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1 Introduction 

As a project concerned with the varied ways social and ecological processes interact in urban areas, VIVA 
PLAN seeks to foster lively discussion around concepts with inter-connective, cross-modal, and integrative 
analytical potentials. "Urban metabolism" is one such concept, as its numerous disciplinary uptakes - in 
fields as disparate as environmental engineering, human geography, human ecology, urban pollution 
management -- suggest. This short literature review piece introduces some of the salient discussion points 
that have gathered around the concept over the last 30 years. While not comprehensive, it nevertheless 
provides some insight into urban metabolism's applicability to questions of sustainability, well-being, and 
green space planning.      
 
The concept of "metabolism" emerged in the late nineteenth century as a means of describing the 
e chan e o   a er  et een an or anis  an  its en iron ent   ischer- o als i     ttler 1998; Foster 
1999, 2000). Marx (1976) famously used metabolism in Capital to describe the material exchanges and 
interdependent relationships between humanity and nature -- exchanges which occurred, he argued, 

through the labour process. In this reading, metabolism is: “a process between man and nature, a process 
by which man, through his own actions, mediates, regulates and controls the metabolism between himself 
and nature” (quoted in Foster 1999: 380). Since this time, the concept has experienced many shifts and 
renovations, with uptakes ranging from sociology to industrial engineering (e.g. Wolman 1965). Over the 
past two decades, there has been pronounced interest in the notion of "urban metabolism" -- a fact owing, 
no doubt, to the position of cities as the dominant form of human habitat in the 21st century (UNPP, 2018). 
"Urban metabolism" is now a leading research approach which retains earlier interests in energetic changes 
but situates the engagement in the study of urban-ecological form and the urbanization process (Gandy 
2005; Wachsmuth 2012; Cousins and Newell 2015; Kennedy et al. 2011; 2014; Zhang 2017; 2019). This 
short review will consider some of the dominant approaches presently being utilized in "urban metabolism" 
and chart some possibilities for future work.  
 
Contemporary work employing the concept of urban metabolism tends to separate into two broad schools 
of engagement: 1. a biophysical sciences engagement, ranging across the engineering and sustainability 
sciences, which seeks to quantify the amounts of materials and energy that flow through a city and its 
environs; 2. a "critical" social sciences engagement, drawing from geography, sociology and political 
economy, which looks at the contested ways flows of energy and matter shape the urbanization process 
(historically and in present day). Each school has different merits and blind-spots, and one major purpose of 
this review is to outline what their rapprochement might do for mixed-method, multi-scalar accounts of 
urban biophysical change today. 

2 The biophysical sciences approach 

The biophysical sciences approach to metabolism begins at the midpoint of the 20th century, in the 
systems ecology pioneered by Eugene Odum (1963). For Odom, metabolism could be deployed to 
revolutionize the very idea of ecology, specifically by refocusing its study away from natural history and 
toward the dynamic details of bio-physical ("metabolic") interactions between species and material 
environments.  Since then, urban metabolism has developed into a broad menu of approaches in ecological 
economics, systems ecology, and sustainability sciences (Kennedy et al, 2007; Djist et al, 2018; Zhang 2013). 

All of these share the general agreement that urban metabolism represents “the sum total of the technical 
and socioeconomic processes that occur in cities, resulting in growth, production of energy, and elimination 
of waste” (Kennedy et al. 2007, 44). A distinguishing feature of this approach is the conviction regarding the 
utility of metrics, and the quantifiability of "stocks and flows": if naturally occurring systems are cyclical and 
efficient in their use of materials and energy, urban systems tend to be increasingly linear and wasteful, 
consuming and expending resources at an even higher rate (Dunn & Steinemann, 1998). The desired 
condition of "circular metabolism" forms the basis of Stockholm's Hammarby Sjöstedurban district redesign 
(City of Stockholm 2007) -- routinely cited as an exemplar in sustainable urban development. Industrial 
ecology-focused studies of urban metabolism, meanwhile, have led the way in seeking to improve 
metabolic efficiencies -- a process sometimes referred to as "dematerialisation" (Dunn & Steinemann 1998; 
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see also: Bai 2007; Kennedy et al. 2007; Schulz 2007). Approaches grounded in complex systems theory also 
question the focus on circularity (Girardet 2008; Newman & Jennings 2008). In place of "cradle to cradle" 
ideals, they argue the goal should be to achieve greater metabolic resilience in light of growing and 
inevitable internal and external shocks on urban spaces (e.g. climate change; desertification, etc.) (Alberti 
2009; cf. Dawson 2014).  
 
