in the final result. Material flow analysis on the other hand, is a 
method that provides more detailed results, and thus could be a basis for 
detailed policy discussions. The three material flow systems that are provided in 
this study (Paper II, III and IV) are rather complex. Nevertheless, for the purpose 
of answering the main questions that were posed, some results can be singled 
out, explicitly some specific flows and the reuse ratio for all substance reuse in 
each system. The material flow analysis studies in Paper II, III and IV, show only 
single flows and their order of magnitude for the total emissions. They do 
however indicate the distinct impact of changed conditions on single flows, such 
as emissions into the hydrosphere or the input of fertilizer, as well as the reuse 
ratio (for processing, consumption and waste handling) for each nutrient.  
 
All of these studies (Paper II to V) show, that the food consumption of an 
verage inhabitant of Linköping would be possible to sustain with a smaller 

ping and its increasing population.  

rnative energy sources etc), although industrialized countries have 
ostly chosen a path of technical end-of-pipe solutions. However, expanding 

a
environmental imprint than in 2000. The use of area for the production of food, 
which in its turn influences the flow of nutrients, could diminish significantly. 
Subsequently, the emission of nutrients into the environment as well as the 
input of nutrients from outside the system (i.e. chemical fertilizer) and losses to 
waste deposits could be diminished. The high share of imported foods, that is 
consumed in the region, as well as decreasing reuse of nitrogen and phosphorus 
within the system of food production and consumption, result, however, in a 
less sustainable and more resource-demanding consumption today, than would 
be necessary. This is not only true for the individual average consumer, but most 
certainly for the city of Linkö
 
From a global perspective, urbanization plays an significant role, both a) 
considering its effect on a shifting lifestyle and shifting consumption – mainly 
in terms of distance between consumer and agriculture, but presumably even for 
the proportion of animal products - and b) in respect to its effect on losses and 
reuse of nutrient resources by the development and future potential of the 
sanitation system. Urbanization possesses great potential for environmentally 
sustainable technical solutions (such as waste recycling, collection, energy saving 
measures, alte
m
cities on all continents, which have not yet chosen a similar path of linear 
nutrient flows have significantly greater potential for adapting to ecological 
sanitation arrangements with relatively simple technical solutions. A closer 
(production-consumption-waste reuse) cycle between the city and its hinterland 
would not only lead to resource conservation but would also most certainly 
increase the environmental consciousness of consumers. Subsequently, it could 
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lead to consumption choices that are, according to the conclusions of this study, 
necessary for the future sustainability of food consumption and production. 
One such example could be a regional self-supply of food, and consequent 
potential for regional development that could be the result of a diet without 
imported foods. This would also imply a regional nutrient conservation. 
 
To conclude, it can be stated that the system of food consumption and 
production has changed considerably during the 130 years of this study. Many 
different factors have influenced this system. The average human consumption, 
which drives this system, has shifted its composition towards more meat and 
other animal products. Furthermore an increasing proportion of consumed food 
is produced further and further away from the consumer. Agricultural practices 
have been intensified through technical advances such as crop improvement, 
chemical fertilizer, and the use of fossil fuels, which all resulted in a rising yield 

er hectare. The waste handling system has changed during this period from a 

, as is claimed 
y this thesis and other studies with comparable results. Consequently, both a 

p
system of reuse of most of the human excreta and organic residues towards a 
predominantly linear flow of substances out of the system, aiming for 
hydrosphere or waste deposit. 
 
The predictions for the system of one average consumer will be even more 
accentuated by the predicted increase in – particularly urban – population. The 
urban lifestyle in particular has, during recent decades, led the food production 
area further away from the consumer. Both this and the global development 
that, to some degree suggests a parallel increase of the consumption of meat and 
other animal products, need to be further investigated. Such a scenario enforces 
the sustainability of global food consumption as a critical issue, since the 
production of animal products demands more area and resources
b
decrease in meat consumption, and other animal products, as well as a 
development towards local production of food is essential for sustainable human 
food consumption. What remains to be done is the further development of 
scenarios, particularly concerning the potential of food consumption and 
choices consumers are able to make, and their impact on environmental 
sustainability. In the end, it will probably take a new generation of consumers to 
change the general perception that food and most other resources can be taken 
for granted. 
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APPENDICES 

 
 Appendix A: System I 
 
1. System variables 

The following variables describe the system shown in figure 5.1 completely: 

Stocks: 
)1(M  : Stock in animal production 
)2(M  : Stock in vegetable production 
)3(M  : Stock in household 
)4(M  : Stock in food processing 
)5(M  : Consumer stock 
)6(M  : Stock in waste processing 

 
Flows: 

The flows are listed according to the process they belong to, starting from waste processing. 

Waste processing: 

 : Excreta 

 : Emission of waste to hydrosphere 

: Emission of waste to atmosphere 

 : Waste deposit 

 : Human fertilizer (Night soil) 

 : Latrines 

 

Consumer: 

 : Beef consumption 

 : Pork consumption 

 : Poultry consumption 

 : Fish consumption 

 : Milk and dairy consumption 

 : Egg consumption 

 : Potato consumption 

 : Cereal consumption 

 : Vegetable consumption 

 : Fruit consumption 

 : Sugar consumption 

 

56A

1O

2O  

3O

62A

61A

)1(
35A

)2(
35A

)3(
35A

)4(
35A

)5(
35A

)6(
35A

)7(
35A

)8(
35A

)9(
35A

)10(
35A

)11(
35A
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Household processing: 

 : Organic w

 : Organic waste as fodder from household 

rganic waste as fertilizer from household 

 : Beef to household 

Pork to household 

: Fish to household 

 : 

 : 

 : 

 : Sugar to household 

der from processing 

A

rocessing 

A Egg to processing 

 
Vege

 : 

 

 : 

 

 : Leakage from agriculture 

4O aste from household 

31A

32A  : O
)1(

43A
)2(

43A  : 
)3(

43A  : Poultry to household 
)4(

43A  
)5(

43A  : Milk and dairy to household 
)6(

43A Egg to household 
)7(

43A Potato to household 
)8(

43A  : Cereal to household 
)9(

43A Vegetable to household 
)10(

43A  : Fruit to household 
)11(

43A
 
Industrial processing: 

O Organic waste from processing 5  : 

41A  : Organic waste as fod

42  : Organic waste as fertilizer from processing 
)1(

14A  : Beef to processing 
)2(

14A  : Pork to processing 
)3(

14A  : Poultry to processing 
)4(

14A  : Fish to processing 
) : Milk and dairy to p5(

14A  
)6(

14  : 
)1(

24A  : Potato to processing 
)2(

24A  : Cereal to processing 
)3(

24A  : Vegetable to processing 
)4(

24A  : Fruit to processing 
)5(

24A  : Sugar to processing 

table production: 

12A Manure 

21A  : Fodder 

1I : Fixation and deposition 

2I Chemical fertilizer 

6O : Emission from agriculture 

7O
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An

 

Auxi

 n 

 

  

tion 

 

 : Sum of all losses  

Ratio of all reuse/all losses 

/waste losses 

/waste reuse 

 

Inclu ing also e stock chan  these are 81 time-dependent variables in total. 

 

2. M

 
The ntif on, described in chapter 5, allowed to gain 

insig v s a “consumer driven” approach where 

the i ut flow o the consum itted to historical data. All other flows are related to 

these “key-flow  as will be s y the relations represent the technical and natural 

onditions in function of time. 

i) i i

imal production: 

8O  : Surplus manure 

9O  : Emission from animal production 

liary variables: 

1H  : Area for animal production 

2H : Area for vegetable productio

3H  : Total area of food production

4H  : Sum of meat consumption 

5H : Sum of vegetable consumption

6H  : Sum of total consump

7H  : Sum of meat production 

8H  : Sum of vegetable production

9H  : Sum of all reuse flows 

H10

11H  : 

H12  : Ratio of all losses/all reuse 

13H  : Sum of reuse flows waste 

14H  : Sum of losses of waste 

15H  : Ratio of waste reuse

16H  : Ratio of waste losses

d  th ge rates )1( ...,, MM && )6(

odel equations 

extended study to qua y the regional food consumpti

ht into the system beha ior. This system knowledge suggest

np s t ption process are f

 s” hown below. Thereb

c

 

ntrinsic equat ons between )(iM  an )(iM& : d 

∫+=
t

iii dtMMt )()()( ')')0()( &  i=1,…,6 (3) tM (

 

 

0
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ii) Balance equations: 
6
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iii) Model app ch: 

In t same w as for the va ted according to the process they belong to, 

start  from w te processing

Not ld responding parameter functions. 

 

A. W
Excr su

 (4e) 

616256
)

321
6( OO −−−  (4f) 

roa

he ay riables, the equations are lis

ing as . 

e that the equations ho for both N and P, of course with cor

aste processing: 
eta related to food con mption 

∑−=
11

=

)()( ))(1()( jw AtPt  (5a) 

w : Retention in body 

43 ) 

where: 

 Transfercoefficient 

Transfercoefficient of waste to waste emissions into atmosphere 
w : Transfercoefficient of waste to waste deposition 

1
35156

j
A

)()(
1 tP

 

The superscript w indicates that the parameter function belongs to waste processing. 
Emissions to hydrosphere, atmosphere, and waste deposit: 

)()()( 56
)(

21 tAtPtO w=  (5b) 

)()()( 56
)(

32 tAtPtO w=  (5c) 

)()()( )( tAtPtO w=  (5d56

 

)()(
2 tP w : of waste to spill of excreta 

)()(
3 tP w : 

)()(
4 tP
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Use of excreta as fodder: 

))()()()()(()( 32156
)(

561 tOtOtOtAtPtA w −−−=  

where 

Transfercoefficient of waste to use of excreta as fodder 

 

No stock accumulation in waste processing: 

 (5f) 

 

The parameter functions ,…  are the cha  of the process waste handling, and 

represent the technical progress and the socio-economic habit of excreta usage and losses in function 

of time. 

