
	  
	  

	  

	  

	  

	  

	  

	  

Interdisciplinary	  Perspectives	  on	  Urban	  
Metabolism	  

A	  review	  of	  the	  literature	  

UCL	  Environmental	  Institute	  Working	  Paper	  

	  

by	  Elizabeth	  Rapoport	  

	  

	  

	  

27	  October,	  2011	  

Development	  Planning	  Unit,	  UCL



	  
	  

CONTENTS	  

Forward .................................................................................................................................................................. i	  
Executive	  Summary ..........................................................................................................................................1	  
Introduction .........................................................................................................................................................5	  
Urban	  metabolism:	  intellectual	  antecedents .........................................................................................7	  
Disciplinary	  and	  interdisciplinary	  debates	  in	  urban	  metabolism............................................. 10	  

The	  city	  as	  an	  ecosystem ................................



	  
i	  

FORWARD 
This	  paper	  was	  commissioned	  as	  part	  of	  a	  projectinvestigating	  the	  current	  state	  of	  

research	  on	  urban	  metabolism	  at	  University	  College	  London	  (UCL)	  led	  by	  Vanesa	  

CastánBroto	  and	  Adriana	  Allen	  of	  UCL’s	  Development	  Planning	  Unit.	  The	  project	  was	  

made	  possible	  by	  the	  support	  of	  the	  UCL	  Environment	  Institute,	  which	  provided	  a	  grant	  

funding	  the	  development	  of	  both	  this	  review	  and	  a	  series	  of	  filmed	  interviews	  with	  UCL	  

scholars	  working	  on	  issues	  related	  to	  urban	  metabolism.	  Thestarting	  point	  for	  this	  

paper	  was	  an	  exploratory	  literature	  review	  prepared	  by	  the	  project	  initiators,	  which	  

laid	  out	  the	  need	  for	  an	  interdisciplinary	  review	  of	  the	  literature	  on	  urban	  metabolism	  



	  
1	  

EXECUTIVE	  SUMMARY	  

Introduction	  

In	  recent	  years	  the	  concept	  of	  urban	  metabolism	  has	  increasingly	  been	  employed	  in	  a	  

diverse	  range	  of	  disciplines	  as	  a	  means	  to	  analyse	  and	  theorise	  the	  city.	  This	  paper	  

raises	  a	  number	  of	  questions	  about	  urban	  metabolism,	  its	  impact	  on	  urban	  scholarship,	  

and	  how	  the	  concept	  is	  affecting	  understandings	  of	  the	  way	  in	  which	  environmental,	  

social	  and	  economic	  factors	  interact	  to	  shape	  urban	  phenomena.	  To	  explore	  these	  

issues,	  the	  paper	  reviews	  interpretations	  ofand	  current	  debates	  around	  urban	  

metabolism	  in	  five	  disciplines:	  industrial	  ecology,	  urban	  ecology,	  ecological	  economics,	  

political	  ecology	  and	  political	  geography.	  

Urban	  metabolism:	  intellectual	  antecedents	  

Contemporary	  work	  employing	  the	  concept	  of	  urban	  metabolism	  tends	  to	  draw	  on	  

either	  political	  economy	  orthe	  bio-‐physical	  sciences,	  as	  well	  as	  on	  various	  branches	  of	  

systems	  theory	  and	  the	  principles	  of	  thermodynamics.	  Marx	  used	  the	  concept	  of	  

metabolism	  in	  !"#$%"&	  to	  describe	  the	  material	  exchanges	  and	  interdependent	  

relationship	  between	  human	  society	  and	  nature,	  an	  approach	  which	  has	  recently	  been	  

revised	  by	  political	  geographers	  and	  political	  ecologists.	  The	  biological	  concept	  of	  

metabolism	  as	  the	  exchange	  of	  matter	  between	  an	  organism	  and	  its	  environment,	  as	  
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governance	  of	  urban	  flows,	  the	  plans	  and	  visions	  of	  those	  who	  develop	  and	  manage	  

urban	  networks	  and	  the	  flows	  through	  them	  may	  be	  challenged	  or	  subverted	  by	  the	  

daily	  practices	  of	  individuals	  and	  groups	  (Bulkeley	  et	  al.	  2011).	  For	  this	  reason,	  to	  

understand	  the	  way	  in	  which	  urban	  resource	  flows	  and	  the	  networks	  that	  facilitate	  

them	  are	  actually	  governed	  requires	  examining	  daily	  practice	  and	  local	  political	  

economies	  (Bulkeley	  et	  al.	  2010,	  Monstadt	  2007).	  