More recently, scholars in this broad set of fields have pursued an approach known as Urban Metabolism 
Analysis (UMA), which has proven particularly impactful as a quantification tool in urban sustainability 
policy (Dijst et al., 2018; Kennedy et al., 2011; Conke and Ferriera 2015; Dor and Kissinger 2017; Stossel et 
al. 2017). UMA studies quantify "inflows" (e.g. water, construction materials, fossil fuels, electricity etc.), 
"production" (e.g. food, wood, etc.), "stocks" (e.g. available minerals, nutrients) and "outflows" (air 
emissions, wastewater) to provide comprehensive diagrams of evolving urban transformations (visual tools 
are key here). One touted benefit of UMA is its use of standardized metrics (e.g. inflow) to construct 
comparative inferences across different cities and locations (Conke and Ferriera 2015), leading to improved 
capacities for effective policy transfer. Similarly, noted ecological economist Herman Daly views distinct 

urban economies as linear metabolic processes: “ordered system[s] for transforming low-entropy raw 
materials and energy into high entropy waste and unavailable energy” (Daly and Farley 2004, p.70). Despite 
the premise of comparability, it should be noted that most of the approaches noted draw on information 
about national economies (e.g. Input/Output tables) and in terms of what they offer in statistics and 
indicators of urban metabolism (Djist et al. 2018). 
 
By accounting for the metabolic exchanges of specific sectors and activities within urban spaces, 
researchers in the biophysical school have identified major inefficiencies and potential points of 
intervention for reducing negative environmental impacts -- including wastewater, consumer goods, 
industrial materials, etc. (e.g., Kennedy et al., 2010, 2014; Lenzen et al., 2003; Hendriks et al., 2000). If for 
many scholars urban metabolism studies can be a tool for identifying environmental problems and 
designing more efficient urban planning policies (Barles 2009; Niza et al. 2009), some warn that such 
studies do not result in an analysis deep enough to form the basis for effective urban policy and planning 
 e     ischer- o als i     ttler 1998) and are best viewed as theoretical advancements. Support for this 
concern can be drawn from the fact that these studies generally pay little attention to political changes, 
positing "nature" as a static and generally uncontested concept (Keil 2005). If urban metabolisms are now 
exhibiting increasingly unsustainable amounts of waste and pollution, then surely their relation to the 
underlying (un)sustainability of the urban economic system deserves more consideration (Foster 1999).  
Over the last 15 years, a second theoretical school has arisen to assert that matters of politics, social power 
and capitalism must be fundamental to how "urban metabolism" is conceived and studied.   

3 The “critical social sciences" approach  

The fundamental distinguishing factor of the "critical social sciences" approach to urban metabolism is its 
concern with the sociological aspects of urban ecology. Urban metabolisms are understood here as the 
outcomes of highly political processes, produced and inflected by history, decision-making, and class-

struggle (Zimmer 2010). Accordingly, metabolic processes emerge as rich windows into peoples ’drives, 
desires and complex relationships with nature (Swyngedouw and Kaika 2000; Swyngedow 2006), revealing 
the changing ways urban natures are imagined, felt and circulated. Different "stocks and flows" -- water 
(Swyngedouw 2006), fat (Marvin and Medd 2006), alcohol (Lawhon 2013), processes of urban greening 
(Heynen et al. 2006) -- are not simply "inputs and outputs," but constituent parts of uneven "socio-
environmental metabolisms" (Swyngedouw 2006). Compelling work in this area has exposed the role of 
infrastructure in creating and reproducing inequality in urban areas, specifically through its capacity to 
privilege certain metabolic flows over others (Bakker 2003b; Kooy & Bakker 2008; Coutard 2008). For this 

more political economy-focused engagement, the biophysical model “fails to theorise the process of 
urbanization as a social process of transforming and reconfiguring nature” (Swyngedouw 2006, 35).  It is 
overly functional and dualistic; based on the ontological construction of nature as a "supply source" distinct 
from society (Wachsmuth 2012; Newell and Cousins 2014). Indeed, as many critical social scientists 
emphasize, knowledge of metabolic inflows and outflows is of little social and political value unless we 
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know how particular processes -- carbon consumption, agriculture, infrastructure provision -- routinely 
underlie their uneven outcomes (Clark and York 2005; Minx et al. 2011).  
 