 

B. Consumer process: 

Consumption of the various food: 

c : Sugar consumption 

meter functions ,…  represent the consumption 

habits for the different food in

 

C. Proce

 (7a) 

th : Ratio of processed meat to consumed meat 

 (7e) 

Ratio of airy to consumed milk/dairy 

Ratio of le to consumed vegetable 

… 

aste from household 

−+=
11
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5 tP w racteristics

 

)()(
1

)1(
35 tPA c=  (6a) 

)()(
1 tP c : Beef consumption 

… 

)()(
11

)11(
35 tPA c=  (6k) 

)()(
11 tP

 

)()(
1 tP c , )()(

11 tP cSimilar to waste processing, the para

 function of time. 
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where 

)()(
4 tP h : Transfercoefficient to organic wast ehold 

Transfercoefficient to organic waste from milk/dairy waste in household 

e in household 
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Transfercoefficient to fodder from meat waste in household 
h : Transfercoefficient to fodder from milk/dairy waste in household 

coefficient to fodder from vegetable waste in household 

o stock accumulation in household: 

 (7o) 

 

ood processing: 

Produced food 
)1( tA

)()(
1 tp : Ratio of produced meat to processed meat 

p : Ratio of produced milk/dairy to processed milk/dairy 

 (8f) 
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Organic waste as fodder from processing: 
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Chemical fertilizer: (similar to fixation) 

 (9d) 

where  

 Specific chemical fertilizer for fodder for beef production 

… 

 

Emission fro lture: 
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 Specific emission from fodder for beef production 
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 Specific emission from fodder for egg production 
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… 

 
Leakage

 (9f) 

where: 

 Specific leakag  fodder for beef production 

… 

 Specific leakage from fodder for egg production 

tv : Specific leakage from vegetable production 

 

F. Animal production: 
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The model approach consists of the 53 equations (5)-(10), containing the 76 parameter functions 

s (w), (c), (h), (p), (v), and (a) refer to the 6 processes: waste 

processing, consumer, household, processing of food, pla mal production. 

The model approach was designed for nitrogen as well as for phosphorus. For phosphorus, in contrast 

issions into the atmosphere are 0. Mathematically this means that the 

correspo ding 

 Emissions from waste into atmosphere: eq (5c) 

tP w  

: Em sions

=== tPt vv  

: Emissions from animal production into atmosphere: eq (10b) 

 

iv) Equations for the auxiliary variables: 

Area used for animal production: 

 (11a) 

Fodd

a used for vegetable production: 

1
2472 )

j
 (11b) 

 Vegetable production area 

Total area used for food production: 

ttH
 of meat consumption: 

)(
1

)(
1 ,..., aw PP . Note that the superscript

nt and ani

to nitrogen, the 3 em

n parameter functions have to be 0, namely: 

2O :

0)()(
3 =

6O is  from agriculture into atmosphere: eq (9e) 

0)(...)( )(
34

)(
2P 8

9O
0)()(

1 =tP a  

 

∑
=

⋅=
6

1

)(
14

)(
1 )()()(

j

jhi
j tAtPtH

()( tP hi
j ) : er area for beef-, …, egg-production 

Are

∑=
5

)()( ()()( jhi tAtPtH
=

)()(
6 tP hi :

)() tHH +=  (11c) ()( 213
Sum

∑
=

4 )(tH

 of vegetable consumption: 

=
6

1
35 )(

j
tA  (11d) )( j

Sum

∑= )(
355 )()( j tAtH  

=

(11e) 

Sum of total ion: 

Sum of meat production: 

1
147 )(

j
tH

11

7j

 consumpt

)()()( 546 tHtHtH +=  (11f) 

∑
6

)( )(j tA  (11g) 
=

=
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Sum of vegetable production: 

∑=
5

=

)(tH
1

)(
248 )(

j

j tA  (11h) 

Sum of all reuse flows: 

)()()()()()()( 4142323161629 tAtAtAtAtAtAtH +++++=  (11i) 

Sum of all losses: 

(1 )()()()())( 543210 tOtOtOtOtOtH ++++=  (11j) 

Ratio of all reuse/all losses and all losses/all reuse: 

)(10
11 tH

 (11k) 
)()( 9 tHtH =

)(
)()(

9

10
12 tH

tHtH =  (11l) 

) 

Sum of losses of waste: 

Sum of reuse flows waste: 

)()()( 616213 tAtAtH +=  (11m

)()()()( 32114 tOtOtOtH ++=  (11n) 

Ratio of aste reuse:  waste reuse/waste losses and waste losses/w

)(
)()( 13

15
tHtH =  (11o) 

14 tH

)(
)()(

13

14
16 tH

tHtH =  (11p) 
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Calibration 

 

 

 

Figure A1: Examples of parameter functions for linear, spline and cubic interpolation for nitrogen. 
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Figure A2: Examples of parameter functions for linear, spline and cubic interpolation for phosphorus. 
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The smoothing procedure is Gauss’ian: 
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: Variable  at time
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)( n
s
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 is shown in Figure A3. 

 

Figure A3: Example for the smoothing function; spline. 
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Appendix B: System II 

. System variables 

The following variables describe the system shown in figure 5.6 completely: 

Stocks: 

 
1

)1(M : Human consumption 

… (13) 
)10(M : Energy system/Energy forest 

Flows: 

Human consumption: 

 

 

Faece

 Faeces loss 

: Urine to waste 

: Urine to soil 

: Urine loss 

Waste handling: 

 Nutrient loss from waste 

: Waste to sludge faeces 

 Waste to sludge urine 

 Feed faeces 

: Feed urine 

: Faeces fertilizer from waste 

 Urine fertilizer from waste 

Sludge handling: 

 Nutrient loss from sludge 

 Sludge to landfill 

: Fertilizer from sludge 

: Sludge to energy system/energy forest 

uxiliary variables: 

: Total waste to sludge 

: Total feed 

 

1I : Vegetable food consumption 

I 2 : Animal food consumption 

12 : Faeces A

13 Urine A :

s collection 

: Faeces to waste 24A

26

Urine collection: 

A :

34A

39A

36A

46A :
)1(

45A
)2(

45A :
)1(

48A :
)2(

48A
)1(

49A
)2(

49A :

56A :

57A :

59A

105A
A

1H : Total food consumption 

2H

3H
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4H : Total fertilizer from waste 

: Reuse to plants, soil 

e to livestock, plants, soil 

Losses to hydrosphere 

 

ivestock/plant/soil to total losses 

ock/plant/soil 

: Ratio of total reuse to total losses 

Ratio of total losses to total reuse 

use to livestock to reuse to plant/soil 

 

In  in total. 

 

2. M

e system knowledge was gained during the study to quantify the system of waste 

han output approach should adequately describe the system in a 

first transfercoefficients represent again the technical and natural 

system. For simplicity, the intrinsic and balance equations have been omitted. 

 

Mo

A. H

vegetable and animal food: 

tI
(tI

(Pw  

Pw al food 

Faece

A
( tPw : food to faeces 

nsfercoefficient of anim. food to faeces 

Uri

A (15d) 

to urine 

Pw
 

No

H5

6H : Reus

7H : Total reuse 

8H : 

9H : Losses total 

10H : Ratio of reuse to l

11H : Ratio of total losses to reuse to livest

H12

13H : 

14H : Ratio of re

cluding the stock change rates, these are 54 variables

odel equations 

As in system I th

dling. This suggested that an input-

 approximation. Hereby the 

conditions of the 

del approach 

uman consumption: 

Consumption of 

)() )(
1 tPw c=  (15a) (1

)() )(
2 tPw c=  (15b) 2

)() tc : Consumption of vegetable food1

)()(
2 tc : Consumption of anim

s: 

)()()()()( 2
)(

41
)(

3 tItPwtItPwt cc +=  (15c) 12

)()c Transfercoefficients of veg. 3

)()(
4 tPw c : Tra

ne: 

)()()()()( 2
)(

61
)(

5 tItPwtItPwt cc +=  13

)()(
5 tc : Transfercoefficients of veg. food Pw

)() tc : Transfercoefficient of anim. food to urine (
6

B. Faeces collection:

 stock accumulation 

M& 0)()2( =t  (16a) 
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Fae

A
ondary treatment 

C. U

No

Urin to secon

PwA u=
: Tra  secondary treatment 

Urin to plant

PwA u=
u : Transfercoefficient of urine collection to plants and soil 

o stock accumulation 

w : Transfercoefficient of urine to sludge handling 

 

 (18d) 

 Trans k 

 Transf ck 

Waste to 
()1( wtA =

)()( 34
)(

6 tAtPw w ⋅=  (18g) 