Conclusion	  

The	  concept	  of	  urban	  metabolismcan	  
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disciplinary	  debates	  around	  the	  concept	  in	  five	  disciplines:	  industrial	  ecology,	  urban	  

ecology,	  e
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research	  in	  urban	  metabolism	  and	  the	  extent	  of	  engagement	  across	  disciplines	  

occurring	  around	  this	  concept.	  

URBAN	  METABOLISM:	  INTELLECTUAL	  ANTECEDENTS	  

The	  concept	  of	  metabolism	  emerged	  in	  the	  nineteenth	  century	  as	  a	  way	  of	  describing	  

the	  exchange	  of	  matter	  between	  an	  organism	  and	  its	  environment,	  such	  that	  occurring	  

in	  the	  process	  of	  respiration(Fischer-‐Kowalski	  &	  Hüttler	  1998;	  Foster	  1999).	  In	  

contemporary	  biology,	  metabolism	  is	  used	  to	  describe	  a	  process	  that	  occurs	  in	  

individual	  cells	  and	  organisms.This	  fairly	  straightforward	  biological	  concept	  has,	  almost	  

since	  its	  genesis,	  been	  extended	  to	  apply	  to	  processes	  broader	  than	  the	  interactions	  

between	  individual	  cells	  or	  organisms	  and	  their	  environment.	  The	  idea	  of	  a	  specifically	  

urban	  metabolism	  is	  used	  to	  describea	  variety	  of	  processes,	  including	  the	  interactions	  

between	  organisms	  (usually	  humans)	  and	  their	  surrounding	  ecosystem,	  the	  interaction	  

between	  an	  urban	  area	  and	  its	  hinterlands,	  and	  the	  way	  in	  which	  social	  and	  ecological	  

processes	  interact	  to	  produce	  urban	  environments.
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late	  1990s.	  The	  work	  on	  urban	  metabolism	  developed	  since	  this	  re-‐emergence	  is	  the	  

focus	  of	  the	  remainder	  of	  this	  paper.	  

DISCIPLINARY	  AND	  INTERDISCIPLINARY	  DEBATES	  IN	  URBAN	  METABOLISM	  

The	  city	  as	  an	  ecosystem	  

The	  idea	  of	  the	  city	  itself	  as	  an	  ecosystem	  in	  the	  biological	  sense	  is	  applied	  most	  literally	  

in	  the	  field	  of	  urban	  ecology,	  which	  sees	  the	  city	  as	  both	  a	  ‘system’	  and	  a	  ‘natural’	  

entity(Marcotullio	  &	  Boyle	  2003).	  Grimm	  et	  al	  (2000)	  make	  a	  crucial	  distinction	  

between	  two	  approaches	  to	  urban	  ecology:	  ‘ecology	  in	  cities’	  versus	  ‘ecology	  of	  cities.’	  

The	  formerare	  largely	  scientific	  studies	  of	  the	  way	  in	  which	  ecological	  patterns	  and	  
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Alberti	  and	  her	  colleagues	  at	  the	  University	  of	  Washington’s	  Urban	  Ecology	  programme,	  

for	  instance,	  have	  done	  extensive	  work	  on	  developing	  a	  model	  that	  links	  the	  biophysical	  

impacts	  of	  human-‐induced	  environmental	  stresses	  to	  various	  types	  of	  land	  use,	  human	  



	   13	  

processes	  that	  occur	  in	  cities,	  resulting	  in	  growth,	  production	  of	  energy,	  and	  elimination	  

of	  waste”	  (Kennedy	  et	  al.	  2007,	  p.44).Studies	  of	  urban	  metabolism	  done	  in	  the	  industrial	  

ecology	  tradition	  generally	  take	  a	  largely	  quantitative	  approach,	  focusing	  on	  quantifying	  
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Most	  studies	  of	  urban	  material	  and	  energy	  flows	  encourage	  the	  use	  of	  urban	  

metabolism	  as	  a	  foundation	  for	  urban	  policy,	  and	  will	  typically	  conclude	  with	  a	  list	  of	  

policy	  recommendations(Baccini	  1997;	  Barles	  2009;	  Codoban	  &	  Kennedy	  2008;	  

