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As	
  the	
  world	
  becomes	
  more	
  inter-­‐connected,	
  the	
  flows	
  of	
  people,	
  energy	
  and	
  
materials	
  around	
  the	
  globe	
  become	
  ever	
  greater,	
  leading	
  to	
  increased	
  efficiencies	
  
but	
  also	
  increased	
  risks.	
  	
  What	
  are	
  the	
  consequences	
  for	
  sustainability	
  of	
  the	
  
interconnections	
  that	
  are	
  being	
  made	
  between	
  energy,	
  land	
  use	
  and	
  water?	
  	
  
What	
  are	
  the	
  implications	
  of	
  increasing	
  migration	
  from	
  one	
  part	
  of	
  the	
  world	
  to	
  
another?	
  What	
  is	
  the	
  result	
  of	
  the	
  enhanced	
  availability	
  of	
  information	
  about	
  
energy	
  sources,	
  living	
  conditions,	
  and	
  production	
  possibilities	
  on	
  global	
  flows?	
  	
  
	
  
In	
  this	
  plenary,	
  experts	
  on	
  migration	
  policy,	
  energy	
  policy	
  and	
  the	
  flows	
  of	
  
natural	
  resources	
  will	
  discuss	
  the	
  benefits	
  and	
  dangers	
  we	
  face,	
  considering	
  
these	
  from	
  a	
  global	
  systems	
  perspective.	
  	
  All	
  the	
  speakers	
  will	
  be	
  using	
  their	
  
analyses	
  of	
  the	
  past	
  to	
  look	
  to	
  the	
  future,	
  identifying	
  the	
  policy	
  decisions	
  we	
  shall	
  
have	
  to	
  make.	
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Regional,	
  National	
  and	
  International	
  Governments	
  are	
  setting	
  increasingly	
  
stringent	
  targets	
  for	
  their	
  future	
  commitments	
  to	
  reducing	
  the	
  environmental	
  
impacts	
  of	
  their	
  economies,	
  particularly	
  impacts	
  related	
  to	
  global	
  warming.	
  	
  
However,	
  many	
  of	
  their	
  plans	
  to	
  meet	
  these	
  commitments	
  are	
  then	
  developed	
  
through	
  economic	
  models,	
  which	
  have	
  unbounded	
  optimism	
  about	
  the	
  potential	
  
of	
  technology	
  innovation	
  to	
  deliver	
  future	
  welfare	
  with	
  reduced	
  impact,	
  in	
  return	
  
for	
  sufficient	
  investment.	
  	
  This	
  somewhat	
  blind	
  economic	
  optimism	
  is	
  currently	
  
giving	
  high	
  prominence	
  to	
  carbon	
  sequestration	
  and	
  bioenergy,	
  and	
  in	
  recent	
  
times	
  has	
  assumed	
  very	
  optimistic	
  implementation	
  of	
  other	
  forms	
  of	
  renewable	
  
energy	
  generation,	
  of	
  energy	
  efficiency	
  measures	
  in	
  households	
  and	
  industry,	
  
and	
  of	
  more	
  abstract	
  concepts	
  such	
  as	
  ‘de-­‐materialisation’	
  or	
  ‘circular	
  economy.’	
  
This	
  optimism	
  is	
  based	
  on	
  particular	
  case	
  studies	
  in	
  which	
  rapid	
  innovation	
  
occurs	
  in	
  response	
  to	
  changed	
  incentives.	
  However,	
  ignoring	
  the	
  physical	
  limits	
  
of	
  energy	
  and	
  ore	
  conversion,	
  and	
  the	
  constraints	
  of	
  a	
  world	
  with	
  finite	
  land	
  area	
  
and	
  fresh	
  water	
  for	
  example,	
  may	
  lead	
  to	
  impossible	
  optimism	
  about	
  our	
  ability	
  
to	
  solve	
  in	
  the	
  future	
  the	
  consequences	
  of	
  today’s	
  energy	
  and	
  industrial	
  systems.	
  
	
  
To	
  create	
  a	
  balance	
  to	
  this	
  untested	
  optimism,	
  we	
  have	
  been	
  developing	
  a	
  series	
  
of	
  global	
  and	
  national	
  analysis	
  of	
  physical	
  resources.	
  Starting	
  from	
  global	
  flow	
  
analyses	
  of	
  the	
  flow	
  and	
  transformation	
  of	
  energy	
  and	
  the	
  bulk	
  materials,	
  we	
  are	
  
now	
  extending	
  our	
  work	
  to	
  natural	
  resources,	
  including	
  the	
  soil	
  system,	
  fresh	
  
water,	
  and	
  in	
  particular,	
  seeking	
  to	
  understand	
  the	
  coupling	
  between	
  different	
  
resource	
  stresses.	
  	