 Transfercoefficient of faeces t

a

E. Sludge and

k accumulation 

 (19a) 

Sludge as
(
1wtA s=

efficient of sludge to plants/soil 

energy forest 

)( )2(
45

)1(
45105 tAtPtA +=  (19c) 

ces to secondary treatment 

)()()( 12
)(

1 tAtPwt f ⋅=  (16b) 24

)()(
1 tf : Transfercoefficient of faeces collection to secPw
rine collection: 

 stock accumulation 

M& 0)()3( =t  (17a) 

e dary treatment 

)()()( 13
) tAtt ⋅  (17b) (

134

)()(
1 tPw u nsfercoefficient of urine collection to

e s and soil 

)()()( 13
) tAtt ⋅  (17c) (

239

)()(
2 tPw

D. Secondary treatment 

N

0)()4( =tM&  (18a) 

Waste to sludge 

)()()( 24
)(

1
)1(

45 tAtPwtA w ⋅=  (18b) 

)()()( 34
)(

2
)2(

45 tAtPwtA w ⋅=  (18c) 

)()(
1 tPw w : Transfercoefficient of faeces to sludge handling 

)()(
2 tPw

Waste to livestock

()()( 24
)(

3
)1(

48 tAtPwtA w ⋅= )
)()()( 34

)(
4

)2(
48 tAtPwtA w ⋅=  (18e) 

)()(
3 tPw w : fercoefficient of faeces to livestoc

)()(
4 tPw w : ercoefficient of urine to livesto

plants/soil 

)()( 24
) tAtP w ⋅  (18f) )( 549

)()2(
49 tA

)()(
5 tPw w : o plants/soil 

)()(
6 tPw w : Tr nsfercoefficient of urine to plants/soil 

 h ling 

No stoc

0)()5( =tM&

 fertilizer 

))()(()( )2(
45

)1(
45

) tAtAtP +⋅  (19b) )(59

)()(
1 tPw s : Transferco

Sludge to energy system/

()()(
2 Atw s ⋅ ))()(
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)()(
2 tPw s : Transfercoefficient of sludge to energy system/energy forest 

Deposition of sludge 

tA =
efficient of sludge to landfill 

Equations fo liary variables: 

 (20a) 

Total wast

 (20b) 

Total food: 

3 tH =
e: 

 (20d) 

Reuse to plan

59
)2(

49
)1(

49 tAtAtA ++  (20e) 

Reuse to livestock, plant/so
(
48

)1(
4856 AtAHtH ++= (20f) 

Reuse tota

7 tH =
ere: 

)()()( 5636268 ttAtAtH

))()(()( )2(
45

)1(
45

)(
3 tAtAtPw s +⋅  (19d) )(57

)()(
3 tPw s : Transferco

 

r the auxi

Total food consumption: 

)()()( 211 tItItH +=
e to sludge: 

()()( )2(
45

)1(
452 tAtAtH += )

)()( )2(
48

)1(
48 tAtA +  (20c) )(

Total fertilizer from wast

()()( )2(
49

)1(
494 tAtAtH += )

t/soil 

)()( 395 tAtH += )()()(
il: 

)()2 t  )()(
l: 

)()( 1056 tAtH +  (20g) )(
Losses to hydrosph

)(46 AtA + )(++=  (20h) 

Losses total: 

9 tH =
Ratio of r

)()( 578 tAtH +  (20i) )(
euse to livestock/plant/soil to total losses 

)(
)()( 6 tHtH =  

9
10 tH

(20j) 

)(6 tH
 (20k) 

)()( 9
11

tHtH =

Ratio of total reuse to total losses: 

)(
)( 7

12 tH
tH =  

)(tH
(20l) 

9

)(
)()( 9

13
tHtH =  

7 tH
(20m) 

Ratio of reuse for livestock to reuse to plant/soil: 

)(
)()( 3 tHtH =  (20n) 

5
14 tH
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The procedure is similar as for System

 

ainty analysis 
 

For system I, three cases ar  the calculations of nitrogen and phosphorus each. 

ertainty of 20% (Level 2) in all food consumption for 1870 and 1900 and an uncertainty 

of 10% (Level 1) in all foo on for 1950 and 2000 

 (Level 3) in all fodder input for 1870 and 1900, and an uncertainty of 

20% (Level 2) for 1950, an  1) in all fodder input for 2000 

y of 20% for all food consumption for 1870 and 1900, and 10% for all food 

consumption and fodder input for 1950 an ; and an uncertainty of 30% (Level 3) in all fodder 

(Level 2) for 1950, and 10% (Level 1) in all fodder input for 2000. 

 

 were selected. They were calculated with a quadratic spline function, and smoothed in 

order to avoid roughness ic presentation of results. The black lines indicate the average 

dicate the uncertainty margin. X refers to the number of the variable in the 

system. 

Calibration 

 I in appendix A. 

 
 
Appendix C: Uncert

System I 

e presented, for

Case 1: Unc

d consumpti

Case 2: Uncertainty of 30%

d 10% (Level

Case 3: Uncertaint

d 2000

input for 1870 and 1900, 20% 

Some variables

 in the graph

value; the gray lines in
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Figure C1: Case I for the flow of nitrogen. All flows are in kg N/capita per year. 
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Figure C2: Case II for the flow of nitrogen. All flows are in kg N/capita per year. Note: X 14 (emissions from waste 
to hydrosphere) is not effected in this case. 
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Figure C3: Case III for the flow of nitrogen. All flows are in kg N/capita per year. 
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Figure C4: Case I for the flow of phosphorus. All flows are in kg P/capita per year. 
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igure C5: Case II for the flow of phosphorus. All flows are in kg P/capita per year. Note: X 14 (emissions from 
 
F
waste to hydrosphere) is not affected in this case. 
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Figure C6: Case III for the flow of phosphorus. All flows are in kg P/capi
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System II 

 

For system II, two cases of uncertainty calculations are presented 

Case I: Uncertainty of 20% (Level 2) in all food consumption for 1870, 1885, 1900, 1920, 1940, 

uncertainty of 10% (Level 1) for 1950, 1975, 1990 and 2000. 

Case II: Direct comparison of the range given in the input data (see Appendix D) for the processes of 

secondary waste treatment and sludge handling. 

 

Three variables were chosen as examples, based on their relevance for the analysis. The black lines 

indicate the average value; the gray lines indicate the uncertainty margin. X refers to the number of the 

variable in the system. 
 
Case I: 
 

 
Figure C8: Case II for the flow of phosphorus. All flows are in kg P/capita per year. 
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Appendix D:  Data and Assumptions 

ncertainties/Ranges 

tions. 

 
U

If a specific range is given, the mean value is applied in the calcula
Uncertainties are in the following represented as ’level’ 1-5 (cf Hedbrant and Sörme 2000) 
Level 1 2 3 4 5 
Interval ±10% ±20% ±30% ±40% ±50% 

 
Table D1: The City and its Sanitary System 

Sources: (1) Hallström 2002; (2) Fröman 1912; (3) SKTF 1940 (4) SKTF 1952 (5) Tekniska Verken i Linköping 

991-2002; (6) SOS 1975 and 1990; (7) pers. comm. A Hansson, Tekniska Verken 2004-03-22 (8) pers. comm. B 

Strand, Tekniska Verken 2005-06-21; (9) Naturvårdsverket 2002 

The proportion of phosphorus in faeces and urine was obtained from Naturvårdsverket 1995.  

ar No of Primary waste Comments Secondary waste treatment Comments Ye inhabitants treatment/ toilet system or storage 

1870 7 300 
  0% WC 
10% water-tight buckets 
90% dug pit/outhouse 

Level 3 
 based on (1)

70-90% to soil 
10-30% to animal fodder 

 

1

1885 10 700 

C 
  5% urine separation 
30% water-tight buckets 
63% dug pit or equiv. 

Level 3 
based on (1) 

80-100% to soil 
0-20% to animal fodder 

   2% W

1900 14 500 

  8% WC 
16% urine separation 
76% water-tight buckets 
0% pit latrine or equiv. 