Kennedy	  et	  al.	  2007;	  Niza	  et	  al.	  2009).	  Many	  scholars	  also	  claim	  that	  urban	  metabolism	  

studies	  can	  be	  tools	  both	  for	  identifying	  environmental	  problems	  and	  designing	  more	  

efficient	  urban	  planning	  policies	  (Baccini	  1997;	  Barles	  2009;	  Niza	  et	  al.	  2009).Codoban&	  

Kennedy	  (2008),	  in	  their	  study	  of	  metabolism	  at	  the	  neighbourhood	  scale	  in	  Toronto,	  

attempt	  to	  link	  the	  design	  characteristics	  of	  different	  types	  of	  neighbourhoods	  with	  

metabolic	  flows.	  When	  material	  flow	  analyses	  are	  linked	  to	  policy	  recommendations,	  

they	  usually	  advocate	  market-‐led	  solutions,	  such	  as	  removing	  subsidies,	  taxing	  resource	  

consumption	  rather	  than	  labour,	  rather	  than	  tradition	  command	  and	  control	  

environmental	  regulation	  (Fisher-‐Kowalski	  &Hüttler	  1999).	  This	  can	  be	  related	  to	  the	  

nature	  of	  the	  cities	  being	  studied,	  most	  of	  which	  are	  advanced	  service	  oriented	  societies	  

in	  which	  consumers,	  rather	  than	  producers,	  are	  the	  primary	  source	  of	  

emissions
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Niza	  et	  al.	  (2009),	  for	  instance,	  describe	  urban	  metabolism	  as	  the	  process	  by	  which	  

resources	  are	  extracted	  from	  the	  natural	  environment,	  converted	  into	  inputs	  into	  the	  

economic	  system	  and	  transformed	  into	  products	  and	  material	  and	  energy	  flows	  which	  

cause	  environmental	  damage.	  	  

One	  approach	  to	  explaining	  the	  underlying	  drivers	  of	  this	  link	  between	  economic	  

growth	  and	  environmental	  degradation	  is	  to	  revive	  Marx’s	  idea	  of	  metabolic	  rift.	  For	  

Foster	  (1999),	  the	  concept	  captures	  the	  way	  in	  which,	  under	  capitalism,	  humans	  have	  

become	  estranged	  from	  the	  natural	  conditions	  of	  their	  existence.	  The	  metabolic	  rift	  

between	  humans	  and	  soil	  created	  by	  capitalist	  agriculture	  makes	  human	  society	  under	  

capitalism	  fundamentally	  unsustainable.	  Moore	  (2000),	  synthesising	  Marxist	  and	  world-‐

systems	  theory,	  expands	  on	  Marx’s	  original	  theory.	  He	  argues	  that	  throughout	  history,	  

world	  ecology	  has	  been	  repeatedly	  reorganised	  in	  order	  to	  deal	  with	  the	  rising	  costs	  of	  

ecological	  exploitation	  that	  result	  from	  capitalist	  expansion.	  At	  each	  phase	  of	  world	  

capitalist	  development,	  Moore	  argues,	  a	  metabolic	  rift	  has	  occurred.Following	  each	  rift,	  

world	  ecology	  is	  reorganised,	  technically	  but	  also	  geographically,	  physically	  expanding	  

the	  world	  economy.	  These	  reorganisations	  exist	  in	  a	  dialectical	  relationship	  with	  global	  

capitalist	  development.	  Over	  time,	  the	  metabolic	  rift	  between	  town	  and	  country,	  and	  

between	  countries,	  has	  widened	  and	  deepened.	  	  