  This	
  talk,	
  will	
  introduce	
  some	
  of	
  our	
  analyses	
  of	
  individual	
  
resources,	
  and	
  then	
  demonstrate	
  and	
  discuss	
  our	
  on-­‐line	
  ‘ForeseerTM’	
  tool	
  for	
  
coupled	
  resource	
  pathway	
  analysis.	
  Recent	
  applications	
  of	
  this	
  tool	
  have	
  
considered	
  the	
  conflicts	
  between	
  energy	
  policy	
  and	
  the	
  three	
  red	
  lines	
  policy	
  on	
  
water	
  use	
  in	
  China,	
  and	
  the	
  realities	
  of	
  bioenergy	
  targets	
  within	
  current	
  UK	
  
energy	
  scenarios.	
  
	
  



Julian	
  Allwood	
  	
  

	
  
	
  
Julian	
  Allwood	
  is	
  Professor	
  of	
  Engineering	
  and	
  the	
  Environment	
  at	
  the	
  University	
  
of	
  Cambridge.	
  He	
  worked	
  for	
  10	
  years	
  for	
  Alcoa,	
  prior	
  to	
  developing	
  an	
  academic	
  
career,	
  initially	
  at	
  Imperial	
  College,	
  and	
  from	
  2000	
  in	
  Cambridge.	
  In	
  parallel	
  with	
  
developing	
  new	
  manufacturing	
  technologies	
  for	
  metals,	
  he	
  has	
  built	
  up	
  a	
  
research	
  group	
  looking	
  at	
  environmental	
  systems	
  and	
  production.	
  From	
  2009-­‐13	
  
he	
  held	
  an	
  EPSRC	
  Leadership	
  Fellowship,	
  to	
  explore	
  ‘material	
  efficiency’	
  as	
  a	
  
climate	
  mitigation	
  strategy	
  –	
  delivering	
  material	
  services	
  with	
  less	
  new	
  material.	
  
This	
  led	
  to	
  publication	
  in	
  2012	
  of	
  the	
  book	
  “Sustainable	
  Materials:	
  with	
  both	
  eyes	
  
open”	
  which	
  can	
  be	
  read	
  online	
  at	
  www.withbotheyesopen.com.	
  	
  
	
  
In	
  2013	
  he	
  became	
  director	
  of	
  the	
  UK	
  INDEMAND	
  Centre,	
  one	
  of	
  six	
  national	
  
centres	
  looking	
  at	
  energy	
  demand	
  reduction	
  in	
  the	
  UK,	
  with	
  a	
  focus	
  on	
  industry.	
  
He	
  also	
  leads	
  the	
  inter-­‐disciplinary	
  BP	
  funded	
  Foreseer	
  programme	
  looking	
  at	
  
future	
  resource	
  stress,	
  the	
  NERC	
  funded	
  Hosana	
  project	
  looking	
  at	
  mitigating	
  
mineral	
  criticality,	
  the	
  EPSRC	
  funded	
  Precision	
  Guided	
  Flexible	
  Forming	
  project	
  
on	
  new	
  metal	
  forming	
  technologies,	
  and	
  is	
  a	
  co-­‐leader	
  of	
  the	
  EPSRC	
  funded	
  
WholeSEM	
  project	
  creating	
  a	
  national	
  whole-­‐systems	
  energy	
  model	
  for	
  the	
  UK.	
  
In	
  total	
  these	
  projects	
  have	
  attracted	
  funding	
  of	
  £18m	
  and	
  employ	
  around	
  60	
  
people	
  at	
  nine	
  universities,	
  25	
  of	
  whom	
  work	
  with	
  Julian	
  in	
  Cambridge.	
  	
  	
  
	
  
Julian	
  was	
  a	
  Lead	
  Author	
  of	
  the	
  5th	
  Assessment	
  Report	
  of	
  the	
  IPCC	
  with	
  a	
  focus	
  
on	
  mitigating	
  industrial	
  emissions.	
  He	
  is	
  a	
  Fellow	
  of	
  the	
  International	
  Academy	
  of	
  