Level 3 
based on (1) 

80-100% to soil 
0-20% to animal fodder 

 

1920 26 900 
20% WC 
10% urine separation 
70% water-tight buckets 

Level 3 
based on (2) 

95-100% to soil 
0-5% to animal fodder 

 

1940 38 650 
50% WC 
  0% urine separation 
50% water-tight buckets 

Level 2 
(3) 

40-60% to soil 
40-60 % to landfill 

 

1950 54 500 90% WC Level 2 
(4) 

en
(WWTP), mechan

10% water-tight buckets  

wastewater treatm t plant 
ical 

treatment . 60% of WC 
connected to WWTP 

For latrines, different 
assumptions were 
made cons reuse: 

system I: 1% reuse 
system II: 50% reuse 

1975 78 000 100% WC (6), (7) 
WWTP with 90% of P to 

sludge; 
0-20% to plant/soil 

All WC connected to 
WWTP 

1990 82 600 100% WC (5), (7), (9) 

WWTP with 95% of P to 
sludge;  

20-30 % reused 
(of which 2/3 to energy 

forest and 1/3 to farmers) 
70-80% to landfill   

same assumptions as 
for the year 2000 

(Level 2) 

94 000 100% WC (5), (8), (9) 

WWTP with 97% of P and 
58% of N to sludge. 21% 
reused (10-40%) (of which 
2/3 to energy forest and 

 

 

 

2000 
1/3 to farmers)
79% to landfill 
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Note: slight variations in the results for waste handling of system I and II occur due to a more explicit system 
efinition in system II, where faeces and urine are separately calculated and additional losses could be included.  d

 

 Table D2: Waste household processing (Transfer data) 
Food  Aim-process 1870 1900 1950 2000 Assumptions/Source 
Meat Total t Due to lack of data, all based on (1) inpu 1-1.4 1-1.4 1-1.4 1-1.4 

Meat Animal prod 0.8-1 0.8-1 0.2 0.1 Assumptions; based on (1), (2); 
(Level 2 for 1950, 2000) 

Meat Waste 
handling 0 0 0.8 0.9 Assumptions; (1); (Level 2 for 1950, 2000) 

Milk Total input 1-
1.04 1.04 1.0

1- 1-
4 l based1-

1.04 Due to lack of data, al  on (1) 

Milk Animal pro 0.8-1 0.1 Assump el 2 for 1950,2000) d 0.8-1 0.05 tions; (Lev

Milk Waste 
handling 9 Level 2) 0 0 0. 0.95 Assumptions; (

Veg Total inpu 1-1.4 Based on (1); assumption no industrial processing in 
/1900 t 1-1.6 1-1.6 1-1.4 1870

Veg Animal prod 0.6-1 0.6-1 0.1  for 1950, 2000) 0.05 Assumption; (Level 2

Veg Waste 
handling 0.8 0.85 Assumption; (Level 2 for 1950, 2000) 0 0 

Veg Plant pro 0.1 n; (Level 2) d 0.1 0.1 0.1 Assumptio

Sources: (1) Carlsso

 

 

 

 
Table D3: Waste industrial processing  (Transfer data)

 1950 2000 tions

n-Kanyama and Faist 2000; (2) Schüle 1989 

 

 AssumpFood Aim-
process 1870 1900 /Source 

Meat Total 
input 1 1 1.3 1.3 ish Assumption/Swed average (1); (Level 2) 

Meat Animal
prod 

 0 0.6-1 0.6-1 7
(2) 0 No processing in 18 0/1900; assumption 

based on 

Meat Waste 
handling 0 0 0-0.4 0-0. 7

 o4 No processing in 18
based

0/1900; assumption 
n (2) 

Milk Total 1.36(P) 1.49(P) 
1.23(N) 

1.79(P) 1.82(P) 
7(N

 prod fo n 
 (Level 3input 1.16(N) 1.38(N) 1.2 ) 1; 3);

Average for dairy r P a ed ond N (bas
) 

Milk Animal 
prod 1 1 0.6-1 0.6 70/1900; assumptions 

 on (2) -1 No processing in 18
sedba

Milk Waste 
handling 0 0 0-0.4 0-0 0/1900; ass mptions 

d on (2); (Level 1) .4 No processing in 187
1950 as 2000, base

u

Veg Total 1 1 1.3 1. 0/1900; based on (1); 
el 2) input 3 No processing in 187

(Lev

Veg  
prod 0 0 0.15 0.15 70/1900; assumptions 

0, based on (2); (Level 2) 
Animal No processing in 18

1950 as 200

Veg Waste 
handling 0 0 0.05 0.05  in 1870/1900; assumptions 

1950 as 2000, based on (2) (Rest); (Level 2). 
No processing

Veg Plant prod 0 0 0.6-1 0.6-1 No processing in 1870/1900; assumptions 
1950 as 2000, based on (2) 

Sources:  (1) Carlsson-Kanyama and Faist 2000; (2) Naturvårdsverket 1996 (3) SLV 1990.  
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Table D4: Animal production 

Product Year Kg fodder/kg Fodder Source product 
Beef 1870 26 (Level 3) 

 1900 22 (Level 3) 
52% pasture, 8% cereal, 40% coarse fodder; 

(Level 5) (1) 

 1950 10-16  pasture, 59% cer
rote (2) 28%

fodder/p
eal, 13% coarse 
er; (Level 3) in fodd

 2000 10-15 25% pasture, 28% 
2% prote

cereal, 45% coarse fodder, (3) in; (Level 1) 
Pork 9 (Level 3) 1870 

 1900 8 (Level 3)
20% cereal, 2% protein 

root crop 
fodder, 2% pasture, 

2% s, 74% org waste; (Level 5) (1) 

 1950 5  (Level 2) 38% cereal, 1% protein fodder, 9% root crops, 
52% org waste; (Level 3) (2) 

 2000 4.5 (Level cereal, 15% 1) 85% protein fodder; (Level 1) (3),(4) 
Poultr 00y 1870-19  n.a.   

 1950 3.5 (Level 2  cereal, 17% prote (2) ) 74% in fodder, 9% org 
waste; (Level 3) 

 2000 2.9 74% cer
waste

eal, 17% protein fodder, 9% org (4) ; (Level 1) 

Fish 1950 1 (Level 3) 0% cereal (
aquacu

 same 
00 

1 assumed low share of Assumed
lture); (Level 3) as 20

 2000 1 (Level 2) ; (assumed low
aquaculture); (

 Salmon and 
trout  20% cereal  share of 

Level 2) 
(5);

Milk 1870 2.7  (Level 2) Assumption 
based on (1) 

 1900 2.3 (Level 2) 

9% coarse fodder, 12% protein 
fodder, 12% pasture, 4% root crops; (Level 3) (1) 

53% cereal, 1

 1950 1.5 (Level 2) 
35% cereal, 15% coarse fodder, 5% protein 
fodder, 34% pasture, 11% root crops; (Level 

2) 
(1); (2) 

 2000 0.8 26% cereal, 47% coarse fodder, 11% protein 
fodder, 16% pasture; (Level 1) (3), (4) 

Egg 1870 n.a.   
 1900 6.6 (L  Assumed same as 1950; (  evel 3) Level 5) 

 950 4 (Level 2) cere  protein rich f
waste (2) 1 70% al, 25% odder, 5% org 

; (Level 2) 

 2000 2.4  cerea  pr
aste

70% l, 25% otein rich fodder, 5% org 
w ; (Level 1) (4) 

Sources: ( 869-1951; (2) Norin 1963; (3) SLU 1996; (4) Naturvå  

00

pt ounts  N and P  fodd re o d f  

1  Sin istorica ata was av ilable, me e wa  

might c  to the smaller average area for food produc l 

of s er carca s fodder s assum in an  production for bee rk with 5% and 

resp  in 1870 and 1900. e con tion mb , 

o i l propo on of th total con tion  

product fodder. Horse, reindeer and game were not in  

t share  these to t e total t cons ption (less eindeer 

nd fodder. Game was 

ot considered livestock. 

1) HÖ 1

0 

rdsverket 1997e; (5) Carlsson-Kanyama and

Faist 2

 

Assum ions: Am  of  in er we btaine rom SJV 2003b, pasture from Hoffman

999. ce no h

ontribute

l d a the sa averag s assumed to be valid for all years. This

n in system I. Furthermore, intertio na

f and poreuse laught ss a  wa ed imal

10% ectively Th sump  of la meat was added to the beef production

due t ts smal

ion and 

rti e meat sump  (around 1%) and a lack of data on

cluded into the calculations. Reason for

than 4% for horse and rhis was the low of h  mea um

meat in 1950 and less than 1% in 2000) and lack of information on production a

n
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Table D5: Nitrogen Data: Plant production 

 
nt N 
/ha 

ncertainty 
range omments Source Amou

in kg Year U C

Manure from 
grazing 0 1 (Level 1-3) 

n, the 
value f as assumed valid for the 9-1 870-2000 
Due to lack of historical informatio

or 2000 w
entire period. 

(2) 

13.7 186 (Level 3) nic nitrogen 5/75 Sum of ammonium and orga (1) 
14.15 1895 (Le rogen /1900 vel 3) Sum of ammonium and organic nit (1) 
15.8 1945 (Level 2) rganic nitrogen /1955 Sum of ammonium and o (1) 
21.1 (Lev trogen 1985 el 1) Sum of ammonium and organic ni (1) 

Manure 

 (Leve26 2000 l 1) Based on (2) (2) 
None  1870   
0.25 (Level 3) 3) ),(3) 1900 Based on ( (1
21 (Leve ) 1945/55 l 2)  (1

Chemical 

200 (Level 1) (2) 
fertilizer 

64 0 Average 1999/2001 
None 1   870-1900  

2 1950 (Leve As e amount as in 2000 ed on 
),(4) l 1) on pasture 

sumption of sam Bas
(2

Chemical 
fertilizer on 

pasture  200 (Level 1)  7.4 0 (4) 

Sources: (1) Hof 999; (2) S ) Jansson 

 
 unt N 

g/ha Year Uncertainty ts 

fman 1 OS 2003a; (3 1988; (4) SOS 2002 

Amo
in k

 Commenrange Source 

0.95 1870/1900 (Level 3) Based on calculations from 
source (1) 

2-2.5 1950 (1), (6) (Level 2)  Deposition 

10 9- 2000 (Level 1)  (2) 

Fixation 10-11 187 00 

Due to lack of historical 

r the 
entire period. 

