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Abstract 

Urban Metabolism is a metaphor that allows us to look at the city as a living organism. Just like an 

organism, the city requires food and water for its existence and turns them into wastes. Having 

information on how much of certain material is flowing in and out of the city, can create a picture of its 

efficiency. In 1965, Abel Wolman put up an urban metabolism model for an assumed North American 

city with a population of 1 million inhabitants, evaluating material in- and outflows per unit of capital 

use.  

Making cities sustainable is about using materials at a rate that allows the surroundings to replenish 

them. They should also be able to handle the city’s waste so that it does not accumulate and pollutes. 

In that way, adjusting or re-using flows can improve a city’s sustainability and research on urban 

metabolism can point out where these changes are needed. 

As a start for urban metabolism research in the city of Östersund, located in the mountains of mid 

Sweden, a small literature review accompanied with a small first assessment of the metabolism of the 

city were performed.  

The urban metabolism concept has developed a lot since the first attempts by Wolman and others. 1) 

Internal throughflows have been developed; 2) a focus on consumption patterns, e.g. with the ecological 

footprint approach; 3) environmental impact, assessed with e.g. LCA; 4) ecosystem approaches, based 

on an energy backbone as e.g. emergy accounting, but also dynamic ecosystem approaches; 5) spatial 
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aspects addressed with GIS assessment; 6) urban planning and design approaches; 7) social-industrial 

ecology; 8) urban ecology approaches; 9) urban political ecology approaches; 10) ecological 

economics. Notable is also that there is not yet a standardized framework.  

The first rough assessment of metabolism of the city of Östersund reveals that 1) the total use of 

technical energy is divided equally between transports, heating, and electricity use; 2) electricity is 

locally produced, but only to the extent of 0.25%. The locally produced electricity is to 94% of 

renewable type; 3) imported food and agricultural products is estimated at 40 000 tonnes; 4) annual 

freshwater use is ca 8 million cubic meters, most of it used by households. Ca 6.7 million cubic meter 

finds its way to the wastewater treatment plant; 5) solid waste is estimated at 200 000 tonnes, with 

construction waste as the largest fraction; 6) natural energies flowing through the town are estimated at 

33 TWh of solar insolation.  

As seen from the literature review, the further research of the urban metabolism of Östersund can take 

many routes. So far, the first steps of the so-called MEFA approach have been taken, but methods 

focused on the spatial, ecological, social, and political aspects of urban metabolism can still be added 

to enhance the analysis. 

 

1. Introduction  

Urban Metabolism is a metaphor that allows us to look at the city as a living organism. Just like an 

organism, the city requires food and water for its existence and turns them into wastes. Having 

information on how much of a certain material is flowing in and out of the city, can create a picture of 

its efficiency. In 1965, Abel Wolman put up an urban metabolism model for an assumed North 

American city with a population of 1 million inhabitants, evaluating material in- and outflows per unit 

of capital use.  

Making cities sustainable is about using materials at a rate that allows the surroundings to replenish 

them. They should also be able to handle the city’s waste so that it does not accumulate and pollutes. 

In that way, adjusting or re-using flows can improve a city’s sustainability and research on urban 

metabolism can point out where these changes are needed. 

As a start for urban metabolism research in the city of Östersund, located in the mountains of mid 

Sweden, a small literature review accompanied with a small first assessment of the metabolism of the 

city were performed.  
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2. Methods 

a. Literature review 

The literature review was performed by searching in the database Google Scholar for journal articles 

including the search term “Urban metabolism”. Nine journal articles were found to represent the area 

of study, and in this paper 4 of these are reviewed, see Table 1. 

 

Table 1. Journal articles included in the short literature review, divided by category. 

Author(s), year Title  

(Cui, 2018) How can cities support sustainability: A bibliometric analysis 
of urban metabolism. 

(Zhang, 2013) Urban metabolism: A review of research methodologies. 
(Huang et al., 2020) Urban metabolism analysis. 