The critical social scientific approach holds essentially normative interests in urban space.  By positing 
urban metabolism as a contestable and contingently formed set of socio- environmental interactions, it 
aims to open up opportunity to re-signify resource flows as social relations that could develop otherwise 
(Bakker 2003ab; Kooy & Bakker 2008; Masjuan et al. 2008; Newell and Cousins 2015). McClintock (2010) 
suggests that the rise of urban agriculture is both an outcome of an alienating urban metabolism and an 
attempt to ameliorate its condition by reconnecting urbanites with food production. Barles (2007) has 
examined urban metabolism historically, noting how specifically bourgeois appraisals of the River Seine 
were formed in 19th century Paris. Meanwhile, different sets of normative concerns have developed 
around the scalar aspects of metabolism. Martinez-Alier et al. (2010) suggest that the increasing number of 
ecological conflicts on so-called "commodity frontiers," usually located far from cities, should be properly 
understood as urban issues, insofar as they describe unequal exchanges in the metabolism of cities.  From 
some in this field, the environmental justice movement is itself a reaction to the environmentally damaging 
and spatially uneven elements of the urban metabolism, including the proximity of "outflows" to poor, 
minority-dominated communities (Goodling, in print).    
 
The critical social science approach attempts to move dualistic conceptions of society and nature toward an 
understanding of the city as a process of metabolically transformed nature, even a socio-natural "hybrid" or 
machine-organism "cyborg" (Kaika & Swyngedouw 2000, Gandy 2005).  But where exactly does nature 
enter into its conception of urbanization? The answer is unclear. As Newell and Cousins note (2015: 704), 

there is an absence of ‘ecology ’in much of the urban political ecology engagement -- to name one 
prominent uptake here (e.g. Heynen et al. 2006). Political economic uptakes of urban metabolism can 
likewise be accused of instrumentalizing socio-ecological processes from the perspective of pre-set political 
visions (cf. Djist et al. 2018). Notable too is a limiting embrace of qualitative methods; although some work 
in this tradition engages quantitative approaches (e.g. Heynen et al., 2006; Buzzelli, 2008; Cousins and 
Newell, 2015), these studies are in the minority (compare with: Kooy and Bakker, 2008; Grove, 2009; Ioris, 
2012; Lawhon, 2013). The issue becomes more acute when understood in the context of emerging interest 
in "multi-scalar" urban processes (UNPP 2018). As recently as 2019, Kissinger et al. (1078) noted that, "to 
the best of our knowledge no metabolism study has yet attempted to quantify and locate resources and 
waste flows to and from a city, on the local, regional and global levels."  

4 Key epistemological differences 

Key epistemological differences shape the research questions, methods, and verification tactics employed 
by the biophysical and critical social science approaches. But there is no reason why there can not be 
tighter integration. New applications in remote sensing and "Critical GIS" are promising here (Li and Kwan 
2018; see also: Zhang 2019), having demonstrated how to integrate values into data generation schemes. 
Multi-scalar, mixed methods approaches to urban metabolism, meanwhile, can highlight both the 
significant reliance of cities on materials originating from very different parts of the world (Djist et al. 2018), 
as well as the changing meanings, natures, and social histories they carry across spaces.  Future work might 
ask how key tools, such UMA's capacity to enumerate the contributions cities make (or fail to make) to 
sustainable development goals (Hoornweg et al., 2012) might be reworked to permit a greater accounting 
of shifting intra-urban distributions of power and inequality. At its most auspicious, a comprehensive and 
multi-scalar approach to urban metabolism would demand varied data sources and aptitudes, and as such 
encourage new forms of inter-disciplinarity and skills-sharing. Urban metabolism might then offer the 
potential to bring together multiple disciplines around a shared and recognizable concept, while allowing 
its central metaphor of human-environmental exchange to grow in import and perspicacity.   

5 Core gaps in knowledge and future directions for VIVA-PLAN 

- A mixed methods approach to environmental justice indicators: how do differences in power over 

the control of urban metabolic flows reflect, relate, or challenge findings that low-income 

neighborhoods tend to be located in areas with higher exposure to human-made and natural 
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hazard risks (e.g. Goodling 2020)? What tools and models are necessary to explore these 

indicators?  

- Refinement in the selection of scale for comparative studies of urban metabolism: to what extent 

do so-called World Cities (e.g. Berlin) and regional cities (e.g. Malmö) demand different scales of 

analysis in the assessment of basic processes, such as ecosystem health, carrying capacity, and the 

local assessment of social and ecological values (see: Djist et al. 2018). Do observed mismatches 

between reported low social values and reported high ecological values across sites reveal different 

scalar configurations in key metabolic flows and the socio-cultural meanings attached to those 

flows?  

- Urban metabolism of residential consumption and socio-ecological inventory: While ecological 

footprint analysis has been successfully paired with urban metabolism to deliberate on socio-

spatially uneven urban residential flows (Moore et al. 2013), socio-ecological inventory analysis 

(SEI) has not. How might SEI's concern with systematically mapping actors, values, motives, 

activities, and experiences pair with a "critical" urban metabolism geared at highlighting the specific 

flows that bear the brunt of producing uneven local outcomes -- and specifically at local residential 

scales where policy changes might be easier to implement?   
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