0-20 (Level 1-3) information, the value for 2000 
was assumed valid fo (2) 

27 1870 (Leve (1l 3) Average value ) 
23 1900 (Level 3) Average value (1) 
23 1950 (Level 2)  value (1) Average

Lea e from 
arable land 

3 2

kag

2 000 (Level 1)  (2) 
Leakage from 1-11 1870-2000 (Level 2)  (1) pasture 

6.9 1870 (Level 3) of emissions from chem fert 
and manure as in 2000 

(1), (2), (3) 
Assumed was the same share 

7.1 1900 (Level 3) See above (1), (2), (3) 

Sum emissi

8.2 1950 (Level 2) See above (1), (2), (3) 

ons 
N20-N and 
ammonia-N 
from arable 

land 
16 2000 (Level 2) Calculations based on 

(2),(3),(4) (2), (3), (4) 

2.1 1870 (Level 3) 
Assumption same share of 

emission per manure/ chem 
fert as in 2000 

Based on (3), 
(4) 

2.1 1900 (Level 3) See above Based on (3), 
(4) 

2.15 1950 (Level 2) See above Based on (3), 
(4) 

Sum emissions 
N20-N and 
ammonia-N 
from pasture 

2.9 2000 (Level 2) Sum of all emissions  Based on (3), 
(4) 

Ammonia-N 
from manure  1870-2000 (Level 3) 20% of tot N in manure  Based on (3), 

(4), (5) 

Sources: (1) Hoffman 1999; (2) SOS 2003a; (3) SOS 2003b; (4) Nielsen et al 1992; (5) Naturvårdsverket 1997f;  
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Table D6: Pho ata t pro
t P 

/ha Year Unc  Source 

sphorus D
Amoun

 (Plan duction) 
ertaintyFertilizer in kg  range Comments 

Manure from 
grazing  1870- (L

A
e2 2000 evel 1-3) 

ssumption that 2000 data is valid for the 
ntire period, due to lack of more specific 

data 
(2) 

3.7 (Level A Based on 1870 3) ssumption that N/P share is equal at all 
times. (1) 

3.8  (Level A Based on 1900 3) ssumption tha s equal at all t N/P share i
time . s (1) 

4.3  (Level Assumption tha  equal at all Based on 1950 2) t N/P share is
time . s (1) 

Manure 

7 (Level 2000 1)  (2) 
None 1870    

1  (Level 
In 1
Sweden), 25% of t to be 
valid in Östergötland. 

1900 3) 
900 4 kg/ha acc to (4) (mostly south of 

his was assumed 
Based on 

(4) Chemical 
fertilize

2.25 1950 (Level 3) (5): 9 kg/ha (25%, see above) (4) 

r 

7 2000 (Level 1) Based on (2) (2) 

None 1870-
1900    

0.39 (Leve nly on ption, Based on 
), (6) 1950 l 3) O some share of pasture, assum

equal share as 2000 (5

Chemical 
fertilizer on 

2 (Leve d on 
 (6) 

pasture 
0.6 000 l 1)  Base

),(5

Deposition 0.3 1870- (Level 3) 
lue for 2  for the 

entire ise (2) 2000 

Va 000 is assumed to be valid
 period, due to lack of more prec

historical data 

0-0.3 1870-
1  Assumed Based on 

), (3) 900 value (2

0.3 1 (Leve sumed to be  lack of more sed on 
), (3) 950 l 2) As equal to 2000 –

precise data 
Ba
(2

Leakage from 

 2 (Leve ), (3) 

arable land 

0.3 000 l 1)  (2
Leakage from 

pasture 0-0.2 1  Assumption – no data available  870-
2000 

Sources: (1) Hoffman 1999; (2) SOS 2003a; (3) Naturvårdsverket 1 S 2002 (6) SCB 

a

 

997d; (4) Jansson 1988; (5) SO

nd SJV 2003 
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Food production in system I: 

al products, i.e. meat, fish, egg and dairy products. 
The f pl tio lu able products, i. tatoes, vegetable , 
sugar. Dairy produ l calculated in ge m  and factor 
1 . Amou s of N P du  SJV b 
and assumed to be valid for the entire period. 
 
 
Yield per hectare: 

For 1870 and 1900 d for ve les lack of more prec a, calculated on an a ge 
of legumes, peas and t crop  fo ata was calculated on  average for apples, pea d 
plums obtained fro  186 1 and SOS 1959, in rel ion 
to t e consum tion ba n SJ a; S su
suga e modern rocess atio (Ca ssumed be 
valid for the entire d. Se e a process of nt 
production. Harvest l es are ded alculation of the int, by assumed 1 % 
for 1870 and 1900 a  for 1950 and 20 in system I, harvest losse ere assumed to be left o the 
fiel e not added to t arvest. Range of te
Fo t (all y , pot (19 nd cereals, s (2000), an a  
uncertainty range is g  in e um age data is shown in fi re 3.1. 
1870

The process of animal production includes all anim
 process o ant produc

cts are al
n inc des all veget

 avera
e. cereals, po s, fruits

ilk equivalents, i.e. factor 10 for cheese
cts were obtained from SLV 1990 and2.5 for butter nt  and in plant pro 2003

ata getab was, due to ise dat vera
roo s, and r fruits, d an rs an

m HÖ 9-195  for 1950 and 200 ll were calculated 
CB and SJV 2003 and SCB 2001. For 
rlsson-Kanyama and Faist 2000) was a
e prod

0 a at
he averag
r beet, th

p
 p

sed o
ing r

V 2003
of 1:6.5 

gar from 
 to 

perio eds ar ssumed to b uced and used within the  pla
oss  inclu  in the c  spatial impr 0-20

nd 3% 00, s w n 
ds and henc
r sugar bee

he h the input data in round figures is presen
potatoes, vegetable

d below. 
ssumedears) atoes 50; 2000) a

iven xact n bers. Aver gu
: cereals 1 230 - 1 800 kg tare; potatoes 6  – 12 230 

kg it no  avai  as 1 0 0 - 1 50 
kg/hectare 
1

/hec
lable -

390 - 7 980 kg/hectare; vegetables 1 610
00 - 2 000 kg/hectare; sugar beet 9 45/hectare; fru data sumption 1 5

900: cereals 1 
/hectare; fru

410 0 kg re; po toes 7 630 – 9 330 etables 1 310 –  
kg it no avail ss 1 0
kg/hectare  
1

– 1 73 /hecta ta kg/hectare; veg  18 300
data able - a umption 00 – 4 000 kg/hectare; sugar beet 22 950 – 28 050 

950: cereals 2 
ectare; f

250 0 kg re, pot oes 10 980 -  1 640 - 23 000 
kg/h ruit 6 660 – 15 37 ectare; sugar beet 33 330 - 37 070 kg/hectare 

- 2 75 /hecta
0 kg/h

at 13 420 kg/hectare; vegetables  

2000: cereals 4 950 – 6 050 kg/hectare; potatoes 26 540 - 32 440; vegetables 32 000 - 48 000;  
fruits 7 420 – 19 710 kg/hectare; sugar beet 42 210 - 51 590 kg/hectare 

 
 
 
Table D7: Share of N and P in foods:  

 Milk Cereals Fats Meat Fish Egg Vegetables Fruits Potatoes Sugar 

g N/kg 4.7 11.7 - 31-42 29 20 4.2 1.92 2.7 0.0025 
g P/kg 0.9 1.6 0.1 1.8-1.9 2.1 2 0.43 0.3 0.46 0.01 

Average based on SLV 1990 (round figures) 
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Food consumption: 

The food groups consist of several different foods. Milk includes all dairy products except fats. In 
some cases the consumption of cheese was also specified. Fats were divided into fats on animal or 
vegetable base. Meat was divided into beef, pork and poultry. Vegetables included all legumes, 
vegetables, root crops etc except potatoes. Rice is included in the amount of cereals (and accounts for 

 of the total) and calculated as cereal production, since no rice can be produced in Sweden. Fruits 
cluded fruits, berries and nuts. Categories were mainly adapted to the national food statistics (SJV 

 assumed regional production in this study, exotic fruits such as bananas were 

 an estimation, based on the average diet for the year 2000 and gives the following 

d sugar 4%. 

6%
in
2003a). Due to the
replaced with local fruits in the calculations. Beverages were included according to the national food 
statistics, however alcoholic beverages and coffee were not taken into consideration. 
 

The results given in Paper I were varied slightly for the use in paper II to V. 
For the consumption of milk (which was considered a convalescent diet) and cheese, the average given 
in Juréen (cited in Morell 1989) was used, since the hospital diet was assumed to exaggerate the intake 
of these two food products. The consumption data was as followed: 144 kg milk per capita and 1.8 kg 
cheese per capita in 1870 and 199 kg milk per capita and 2.4 kg cheese per capita in 1900. For the 
consumption of meat, an average was calculated from the consumption given in Paper I and Juréen 
(cited in Morell 1989); 39 kg meat per capita in 1870 and 43 kg meat per capita in 1900. Data in 1870-
1940 are level 2, data from 1950 to 2000 are level 1.  
 
Scenario of a lacto-ovo vegetarian diet (no meat or fish; applied in chapter 6) 

The data is
composition: 
meat 0%; fish 0%; egg 2%; dairy prod (milk equiv) 49%; cereals 11%; vegetables 10%; potatoes 11%; 
fruit 13% an
 
 

 88 



REFERENCES 

 åkermark i Sverige. Sveriges Lantbruksuniversitet. 
ppsala. 