(Broto, Allen, & Rapoport, 2012) Interdisciplinary perspectives on urban metabolism. 
 

b. Estimation of urban metabolism in Östersund city 

The first estimation of the urban metabolism of Östersund city has an energy- and material flow 

approach, see Figure 1. Three general methods were used to collect or produce the data: 

1. Local data used as they are or was translated from the municipality level to the city level based 

on per capita use or land use.  

2. Regional data assumed to be representative of the city of Östersund, often recalculated based 

on per capita use or land use.  

3. National data assumed to be representative also for the city of Östersund, often recalculated 

based on per capita use or land use. 

 

The two most important sources for the data used in this research are Statistics Sweden and Koloada.se. 

Besides these, Skogsstyrelsen, Jordbruksverket, SMHI and Östersund municipality were also used as a 

source. 
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Figure 1. Urban metabolism as a metaphor that allows us to look at the city as a living organism. 

Just like an organism, the city requires food and water for its existence and turns them into wastes. 

Having information on how much of certain material is flowing in and out of the city, can create a 

picture of its efficiency. 

 

3. Results and Discussion 

a. Short literature review 

The urban metabolism concept has developed a lot since the first attempts by Wolman and others. 1) 

Internal throughflows have been developed; 2) a focus on consumption patterns, e.g. with the ecological 

footprint approach; 3) environmental impact, assessed with e.g. LCA; 4) ecosystem approaches, based 

on an energy backbone as e.g. emergy accounting, but also dynamic ecosystem approaches; 5) spatial 

aspects addressed with GIS assessment; 6) urban planning and design approaches; 7) social-industrial 

ecology; 8) urban ecology approaches; 9) urban political ecology approaches; 10) ecological 

economics. Notable is also that there is not yet a standardized framework.  

 

Cui (2018) performed a bibliometric analysis of urban metabolism in the paper “How can cities support 

sustainability: A bibliometric analysis of urban metabolism.”. This is a quantitative analysis of the 

articles that are using the term “urban metabolism”. By using a clustering analysis, Cui created a map 

that shows in what context the term is used. Some of the reoccurring terms are population, energy, 
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China, sustainability, economy and country. Cui then continues making several bi-dimensional 

diagrams of different terms and their relations to other terms (Cui, 2018). 

Cui (2018) found four ways in which urban metabolism is contributing towards sustainable cities: “(1) 

consumption pattern changes along with the urbanization process; (2) the biogeochemical cycle of 

material and corresponding pollution issues; (3) the simplified component links of urban metabolism 

for policy-making, aiming to improve development on an urban level; and (4) opportunity generation 

and habitat wellbeing promotion through efficient resource use or reuse.” 

Cui (2018) points out that there are still gaps in the urban metabolism research, a major one the lack of 

a standardized framework for the urban metabolism of cities. This would increase comparability 

between cities around the world. Another direction would be to explore cities in more detail, thereby 

supporting urban planners and policy makers. The research must happen on different scales and with 

geographic locations to be of most use to them. Lastly a more interdisciplinary form of urban 

metabolism to involve all stakeholders and include field such as sociology, psychology, biology, and 

technology can help in solving the city’s problems more effectively.  

 

Zhang (2013) in the paper “Urban metabolism: A review of research methodologies” performed a 

review of the literature on urban metabolism, but with a stronger focus on methodology and how it has 

progressed, its modelling, and its application. 

In this article, the author is taking the metaphor of urban metabolism as far as stating that the city is 

sick because of the disorder in the urban metabolism (Zhang, 2013). Since the city is an artificial 

ecosystem, it has grown to be unsustainable due to its rapid growth and taking up more resources than 

its surroundings can replenish, while also producing wastes that cannot be absorbed by its surroundings 

at the same rate as they are flowing out of the city, thereby polluting itself and its surroundings. The 

main goal, according to Zhang, is to fix these metabolic problems of the city by developing the 

discipline of urban ecology amongst other disciplines. This will help urban managers to better 

understand and tackle the problems that come with urbanization. It will also give theoretical and 

methodological support for resource and energy reduction programs that will help create the “low-

carbon city” and the “ecological city” (Zhang, 2013). 