There	  are	  a	  number	  of	  different	  theories	  about	  how	  best	  to	  optimize	  economy	  –	  

environment	  relations.	  As	  discussed	  above,	  in	  most	  industrial	  ecology-‐
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consistent	  level	  of	  throughput.	  Such	  an	  economy	  will	  be	  sustainable	  as	  it	  will	  not	  erode	  

environmental	  carrying	  capacity,	  and	  technological	  progress	  will	  increase	  the	  ratio	  of	  

GDP	  per	  unit	  of	  throughput	  (Czech	  &	  Daly	  2004;	  Daly	  1992).Achieving	  this,	  Jackson	  

(2009)	  argues,	  will	  require	  a	  new	  macroeconomic	  model	  for	  achieving	  economic	  

stability	  without	  growth	  in	  consumption.	  

A	  similarapproach	  to	  addressing	  the	  link	  between	  economic	  growth	  and	  resource	  

consumption	  is	  the	  theory	  of	  de-‐growth.Sustainable	  de-‐growth	  has	  been	  defined	  as	  “an	  

equitable	  downscaling	  of	  production	  and	  consumption	  that	  increases	  human	  wellbeing	  

and	  enhances	  ecological	  conditions	  at	  the	  local	  and	  global	  level,	  in	  the	  short	  and	  long	  

term”	  (Schneider	  et	  al	  2010,	  p.512).	  De-‐growth	  goes	  beyond	  just	  efficiency	  

improvements	  to	  limiting	  the	  scale	  of	  production	  and	  consumption.	  How	  much	  to	  

downsize	  in	  order	  to	  achieve	  sustainability,	  and	  what	  might	  be	  the	  optimal	  scale	  for	  the	  

economy	  are	  subjects	  of	  debate	  among	  de-‐growth	  advocates(Martínez	  Alier,	  Pascual,	  et	  

al.	  2010).	  The	  idea	  of	  de-‐growth	  has	  also	  been	  taken	  in	  disparate	  directions	  by	  

ecological	  economists	  and	  social	  activists(Martínez	  Alier,	  Pascual,	  et	  al.	  2010).	  From	  the	  
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increasingly	  the	  focus	  of	  scholars	  working	  in	  political	  geography	  and	  political	  ecology.	  

The	  following	  sections	  turn	  to	  these	  critiques.	  

Resignifying	  the	  city:	  urban	  metabolism	  and	  social,	  technical	  and	  ecological	  
relationships	  

In	  recent	  years,	  the	  way	  in	  which	  the	  metabolism	  concept	  is	  employed	  by	  urban	  and	  

industrial	  ecologists	  has	  beenchallenged	  by	  a	  growing	  cohort	  of	  scholars	  working	  across	  

political	  geography	  and	  political	  ecology.	  This	  emerging	  body	  of	  literature	  builds	  on	  

critiques	  of	  dualistic	  conceptions	  of	  the	  relationship	  between	  society	  and	  nature	  

(Harvey	  1996;	  Smith	  1984;	  Latour	  2005;	  Castree	  1995).	  Urban	  and	  industrial	  ecology,	  it	  

is	  argued,	  uncritically	  present	  urban	  metabolism	  as	  a	  process	  of	  biophysical	  exchange,	  

unrelated	  to	  social	  and	  historical	  context	  (Gandy	  2004;	  Swyngedouw	  2006;	  Monstadt	  

2009).	  Such	  a	  perspective	  “fails	  to	  theorise	  the	  process	  of	  urbanization	  as	  a	  social	  

process	  of	  transforming	  and	  reconfiguring	  nature”	  (Swyngedouw	  2006,	  p.35).	  This	  

critique	  also	  notes	  that	  traditional	  (material	  and	  energy	  flow)	  metabolism	  studies	  pay	  

little	  attention	  to	  political	  changes,	  see	  nature	  as	  static,	  and	  make	  no	  fundamental	  

critique	  of	  the	  underlying	  capitalist	  economy(Keil	  2005).They	  de-‐politicise	  the	  urban	  

sphere,	  naturalising	  urban	  processes	  “so	  that	  urbanisation	  is	  no	  longer	  conceived	  as	  the	  

outcome	  of	  historical	  change	  but	  rather	  as	  a	  cyclical	  dynamic	  alterable	  through	  

technological	  modifications	  rather	  than	  by	  political	  contestation”	  (Gandy	  2006,	  p.64).	  