Production	
  Engineering	
  CIRP	
  and	
  chairman	
  of	
  its	
  metal	
  forming	
  section,	
  and	
  is	
  
joint	
  editor-­‐in-­‐chief	
  of	
  the	
  Journal	
  of	
  Materials	
  Processing	
  Technology.	
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The	
  Anthropocene	
  is	
  defined	
  as	
  the	
  epoch	
  when	
  humans	
  acquire	
  the	
  ability	
  to	
  
dominate	
  major	
  features	
  of	
  the	
  Earth	
  system.	
  We	
  base	
  our	
  estimate	
  on	
  the	
  social	
  
metabolism	
  of	
  the	
  human	
  population	
  and	
  its	
  impact.	
  Ehrlich‘s	
  classical	
  IPAT	
  
formula	
  reads:	
  human	
  impact	
  on	
  Earth	
  equals	
  population	
  size	
  times	
  affluence	
  
times	
  technology	
  –	
  by	
  mode	
  of	
  subsistence.	
  We	
  describe	
  the	
  functional	
  
characteristics	
  of	
  hunter	
  gatherers,	
  agrarian	
  and	
  industrial	
  modes	
  of	
  subsistence	
  
in	
  terms	
  of	
  their	
  population	
  dynamics,	
  energy	
  regime	
  and	
  the	
  technologies	
  by	
  
which	
  they	
  interact	
  with	
  the	
  environment.	
  In	
  a	
  ‘toy’	
  model,	
  we	
  translate	
  these	
  
considerations	
  into	
  global	
  numbers	
  for	
  the	
  past	
  millennia:	
  we	
  estimate	
  the	
  
respective	
  population	
  sizes	
  and	
  affluence	
  (energy),	
  and	
  finally	
  also	
  technology	
  
concerning	
  its	
  impact	
  on	
  the	
  carbon	
  cycle.	
  We	
  see	
  a	
  major	
  historical	
  dividing	
  line	
  
around	
  AD	
  1500:	
  up	
  to	
  then,	
  human	
  population	
  growth	
  and	
  metabolic	
  rates	
  
carry	
  about	
  equal	
  weight	
  in	
  increasing	
  human	
  pressure	
  on	
  the	
  environment	
  
(approximately	
  fivefold	
  from	
  the	
  year	
  AD	
  1	
  onwards),	
  until	
  fossil	
  fuel	
  use	
  
gradually	
  raises	
  the	
  socially	
  disposable	
  energy	
  to	
  unprecedented	
  levels	
  and	
  
introduces	
  a	
  take	
  off	
  in	
  population	
  and	
  technology.	
  From	
  then	
  on,	
  the	
  overall	
  
pressure	
  of	
  humanity	
  upon	
  Earth	
  increases	
  by	
  one	
  order	
  of	
  magnitude;	
  energy	
  
intensity	
  contributes	
  to	
  this	
  rise	
  by	
  roughly	
  tripling	
  the	
  impact	
  of	
  population	
  
growth.	
  Technology,	
  because	
  it	
  is	
  based	
  upon	
  a	
  shift	
  from	
  biomass	
  to	
  fossil	
  fuels	
  
(and	
  other	
  “modern“	
  energy	
  carriers),	
  does	
  not	
  moderate	
  this	
  impact,	
  but	
  
enhances	
  it	
  by	
  a	
  factor	
  of	
  1.5.	
  	
  

The	
  dynamics	
  of	
  transformation	
  of	
  social	
  metabolism	
  is	
  still	
  on-­‐going	
  –	
  and	
  the	
  
21st	
  century	
  will	
  be	
  marked	
  by	
  a	
  decline	
  in	
  human	
  population,	
  and	
  a	
  change	
  in	
  its	
  
energy	
  base.	
  Do	
  we	
  have	
  the	
  means	
  to	
  make	
  this	
  happen	
  in	
  time?	
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Professor of Social Ecology and Coordinator of Sustainability Research, Alpen Adria 
University; Senior Lecturer at the University of Vienna.  

Marina Fischer-Kowalski has been teaching at Yale University, at Griffith University, 
at the Universidad Federal de Rio de Janeiro and at Roskilde University. She has 
been, inter alia, president of the International Society for Industrial Ecology and Chair 
of the Scientific Advisory Board of the Potsdam Institute of Climate Impact Research 
(PIK); currently, she is President of the International Society for Ecological 
Economics. As member of UNEP’s International Resource Panel, she recently 
became lead author to its publication, “Decoupling resource use and environmental 
impacts from economic growth”. Other books include „Socioecological Transitions 
and Global Change“, and „Ester Boserup’s Legacy for Sustainability.“ 

A sociologist by academic breeding, she is fascinated with interdisciplinary 
cooperation and has made the analysis of societal metabolism her main field of study. 
What is the nexus between social and natural systems? How do they co-evolve? How 
do they relate in the minds of people, in biophysical reality, and how did they relate in 
history? She is a determined empirical researcher of society-nature interactions from 
local to global scales. Beyond curiosity driven research, she feels responsible for 
contributing also practically to developing a more sustainable society, and engages in 
sociometabolic transition processes and NGO work.  
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The	
  presenter	
  will	
  present	
  an	
  overview	
  of	
  recent	
  and	
  expected	
  trends	
  in	
  
migration	
  and	
  discuss	
  the	
  implications	
  for	
  the	
  environment	
  and	
  sustainable	
  
development.	
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Dr	
  Frank	
  Laczko	
  is	
  the	
  Head	
  of	
  Research	
  at	
  the	
  International	
  Organization	
  for	
  
Migration(IOM)	
  in	
  Geneva.	
  IOM	
  is	
  the	
  largest	
  inter-­‐governmental	
  organization	
  in	
  
the	
  world	
  dealing	
  with	
  migration	
  issues.	
  IOM	
  has	
  156	
  Member	
  States	
  and	
  its	
  
8,486	
  staff	
  work	
  in	
  480	
  field	
  locations	
  around	
  the	
  world. 
	