 

Huang et al. (2020) in a book chapter, “Urban metabolism analysis “, gives an overview of the field of 

‘urban metabolism’ with the different methods used within the field, a range of case studies in different 

cities and about the change in focus happening within the community studying urban metabolism. The 

methods identified are: 1) Material Flow Analysis (MFA), quantifying the stocks and flows of materials 
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flowing in and out of the studied subject, in this case a city. It is a very useful for measuring socio-

economic metabolism, but it does not give a complete picture on the interaction between humans and 

the environment due to its focus on the input and output 2) Life Cycle Assessment (LCA) looking at 

the life cycle assessment (of part) of a city’s metabolism; 3) Energetics of urban metabolism is including 

energy flows in the analysis as a good way to connect ecosystems with the economic system in a city. 

Besides accounting for energy flows, it can also form a basis to which different flows such as materials 

can be integrated and valued. This is often done according to the “unifying theory of system ecology of 

values”, with ‘emergy’ as one of the introduced terms. Emergy is “all the available energy that was 

used in the work of making a product in units of one type of energy” (Odum, 1996); 4) “Ecological 

footprint measures the total amount of land required to provide resources and energy for a given 

population under a specified living standard” (Huang et al., 2020). This could thus be done for a city. 

It is a good way to measure the impact that a city has in a global context. For London, the ecological 

footprint was estimated to be 125 times the area of the city. Land use and land cover change has an 

important influence on urban metabolism and can be measured using the ecological footprint or the 

Human Appropriation of Net Primary Production (HANPP). 

Huang et al. (2020) also identified a move from a traditional to a new emerging focus in relation to 

urban metabolism research. The following eight changes are discussed (Huang et al., 2020): 1) Direct 

flows -> hidden flows; 2) Linear flows -> Cycle flows; 3) Single city budget -> cross city patters; 4) 

Static snapshot -> temporal & spatial dynamics; 5) Numbers and quality -> regulating processes & 

drivers; 6) Resource & environmental impacts -> policy & planning implications; 7) Black box -> 

Multiple subsystems model; 8) Socioeconomic pattern -> Biophysics & socioeconomic.  

Huang et al. (2020) concluded that this new emerging urban metabolism strives to be more 

interdisciplinary and more comprehensive. According to the authors, a better understanding of the link 

between ecological processes and the different flows within the city can help with policy making. 

 

Broto, Allen, and Rapoport (2012), in the paper, “Interdisciplinary perspectives on urban metabolism”, 

had an aim “to put the literature on urban metabolism within industrial ecology into dialogue with other 

disciplines, including urban ecology, ecological economic, political economy, and political ecology”. 

The authors do this by discussing six themes. 

1) The first theme is viewing the city as an ecosystem, influenced by system ecology. It tries to 

understand the city by looking at the relationships and interactions in a city. When looking at the city 

as an ecosystem, the notion that the city is linear in its metabolism instead of cyclical, like “natural” 

ecosystems, often comes up. It is then compared to a parasite, feeding of its environment. Some urban 
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ecologists have challenged this view of a city as a stable and predictable ecosystem by shifting the focus 

on resilience to internal and external shocks that it will have to endure (Broto et al., 2012). 

2) In the second theme material flow analysis (MFA) and energy analysis in a city context also 

highlights how the flows of materials and energy is linear and this is seen as a vulnerability. Within 

MFA studies, one of the goals is to reduce the cities dependence on its surroundings and increase self 

sufficiency. One way in which this is done is by identifying inefficiencies in flows and reducing those. 

A weakness of MFA and other forms of accounting like the ecological footprint is that they often don’t 

provide solutions that policy makers can implement. These flows are not linked to how the city is 

designed and built up, infrastructure, and lifestyles. There is also a need for understanding social and 

political drivers, to give more meaning to the MFA (Broto et al., 2012).      