 Systems. School of 

ige. (SMHI RH 13, Maj 1997) SMHI, Norrköping. 
yres R U (1999). Accounting for resource, 2, The life cycle materials. Elgar, Cheltenham. 
yres R U and Simonis U E (eds.) (1994). Industrial Metabolism: Restructuring for Sustainable Development. 

United Nations University Press. Tokyo. 
Ayres R U and Ayres L W (eds.) (2002). A handbook of Industrial Ecology. Elgar, Cheltenham. 
Baccini P and Brunner P H (1991). Metabolism of the anthroposphere. Springer, Berlin/New York. 
Baccini P and Bader H-P (1996). Regionaler Stoffhaushalt. Spektrum Akademischer Verlag, Heidelberg. 
Bader H-P and Scheidegger R (1995). Benutzeranleitung zum Programm SIMBOX. EAWAG Dübendorf. 
Bader H-P and Scheidegger R (2004). SIMBOX handbook (Manuscript). EAWAG Dübendorf. 
Bader H-P, Real M, Scheidegger R (2003). Large scale implementation of Solar Home Systems in 
remote, rural areas. Clean Technologies and Environmental Policy 6: 16-25. 
Bader H-P, Scheidegger R, Real M (2005). Global renewable energies: a dynamic study of 
implementation time, greenhouse gas emissions and financial needs. To be published in Clean 
Technology and Environmental Policy 2005. 
Bergbäck B (1992). Industrial Metabolism – The Emerging Landscape of Heavy Metal Emissions in Sweden. 
Linköping Studies in Arts and Science No 76. Linköping University. Linköping.
Bleken M A, Bakken L R (1997). The Nitrogen Cost of Food Production: Norwegian Society. Ambio. 
26 (3):134-142. 

Archive Material:  
Linköping Stifts-och Landsbibliotekets Arkiv: 
Östgötasamlingen 
Hushållningssällskapet i Östergötlands läns handlingar, 1869-1951 (HÖ) 
 
National Swedish Archives (Riksarkivet): 
Royal Medical Archives (Kungliga Medicinalstyrelsens arkiv) 
Medicinalstyrelsen 1878-1914, övriga inkomna handlingar, 
Spisordningar för hospital och lasarett, E19, Vol 1-3 
 
Literature: 
Agustinsson H (2003). Växtnäring från avlopp – historik, kvalitetssäkring och lagar. Naturvårdsverket 
rapport, 5220. Naturvårdsverket. Stockholm. 
Almroth P and Kolsgård S (1978). Näringsliv. In Linköpings Historia 4. Tiden 1863-1910, ed Hellström 
S. Linköping. 
Anderberg S, Bergbäck B, Lohm U (1989). Flow and Distribution of Chromium in the Swedish 
Environment: A New Approach to Studying Environmental Pollution. Ambio 18 (4): 216-220. 
Andersson R (1986). Förluster av kväve och fosfor från
U
Andersson K (1998). Life Cycle Asessment (LCA) of Food Products and Production
Environmental Sciences, Department of Food Science; Chalmers University of Technology. 
Gothenburg. 
Arheimer B, Brandt M, Grahn G, Roos E, Sjöö A (1997). Modellerad kvävetransport, retention och 
källfördelning för södra Sver
A
A

 89



Bratt A (2003). Managing agricultural n C water framework directive in Sweden. 
Linköping studies in arts and science No 284. Linköping University. Linköping. 

ng 9 billion. In: Brown, L. (ed), State of the World 1999. Earthscan. London. 
Industrial metabolism at the regional and local level: a 

iss region. In: Ayres R U and Simonis UE (eds). Industrial Metabolism, Restructuring 
o. 

runner P H and Rechberger H (2004). Practical Handbook of Material Flow Analysis. Boca Raton, Fla.; 

ood Sector: A data survey. AFR-report 291. 

imal production. Dept. of Applied Environmental 
cience. Göteborg University. Sweden. 

abou R, Tello E (2003). Energy Flows, Land Use and Landscape Change in an organic 

uropean Society for Environmental History. Proceedings. 

nd Hallström J (2002). Den urbana renhållningen i Stockholm och Norrköping: från 

oSanRes 

. 

uk under 500 år. Kungliga Skogs- och Lantbruksakademien, Stockholm. 

Gothenburg. 
natur och kultur, 

ct from Swedish Food Production and Consumption. Lic thesis. 

otprint 

r. 

eowissenschaften, Workshop Müncheber 2004: 50-65, Shaker 

agement and societal 

utrient leakage within the E

Brown L (1999). Feedi
Brunner P H, Daxbeck H, Baccini P (1994). 
case-study on a Sw
for Sustainable Development :163-193. United Nation University Press. Toky
B
CRC, London.  
Carlsson - Kanyama A and Faist M (2000). Energy Use in the F
AFR, Naturvårdsverket. Stockholm. 
Cederberg C (2002). Life cycle assessment (LCA) of an
S
Cussó X, Garr
Advanced Agriculture: the Catalan Vallès County in 1860/70. In: Jelecek L et al (eds). Dealing with 
Diversity, 2nd international conference of the E
Charles University of Prague. 
Drangert J-O a
svin till avfallskvarn?. Bebyggelsehistorisk tidskrift 44: 7-24. 
Drangert J-O (2004). Norms and Attitudes Towards Ecosan and Other Sanitation Systems. Ec
Publications Series. Report 2004-5. EcoSanRes Programme and the Stockholm Environment Institute. 
Stockholm
Drangert J-O and Hallström J (2005). Det urbana jordbrukslandskapets öde. Näringsämnenas kretslopp 
i Norrköping 1850-1920. In: Mårald E and Jansson U (eds). Bruka, odla, hävda: Odlingssystem och 
uthålligt jordbr
Drangert J-O and Löwgren M (2005). Förändring eller kontinuitet? Faktorer som påverkar va-systemens 
utveckling. Urban Water Report (MISTRA Programme). Chalmers University. 
Engberg M, Bergengren G, Kempe T (1996). Östgötaboken – utflykten i 
Utbildningsförlaget brevskolan, Stockholm. 
Engström R (2004). Environmental Impa
KTH. Stockholm. 
Erb K-H (2004). Actual land demand of Austria 1926-2000: a variation on Ecological Fo
assessments. Land Use Policy 21 (3): 247-259.  
Faist M (2000). Ressourceneffizienz in der Aktivität Ernähren. Akteurbezogene Stoffflussanalyse. ETHZ N
13884. ETH. Zürich. 
Fischer-Kowalski M (1998). Society’s metabolism. The intellectual history of material flow analysis, Part 
I, 1860-1970. Journal of Industrial Ecology 2 (1): 61-78. 
Fröman O (1912). Kloakväsen Minnesskrift 1862-1912. Svenska Stadsförbundet. Stockholm  
Gnauck A and Luther B (2004). Zur Interpolation und Approximation wassergütewirtschaftlicher Zeitreihen. 
Proceedings Simulation in Umwelt und G
Verlag. 
Günther F (1997). Hampered effluent accumulation process: Phosphorus man
structure. Ecological Economics 21: 159-174. 

 90 



Haberl H, Erb K-H, Krausmann F (2001). How to calculate and interpret ecological footprints for long 
periods of time: the case of Austria 1926-1995. Ecological Economics 38: 25-45. 
Hakanen M (1999). Yhdyskuntien ekologisesti kestävän kehityksen arviointi, kriteerit ja mittaaminen. Helsinki 

ics 29: 443-461. 

n: Focus 1(3-4): 197-211. 

sity. Linköping. 

twicklung. ETHZ Nr. 14540. ETH, Zürich. 

. Clean Technol. Environ. Policy 2003: 138-148.  

 (1988). Hektarskördarnas utveckling inom svenskt jordbruk – om växtodlingens 

umption. Swedish 

uilding and 

issions and Sediment Load of Urban Heavy Metals. Linköping 

Stintzing A, Vinnerås B, Salomon E (2004). Guidelines on the Use of Urine and Faeces 

. 

0. Linköping University. Linköping 

g water and 

ann F (2004). Milk, manure and muscular power. Livestock and the transformation of 

Kungl. Socialstyrelsen (1938). Levnadsvillkor och Hushållsvanor i städer och industriorter 1933. Stockholm. 