Even	  in	  the	  work	  of	  those	  who	  try	  to	  integrate	  the	  impact	  of	  social	  factors	  in	  their	  

models,	  metabolism	  is	  still	  used	  to	  denote	  something	  purely	  material	  (Keil	  2005).From	  

this	  perspective,	  attempts	  to	  simply	  “extend”material	  and	  energy	  flow	  metabolism	  

models	  to	  include	  social	  and	  economic	  issues	  do	  not	  go	  far	  enough.	  

New	  conceptions	  of	  urban	  metabolismare	  emerging	  from	  these	  more	  critical	  

approaches	  which	  seeit	  as	  consisting	  of	  more	  than	  just	  material	  cycles.	  Building	  on	  

Marx’s	  conception	  of	  metabolism	  as	  a	  metaphor	  to	  analyse	  human-‐nature	  relationships,	  
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way	  in	  which	  social	  and	  environmental	  factors	  interrelate	  to	  shape	  urban	  metabolisms,	  

as	  well	  as	  the	  political	  nature	  of	  these	  metabolisms,	  this	  more	  critical	  approach	  

challenges	  the	  portrayal	  of	  the	  modern	  city	  as	  a	  static	  and	  self-‐regulating	  system(Gandy	  
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machine	  and	  organism.	  In	  an	  urban	  context,	  the	  idea	  of	  the	  cyborgemphasises	  the	  

interface	  between	  the	  body	  and	  the	  city,	  in	  particular	  the	  physical	  infrastructure	  which	  

“links	  the	  human	  body	  to	  vast	  technological	  networks”	  (Gandy	  2005,	  p.28).However	  

Swyngedouw	  (2006)	  has	  proposed	  that	  the	  concepts	  of	  both	  hybrids	  and	  cyborgs	  may	  

lead	  to	  reproducing	  the	  binary	  representation	  of	  the	  world	  that	  comes	  from	  a	  society-‐

nature	  dualism,	  as	  they	  suggest	  the	  mixing	  of	  two	  ontologically	  distinguishable	  things.	  
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dissipated	  by	  industry	  today,	  the	  more	  new	  resources	  it	  will	  be	  able	  to	  purchase	  

tomorrow”	  (Hornborg	  1998,	  p.133).	  As	  both	  centres	  of	  capital	  accumulation	  and	  

dissipative	  structures,	  urban	  areas	  will	  have	  an	  ever-‐increasing	  demand	  for	  resources	  

from	  the	  periphery,	  creating	  structural	  inequality	  between	  the	  core	  and	  the	  periphery	  

in	  the	  world	  system.	  	  

While	  for	  Hornborg	  urban	  metabolisms	  are	  of	  interest	  because	  ofthe	  way	  they	  impact	  

broader	  global	  systems,	  Martinez	  Alier	  et	  al	  (2010)	  build	  on	  world	  systems	  theory	  in	  a	  

slightly	  differe Iv v v Ivvv	  
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social	  unrest	  and	  eroded	  democracy.	  This	  highlights	  the	  role	  of	  governance	  in	  shaping	  

urban	  metabolisms,	  the	  focus	  of	  the	  next	  section.	  	  

Governing	  urban	  flows	  

Closely	  related	  to	  debates	  on	  the	  impact	  of	  urban	  flows	  on	  inequality	  is	  the	  question	  of	  
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in	  developing	  countries	  are	  managed	  by	  a	  few	  large	  companies	  (Bakker	  2003b).	  The	  

facilitation	  role	  played	  by	  international	  finance	  organisations	  and	  national	  governments	  

is	  crucial	  to	  the	  functioning	  of	  the	  world	  water	  market.	  These	  processes	  of	  regulation	  

and	  marketisationcan	  be	  conceived	  in	  metabolic	  terms,	  with	  resource	  regulation	  “the	  

social	  negotiation	  of	  the	  metabolism	  of	  a	  dynamic	  resource	  landscape,”	  and	  

marketisation“the	  reregulation	  of	  the	  social	  metabolism	  of	  nature	  undertaken	  by	  the	  

state”	  (Bakker	  2003a,	  pp.49;	  52).	  