3) The third theme is the the view of how the material basis of the economy relates more of the city and 

its economy as abiding to the laws of thermodynamics. The city transforms low entropy materials and 

energy to high entropy waste and heat. One of the questions asked if we in cities can experience growth 

while being decoupled from environmental degradation caused by this process. Some say that 

continuous growth is impossible because of the limited resources available on the Earth, which would 

mean growth has to be stopped, while also emphasizing the importance of maintaining employment and 

social stability. This would require a better understanding of the spatial distribution of urban flows, both 

in material, energy, and capital (Broto et al., 2012). 

4) The fourth theme is an economic drivers view of rural-urban relationships has an emphasis of the 

city demanding resources from the periphery, contributing to a structural inequality between them. 

When using a global perspective, this can also be seen as a reason for the disparity between poor and 

rich countries. Instead of bad governance and market failure, poorer countries can also be seen as the 

periphery of the urban, rich countries as a supply of resources and a sink for wastes, to keep their high 

metabolism going (Broto et al., 2012). 

5) In the fifth theme Broto et al. (2012) highlite the reproduction of urban inequality: “Urban political 

ecology studies examine how the material conditions of urban environments are controlled by and serve 

the interests of elites, at the expense of marginalized populations”. Infrastructure plays an important 

role in inreasing or decreasing this inequality. They connect the city with the periphery but can also 

serve the elites, while not serving the poorer parts of the city. For example, water distribution is often 

political, prioritizing richer or industrial parts of the city, while neglecting the rural surroundings and 

poorer neighbourhoods. 

6) In the sixth theme resignifying socioecological relationships in the city is highlighted, since Political 

ecology sees urbanization “as a social process of transforming and reconfiguring nature”   

(Swyngedouw, 2006a). They claim that extending the MFA to include some political and social factors 



Ecotechnology working paper 2022-3b, developed from the poster presentation at the 

28th International Sustainable Development Research Society Conference, Stockholm, 15-17 June 2022 

 
won’t be enough to explain the relationships that shape the city (Broto et al., 2012). It is not the case 

that we are distanced from nature by urbanization, but rather that urbanization is a process of 

establishing new complex relationships between society and nature (Keil, 2003).  

Finally Broto et al. (2012) concludes that the different perspectives on urban metabolism can help 

improve the understanding of how cities function. All perspectives agree on that production and 

consumption patterns in urban areas need to change systematically. Urban metabolism can link material 

and energy flow with natural processes and social change. This is promising. The challenge to balance 

understanding of urban processes and making these insights useful for policy makers to employ 

changes. Lastly, the authors advocate for a diversity of perspectives instead of one unified way of 

addressing urban metabolism (Broto et al., 2012).   

  

b. First estimation of Östersund urban metabolism 

The results from our first estimation of some of the major material and energy flows in Östersund can 

be seen in Figure 2.  

i. Water 

As can be seen in Figure 2, the largest flow coming into the city is water. With an estimated inflow of 

more than 7 million tonnes, this constitutes to around 138 tonnes of water usage per capita per year. In 

Figure 3, the distribution of water consumption between different types of users is shown. The largest 

part of the water usage can be traced back to households with 58 percent, while industry and agriculture 

are having a relatively small share in the total water consumption with around roughly 6 and 3 percent 

respectively. 

 

 



Ecotechnology working paper 2022-3b, developed from the poster presentation at the 

28th International Sustainable Development Research Society Conference, Stockholm, 15-17 June 2022 

 

 

Figure 2. Annual major material flows (in tonnes) and energy flows (in MWh) used in Östersund city. 

A distinction is made between local production or treatment, and the import or export from and to 

outside of the municipality.  
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Figure 3. The distribution of the total water usage in the city of Östersund among different users.              

* Includes construction, services, maintenance of water plants and losses in the distribution network. 

ii. Biomass 

As can be seen in Figure 2 biomass is both produced within the municipality and imported from outside 

the municipality, to meet the consumption levels. In Figure 4, the biomass production is specified to 

different industries and products. A majority of the biomass can be attributed to wood production, while 

a smaller share comes from agriculture. In Figure 5, the different uses of the wood are specified. More 

than 40% is used to saw into timber for building while 34% is used to make pulp to produce paper 

products.  