University. Helsinki. 
Hallström J (2002). Constructing a Pipe-Bound City. Linköping Studies in Arts and Science No 267. 
Linköping University. Linköping. 
Harris J M and Kennedy S (1999). Carrying capacity in agriculture: global and regional issues. 
Ecological Econom
Hedbrant J and Sörme L (2000). Data vagueness and uncertainties in urban heavy metal data 
collection. Water, air and Soil Pollutio
Hedbrant J (2003). Structuring Empirical Knowledge on Environmental Issues. Linköping Studies in Arts 
and Science No 283, Linköping Univer
Hoffman M (1999). Assessment of Leaching Loss Estimates and Gross Load of Nitrogen from Arable Land in 
Sweden. Swedish University of Agricultural Sciences. Uppsala. 
Hug F (2002). Ressourcenhaushalt alpiner Regionen und deren physiologische Interaktionen mit den Tiefländern 
im Kontext einer nachhaltigen En
Hug F, Bader H-P, Scheidegger R, Baccini P (2004). A dynamic model to illustrate the development of 
an interregional energy household to a sustainable status
IPCC (1996). Climate Change 1995: The Science of Climate Change. (eds Houghton J T, Meira Filho L G, 
Callander B A, Harris N, Kattenberg A, Maskell K). Cambridge University Press, Cambridge. 
Jansson S L
miljöberoende. In: Kungl. Skogs- och Lantbruksakademiens Tidskrift. Supplement 20. 
Jubileumssupplement. Stockholm.  
Johansson S (2005). The Swedish Foodprint. An Agroecological Study of Food Cons
University of Agricultural Sciences 2005:56. Uppsala. 
Johnstone F M (2001). Energy and mass flow of housing: a model and example. B
environment 36: 27-41. 
Jonsson A (2000). The Trace of Metals. Use, Em
Studies in Arts and Science No 221, Linköping University. 
Jönsson H, Richert 
in Crop Production. EcoSanRes Publications Series. Report 2004-2. EcoSanRes Programme and the 
Stockholm Environment Institute. Stockholm
Karlsson G (1989). Dynamics of Nutrient Mass Transport. A River Basin Evaluation. Linköping Studies in 
Arts and Science No 4
Kohler N, Hassler U, Paschen H (1999). Stoffströme und Kosten in den Bereichen Bauen und Wohnen. 
Springer Verlag 1999. 
Krantz H (2005). Matter that matters. A study of household routines in a process of changin
sanitation arrangements. Linköping Studies in Arts and Science No 316. Linköping University. 
Linköping. 
Krausm
preindustrial agriculture in Central Europe. Human Ecology: An interdisciplinary Journal 32 (6): 735 – 
772. 

 91



Kungl. Socialstyrelsen (1943). Hushållsbudgeter och Livsmedelskonsumtion i Städer och tätorter 1940-1942. 
Stockholm. 
Kytzia S; Faist M, Baccini P (2004). Economically-extended MFA: A Material Flow approach for a 
better understanding of food production chain. Journal of Cleaner Production 12: 877-889. 

anagement 2 (4): 30-39. 

rspective. 5202, Swedish Environmental Protection Agency, Stockholm. 

gs Kommun, Linköping. (pdf; available at 

röm and the Postwar Population-Resource Crisis. 

ss. Isle of Harris. 

uflöden. Rapport 1998:18. 

 

ook Co. 

ty assessments. Land Use Policy 21 (3): 231-246. 

Laakonen S and Lehtonen P (1999). A quantitative analysis of discharges into the Helsinki urban sea 
area in 1850-1995. European Water M
Lewan L (2002). Ecological footprints and biocapacity: tools in planning and monitoring of sustainable 
development in an international pe
(pdf; available at http://www.naturvardsverket.se). 
Linköpings Kommun (2003). Statistisk årsbok 2003. Linköpin
http://www.linkoping.se). 
Linnér B-O (1998). The World Household. Georg Borgst
Linköping Studies in Arts and Science No 181. Linköping University. Linköping. 
Linnér B-O (2003). The Return of Malthus. The White Horse Pre
Lohm U (1998). Studier kring samhällets resurshantering och bärkraftig utveckling. In: FRN, 
Internationell forskning om uthållig utveckling – material- och var
Forskningsrådsnämnden. Stockholm. 
Länsstyrelsen i Östergötlands län (ed) (1983). Natur, Kultur: Miljöer i Östergötland. Länsstyrelsen i
Östergötlands Län. Linköping. 
Malthus T R (2001). An Essay on the principle of population (electronic resource). Electric B
c2001. (Text of the first edition, published 1798). London. 
Meadows D H, Meadows D L, Randers J, Behrens W W (1972). The limits to growth. Universe books. 
New York. 
Monfreda C, Wackernagel M, Deumling D (2004). Establishing national natural capital accounts based 
on detailed Ecological Footprint and biological capaci
Morell M (1989). Studier i den svenska livsmedelskonsumtionens historia. Almqvist & Wiksell International. 
Stockholm. 
Morell M (2001). Jordbruket i Industrisamhället, 1870–1945. Natur och Kultur/LTs Förlag. 
Stockholm. 
Müller D, Bader H-P, Baccini P (2004). Physical characterization of regional long-term timber 
management using a material and energy flow analysis. Journal of Industrial Ecology 8(3): 65-88. 
Naturvårdsverket (Swedish Environmental Protection Agency) (1995). Vad innehåller avlopp från hushåll. 
Rapport 4425. Naturvårdsverket. Stockholm. 
Naturvårdsverket (1996). Flöden av organiskt avfall. Rapport 4611. Naturvårdsverket. Stockholm. 
Naturvårdsverket (1997a). Kväve från land till hav. Rapport 4735. Naturvårdsverket. Stockholm. 
Naturvårdsverket (1997b). Kväveläckage från svensk åkermark. Rapport 4741. Naturvårdsverket. 
Stockholm. 
Naturvårdsverket (1997c). Fosfor - livsnödvändigt, andligt och ett miljöproblem. Rapport 4730. 
Naturvårdsverket. Stockholm. 
Naturvårdsverket (1997d). Förluster av fosfor från jordbruksmark. Rapport 4731. Naturvårdsverket. 
Stockholm. 
Naturvårdsverket (1997e). Det framtida jordbruket : slutrapport från systemstudien för ett miljöanpassat och 
uthålligt jordbruk. Rapport 4755. Naturvårdsverket. Stockholm. 
Naturvårdsverket (1997f). Källor till kväveutsläpp. Rapport 4736. Naturvårdsverket. Stockholm. 

 92 



Naturvårdsverket (2002). Aktionsplan för återföring av fosfor ur avlopp. Rapport 5214. Naturvårdsverket. 
Stockholm. 
Newcombe K, Kalma J D, Aston A (1978). The Metabolism of a City: The Case of Hong Kong. Ambio 
7: 1:3-15. 
Nielsen B, Hasselrot B, Duus U (1992). Kvävecykeln i Göteborg. Melica miljökonsulter. Göteborg. 
Noreen S E (1978). Bebyggelse. In: Linköpings Historia 4. Tiden 1863-1910, ed Hellström S. Linköping. 

n T, Glenck E, Hendriks C, Morf L, Paumann R, 

n Metabolism, The city of Vienna. Institute for Water Quality and Waste 

ter Rapport, 2004:2. 
logy. Gothenburg. 

er resources: agriculture, the environment, and society. BioScience 

medelvikt och BMI hos mönstrande 18-åringar 1962-2000. Available at 

Norin S (1963). Data för gårdens Driftsplanering: sammanställda efter Databok för driftsplanering. LTs förlag. 
Stockholm. 
Obernosterer R, Brunner P H, Daxbeck H, Gaga
Reiner I (1998). Materials Accounting as a Tool for Decision Making in Environmental Policy – Mac TemPo 
Case Study Report – Urba
Management, Technical University of Vienna. Vienna. 
Olofsson A (2004). Juridiska förutsättningar för uthålliga avloppssystem. Urban Wa
Göteborg, Forskningsprogrammet Urban Water, Chalmers University of Techno
Pfister F (2003). Resource Potentials and Limitations of a Nicaraguan Agricultural Region. ETHZ No 15169. 
ETH Zürich. 
Piementel D and Houser J (1997). Wat
47 (2): 97-106. 
Pliktverket (2005). Medellängd, 
http://www.pliktverket.se (2005-06-02).
Raab B and Vedin H. (eds.) (1995). National atlas of Sweden; Climate, lakes and rivers, Almkvist & Wiksell 

979). Industrial Emissions of Cadmium in the European Community. Sources, Levels and Controls, 

le 

 (2004). The Precarious Geopolitics of Phosphorus. Down to Earth. June 30; 2004: 27-31. 
roved Global 

y. In: H Tiessen (ed), Scope 54: Phosphorus in the Global Environment -Transfers, Cycles and 

International. Stockholm. 
Rauhut A (1
European Community Study Contract ENV/223/74E, Cadmium Association. London. 
Real M G (1998). A methodology for evaluating the metabolism in the large scale introductions of renewab
energy systems. ETHZ No 12937. ETH Zürich. 
Rosemarin A
Runge-Metzger A (1995). Closing the cycle: Obstacle to Efficient P Management for Imp
Food Securit
Management, Wiley. UK. Available at http://www.icsu-scope.org (2005-06-08). 
Rössner S (2002). Obesity: the disease of the twenty-first century. International Journal of Obesity 26 (4): 

f Sewage Nitrogen in a Coastal Ecosystem. Department of 

 JO 16 

2-4. 
Savage C (2003). Fate, Retention and Effects o
System Ecology. Stockholm University. Sweden. 
SCB (Statistics Sweden) (2001). Hektarskördar och totalskördar 2000. SOS/Statistiska meddelanden,
SM 0101. Statistiska centralbyrån. Stockholm.(pdf; available at http://www.sjv.se). 
SCB (2005a). Undersökning av levnadsförhållanden. Vikt och längd i befolkningen. Available at 
http://www.scb.se (2005-06-09). 
SCB (2005b). Kraftig ökning av fetma i Sverige 1988-89 – 2002-2003. Available at http://www.scb.se (2005-

V (Swedish Agricultural Department) (2003). Jordbruksstatistisk Årsbok 2003. Statistiska 
06-09). 
SCB and SJ
centralbyrån. Stockholm.(pdf; available at http://www.sjv.se). 