While	  elites	  and	  powerful	  institutions	  may	  dominate	  the	  governance	  of	  urban	  flows,	  the	  

plans	  and	  visions	  of	  those	  who	  develop	  and	  manage	  urban	  networks	  and	  the	  flows	  

through	  them	  may	  be	  challenged	  or	  subverted	  by	  the	  daily	  practices	  of	  individuals	  and	  

groups	  (Bulkeley	  et	  al.	  2011).	  For	  this	  reason,	  to	  understand	  the	  way	  in	  which	  urban	  

resource	  flows	  and	  the	  networks	  that	  facilitate	  them	  are	  actually	  governed	  requires	  

examining	  daily	  practice	  and	  local	  political	  economies	  (Bulkeley	  et	  al.	  2010,	  Monstadt	  

2007).	  For	  the	  urban	  poor	  in	  the	  global	  South,	  service	  provision	  often	  occurs	  through	  a	  

hybrid	  of	  more	  formal	  public,	  public-‐private	  and	  private	  arrangements	  (Allen	  et	  al.	  

2008).	  	  

CONCLUSION	  

The	  preceding	  discussion	  has	  demonstrated	  that	  the	  concept	  of	  urban	  metabolism	  can	  

be	  a	  productive	  and	  useful	  way	  of	  conceptualising	  the	  way	  in	  which	  urban	  areas	  
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substantial	  differencesin	  the	  extent	  to	  which	  these	  different	  perspectives	  travel	  from	  

theory	  into	  practice.	  Urban	  metabolism	  as	  it	  is	  understood	  in	  industrial	  and	  urban	  

ecology	  appears	  to	  have	  permeated	  urban	  planning	  and	  engineering	  practice	  most	  

successfully.	  This	  may	  be	  because	  of	  the	  relative	  ease	  with	  which	  core	  disciplinary	  

ideas,	  such	  as	  resource	  efficiency	  and	  closing	  material	  cycles,can	  be	  translated	  into	  

design	  interventions,	  and	  the	  fact	  that	  they	  can	  be	  applied	  on	  an	  incremental	  scale	  

through	  individual	  projects.	  Projects	  like	  HammarbySjöstad,	  for	  instance,	  attempt	  to	  

actually	  apply	  the	  idea	  that	  urban	  areas	  should	  mimic	  the	  perceived	  efficiency	  of	  natural	  

ecosystems.	  The	  practical	  implications	  of	  looking	  at	  urban	  metabolism	  from	  an	  

ecological	  economics	  perspective,	  on	  the	  other	  hand,	  are	  more	  likely	  to	  require	  a	  

broader	  social	  transition	  and	  hence	  significant	  social	  and	  political	  action—in	  this	  sense	  

LaTouche’s	  characterisation	  of	  de-‐growth	  as	  a	  social	  movement	  seems	  quite	  apt.	  Critical	  

understandings	  of	  urban	  metabolism	  also	  have	  yet	  to	  be	  translated	  into	  practice.	  This	  

may	  also	  be	  because	  they	  call	  attention	  to	  broader	  structural	  issues	  such	  as	  governance	  

and	  the	  role	  of	  institutions	  in	  perpetrating	  inequalities,	  issues	  which	  require	  wider	  

social	  action	  and	  reform.	  

The	  literature	  reviewed	  in	  this	  paper	  has	  demonstrated	  that	  urban	  metabolism	  

hassignificant	  cross-‐disciplinary	  appeal.	  Yet	  while	  there	  is	  some	  cross-‐disciplinary	  

engagement,	  in	  particular	  between	  the	  disciplines	  of	  ecological	  economics	  and	  political	  
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urban	  ecology	  processes	  are	  absorbed	  into	  practice,	  while	  a	  flow	  of	  knowledge	  in	  the	  

opposite	  direction	  could	  lead	  to	  an	  approach	  that	  better	  takes	  social	  and	  political	  factors	  

into	  account.	  Working	  across	  disciplines	  also	  offers	  the	  possibility	  of	  new	  insights,	  

increasing	  the	  significance	  of	  arich	  and	  rapidly	  evolving	  field	  of	  research	  onthe	  

metabolisms	  of	  urban	  areas.	  
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