58%

3%

6%

33%

Household Agriculture
Industry Other uses*
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Figure 4. Yearly biomass production for consumption in the municipality of Östersund by industry and 

product, in tonnes 

 

Figure 5. Division of net fellings (solid volume) from forestry by type of wood usage. 

 

 

50,3%42,1%

7,7%

Sawlogs Pulpwood Fuelwood, stemwood or roundwood
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iii. Fuel 

About  35 thousand tonnes of fossil fuel are imported into Östersund city every year, as can be seen in 

Figure 2. This non-renewable fuel is coming mainly from petrol, diesel and fuel oil. From the non-

renewable fuel, 29% comes from petrol while 71% comes from diesel or fuel oil.  On top of this, around 

1,7 thousand tonnes of renewable fuel is imported, representing less than 5% of the total fuel import. 

This is mostly coming from ethanol and HVO. Most of the fuel use, both renewable and non-renewable 

can be attributed to road transport. 

iv. Energy 

The distinction between the energy use in different sectors and different sources of energy is made in 

Figure 6. It shows how energy use in Östersund is dominated by renewable sources, since district 

heating and electricity are also mostly renewable, except when it comes to the transport sector, which 

relies heavily on non-renewable fuels. Most energy use happens in the housing and transport sectors.  

 

Figure 6. Energy use in the city of Östersund per sector and energy source in 2019, in GWh. 

v. Emissions 

The largest air emission by weight in the metabolism of Östersund is that of CO2. This is the flow 

represented in Figure 2. Around 94 thousand tonnes of it is released every year. A large majority comes 

from the transport sector. Other kinds of emissions are nitrogen oxides (NOx), ammonia (NH3), 

particulate matter smaller than 2,5 micrometers (PM 2,5) and non-methane volatile organic compounds 

(NMVOC) of which 474 tonnes, 140 tonnes, 83 tonnes and 0,6 tonnes were emitted. Combined, these 

other emissions make up less than one percent of the total emissions by weight. 
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vi. Solid waste 

The total solid waste was estimated to be 719 thousand tonnes. This includes waste types like mining 

waste which makes up about 75% percent of the total weight. When excluded, the solid waste output is 

estimated to be 182 thousand tonnes. Of this, 22 thousand tonnes is estimated to be collected municipal 

household waste that is further divided into different categories as can be seen in Figure 7.  

 

Figure 7. Division of collected municipal household waste in the city of Östersund by type of waste. 

 

 

vii. Wastewater 

The annual mean wastewater flow was reported to be around 6,9 million tonnes, as can be seen in Figure 

2. On a daily basis, this was reported at over 19 thousand tonnes of wastewater flowing in and out of 

the main waste water treatment plant in Östersund. 

 

viii. The metabolism of a sustainable city 

To make the metabolism of Östersund sustainable, the principles presented in Figure 8 can serve as a 

good example. 
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Figure 8. Making cities sustainable is about using materials at a rate that allows the surroundings to 

replenish them. They should also be able to handle the city’s waste so that it does not accumulate and 

pollutes. In that way, adjusting or re-using flows can improve a city’s sustainability and research on 

urban metabolism can point out where these changes are needed. Based on the Natural Step model 

(Robèrt et al., 2012). 

 

4. Conclusions 

The literature review reveals that the further research of the urban metabolism of Östersund can take 

many routes. So far, the first steps of the so-called MEFA approach have been taken, but methods 

focused on the spatial, ecological, social, and political aspects of urban metabolism can still be added 

to enhance the analysis. 

The material and energy flow analysis is a useful tool to better understand the major flows needed to 

maintain the city in its current state. This study starts to reveal the major flows of that type. The literature 

review shows that it can be used as the bigger picture, to which the part solutions of sustainability, 

policies, and development must relate, i.e. the impact of suggested circular flows, urban planning 

initiatives, or sustainable development policies and suggestions in general. Together, the large-scale 

assessment and the small-scale solutions can create a meaningful picture. 
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