 93



Schüle H (1989). Raum-zeitliche Modelle - ein neuer methodischer Ansatz in der Agrargeschichte. University of 
Bern. Switzerland. 

t http://www.sjv.se). 
ilable 

föreningen. Stockholm.  

beller. (Skolupplaga 4:e upplagan). Statens 

ion. 

 Brunner P H, Kroiss H (1999). Nutrient balances for Danube countries: a strategic 

fentlig statistik) (1959). Historisk statistik för Sverige Del 2:  Väderlek, lantmäteri, jordbruk, 

975. Statistiska centralbyrån. Stockholm.  

rdbruket 2000/01. Mi 30 SM 0202. Statistiska centralbyrån. Stockholm. 

6. 

 CA. Available at 

SJV (2003a). Konsumtionen av livsmedel och dess näringsinnehåll. Jordbruksverket. Rapport 2003:6. (pdf; 
available a
SJV (2003b). Riktlinjer för gödsling och kalkning 2004. Jordbruksverket. Rapport 2003:22. (pdf; ava
at http://www.sjv.se). 
SKTF (1940). SKTF (Svensk Kommunalteknisk Tidskrift. Stockholm). Vatten- och 
avloppsverks
SKTF (1952). SKTF (Svensk Kommunalteknisk Tidskrift. Stockholm). Vatten- och 
avloppsverksföreningen. Stockholm.  
SLU (1996). Databok för driftsplanering. Speciella skrifter 62. Sveriges Lantbruksuniversitet, Uppsala. 
SLV (Statens Livsmedelsverk) (1990). Livsmedelsta
livsmedelsverk. Uppsala. 
Smil V (1990). Nitrogen and Phosphorus. In: B L Turner (Ed). The Earth Transformed by human act
Cambridge University Press with Clark University, Cambridge. UK. 
Somloyódy L,
analysis. Water Science Technology 40 (10): 9-16. 
SOS (Statens of
skogsbruk, fiske t.o.m. år 1955. Statistiska centralbyrån. Stockholm. 
SOS (1975). Folk-och Bostadsräkning år 1
SOS (1990). Folk-och Bostadsräkning år 1990. Statistiska centralbyrån. Stockholm. 
SOS (2002). Gödselmedel i jo
SOS (2003a). Statistiska meddelanden. Kväve- och fosforbalanser för svensk åkermark och jordbrukssektor 2001. 
Mi 40 SM 0301. Statistiska centralbyrån. Stockholm. 
SOS (2003b). Utsläpp av ammoniak till luft i Sverige 2001. Mi 37 SM 0201. Statistiska centralbyrån. 
Stockholm. 
Stålnacke P (1996). Nutrient loads to the Baltic Sea. Linköping Studies in Arts and Science No. 14
Linköping University. Linköping. 
Sustainable Sonoma County with Redefining Progress (2002). Time to Lighten Up? Report on the Sonoma 
County Footprint Project, Sustainable Sonoma County, Sebastopol,
http://www.sustainablesonoma.org (2005-06-20). 
Söderbäck O (1995). Se Östergötland. Östgötastiftelse-natur och fritid. Linköping. 

1998. 

Division of the Department of Economic and Social Affairs of the 

 Voet E (1996). Substances from Cradle to Grave. Development of a methodology for the analysis of 

Sörme L (2003). Urban Heavy Metals Stocks and Flows. Linköping Studies in Arts and Science No. 270. 
Linköping University. Linköping. 
Tekniska Verken i Linköping (1991-2002). Miljörapport. Linköping. 
Tånneryd J (ed) (1998). Längd och vikt förr och nu. Totalförsvars Folket. No 3; may 
UN Statistics (database). World Population Prospects: The 2004 Revision and World Urbanization Prospects: 
The 2003 Revision. Population 
United Nations Secretariat. Available at http://esa.un.org/unpp (2005-05-23). 
Van der
substance flows through the economy and the environment of a region. Centre of Environmental Science, 
Leiden University. Leiden. 

 94 

http://www.scb.se/


Van der Voet E, Guinée, J B, Udo de Haes H A (eds) (2000). Heavy Metals: A Problem Solved? Methods 
and Models to Evaluate Policy Strategies for Heavy Metals. Kluwer Academic Publishers.  

. 

 Nature Do they use? How much do they have?. (pdf; available at 
re

Wackernagel M and Rees W E (1996). Our ecological footprint: reducing human impact on the earth. New 
Society Publishers. Philadelphia
Wackernagel M, Monfreda C, Deumling, D (2002). Ecological Footprint of Nations - November 2002 
update - How much
http://www.ReefiningProg ss.org). 
Wackernagel M, Lewan L, Borgström H (spreadsheet). Calculation of the Ecological Footprint (…). (pdf; 

olavailable at http://www.bi .lu.se/zoofysiol/Lewan/ef-swe94.pdf). 
Wackernagel M, Monfreda C, Schulz N B, Erb K-H, Haberl H, Krausmann F (2004a). Calculating 

 21 

C, Erb K-H, Haberl H, Schulz N (2004b). Ecological footprint time series 

ement exemplified by 

national and global ecological footprint time series: resolving conceptual challenges. Land Use Policy
(3): 271-278. 
Wackernagel M, Monfreda 
of Austria, the Philippines, and South Korea for 1961-1999: comparing the conventional approach to 
and ‘actual land area’ approach. Land Use Policy, 21(3): 261-269. 
WWF (2002). Living Planet Report 2002. WWF, Gland, Switzerland. (pdf; available at 
http://www.panda.org). 
WWF (2004). Living Planet Report 2004. WWF, Gland, Switzerland. (pdf; available at 
http://www.panda.org). 
Zeltner C, Bader H-P, Scheidegger R, Baccini P (1999). Sustainable metal manag
copper in the USA. Regional Environmental changes 1: 31-46. 
 

Personal communication: 
Allan Hansson; pers com (2004-03-22)  
Birgitta Strandberg, pers com (2005-06-21) 
 

 95


	INTRODUCTION
	METHODS
	Food and environment
	Material Flow Analysis
	Modeling procedure
	Mathematical model
	Calibration
	Error propagation and sensitivity analysis

	Spatial Imprint
	Data uncertainties

	DATA AND STUDY AREA
	Linköping
	The city and its waste handling system
	Historical development in the regional agriculture

	FOOD AND CONSUMPTION CHANGES
	FOOD AND NUTRIENT FLOWS
	System
	Nitrogen
	Food and nitrogen flows

	Phosphorus
	Food and phosphorus flows
	Phosphorus recycling in waste handling

	Discussion

	FOOD AND SPACE
	Spatial imprint of food consumption and production
	Discussion

	FOOD AND RESOURCES - GENERAL CONCLUSION
	ACKNOWLEDGEMENTS
	APPENDICES
	Appendix A: System I
	Calibration
	System I
	System II
	Table D4: Animal production




	REFERENCES
	alla papers.pdf
	Environmental Imprint
	of
	Human Food Consumption
	Linköping, Sweden 1870-2000
	Tina-Simone Schmid Neset
	S-581 83 Linköping


	Neset kappa.pdf
	INTRODUCTION
	METHODS
	Food and environment
	Material Flow Analysis
	Modeling procedure
	Mathematical model
	Calibration
	Error propagation and sensitivity analysis

	Spatial Imprint
	Data uncertainties

	DATA AND STUDY AREA
	Linköping
	The city and its waste handling system
	Historical development in the regional agriculture

	FOOD AND CONSUMPTION CHANGES
	FOOD AND NUTRIENT FLOWS
	System
	Nitrogen
	Food and nitrogen flows

	Phosphorus
	Food and phosphorus flows
	Phosphorus recycling in waste handling

	Discussion

	FOOD AND SPACE
	Spatial imprint of food consumption and production
	Discussion

	FOOD AND RESOURCES-GENERAL CONCLUSION
	ACKNOWLEDGEMENTS
	APPENDICES
	Appendix A: System I
	Calibration
	System I
	System II
	Table D4: Animal production




	REFERENCES

	korr Neset kappa2.pdf
	INTRODUCTION
	METHODS
	Food and environment
	Material Flow Analysis
	Modeling procedure
	Mathematical model
	Calibration
	Error propagation and sensitivity analysis

	Spatial Imprint
	Data uncertainties

	DATA AND STUDY AREA
	Linköping
	The city and its waste handling system
	Historical development in the regional agriculture

	FOOD AND CONSUMPTION CHANGES
	FOOD AND NUTRIENT FLOWS
	System
	Nitrogen
	Food and nitrogen flows

	Phosphorus
	Food and phosphorus flows
	Phosphorus recycling in waste handling

	Discussion

	FOOD AND SPACE
	Spatial imprint of food consumption and production
	Discussion

	FOOD AND RESOURCES - GENERAL CONCLUSION
	ACKNOWLEDGEMENTS
	APPENDICES
	Appendix A: System I
	Calibration
	System I
	System II
	Table D4: Animal production




	REFERENCES

	Neset Paper III.pdf
	The Flow of Phosphorus in Food Production and Consumption
	- Linköping, Sweden, 1870-2000
	Abstract
	Introduction
	Materials and Methods
	Background
	Food
	Sanitary system

	The system for the flow of phosphorus
	Mathematical Model
	Calibration and uncertainties

	Results
	Discussion
	Concluding remarks
	Acknowledgements





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