   
Dr	
  Laczko,	
  is	
  the	
  lead	
  Editor	
  of	
  the	
  “2013	
  World	
  Migration	
  Report”,	
  co-­‐editor	
  of	
  a	
  
new	
  IOM	
  book	
  about	
  “Migration	
  and	
  the	
  Post-­‐2015	
  Development	
  Agenda,”	
  and	
  
co-­‐editor	
  of	
  a	
  recent	
  book	
  entitled	
  “People	
  on	
  the	
  Move	
  in	
  a	
  Changing	
  Climate”,	
  
published	
  by	
  Springer	
  in	
  2013.	
  He	
  is	
  the	
  co-­‐editor	
  of	
  “Migration	
  Policy	
  Practice”,	
  
an	
  online	
  journal	
  for	
  policymakers	
  and	
  practitioners,	
  and	
  is	
  the	
  Series	
  Editor	
  for	
  
the	
  Springer/IOM	
  book	
  series	
  on	
  Global	
  Migration	
  Issues.	
  He	
  is	
  also	
  co-­‐Chair	
  of	
  
the	
  Global	
  Migration	
  Group’s	
  data	
  and	
  research	
  working	
  group.	
  Currently	
  he	
  is	
  
managing	
  a	
  major	
  global	
  project	
  funded	
  by	
  the	
  European	
  Union	
  entitled	
  
“Migration,	
  Environment	
  and	
  Climate	
  Change:	
  Evidence	
  for	
  Policy”.	
  He	
  is	
  
currently	
  working	
  with	
  Gallup	
  on	
  a	
  new	
  report	
  on	
  “Migration	
  and	
  the	
  G20”	
  and	
  
the	
  2015	
  World	
  Migration	
  Report,	
  which	
  will	
  focus	
  on	
  migration	
  to	
  cities.	
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A	
  green	
  energy	
  economy	
  is	
  an	
  international,	
  multi-­‐faceted	
  challenge.	
  To	
  truly	
  
leverage	
  a	
  global	
  green	
  energy	
  economy,	
  one	
  must	
  understand	
  that	
  there	
  are	
  
global	
  energy	
  flows	
  dictated	
  by	
  supply	
  and	
  demand,	
  which	
  affect	
  every	
  nation.	
  
How,	
  when,	
  why	
  and	
  where	
  these	
  energy	
  flows	
  travel	
  can	
  have	
  profound	
  effects	
  
on	
  energy	
  security,	
  national	
  economics	
  and	
  the	
  climate.	
  Any	
  effort	
  to	
  manage	
  
carbon	
  in	
  a	
  world	
  of	
  climate	
  disruption	
  must	
  take	
  into	
  account	
  these	
  global	
  
energy	
  flows	
  and	
  their	
  cascading	
  effects.	
  When	
  considering	
  a	
  green	
  energy	
  
economy,	
  nations	
  will	
  potentially	
  be	
  faced	
  with	
  trade-­‐offs	
  between	
  energy	
  
security,	
  national	
  economy	
  and	
  climate	
  effects.	
  These	
  will	
  no	
  doubt	
  be	
  difficult	
  
and	
  often	
  times	
  intractable	
  decisions	
  but	
  there	
  is	
  a	
  compromise.	
  Distributed	
  
energy	
  generation	
  can	
  help	
  offset	
  some	
  of	
  the	
  supply	
  and	
  demand	
  issues	
  driving	
  
these	
  large	
  global	
  energy	
  flows.	
  This	
  is	
  an	
  attractive	
  solution	
  because	
  it	
  is	
  
applicable	
  to	
  both	
  developed	
  and	
  developing	
  nations.	
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Dr	
  Gary	
  Dirks	
  is	
  director	
  of	
  Arizona	
  State	
  University’s	
  Julie	
  Ann	
  Wrigley	
  Global	
  
Institute	
  of	
  Sustainability	
  and	
  director	
  of	
  LightWorks,	
  an	
  ASU	
  initiative	
  that	
  
capitalizes	
  on	
  ASU’s	
  strengths	
  in	
  solar	
  energy	
  and	
  other	
  light-­‐inspired	
  research.	
  
He	
  also	
  is	
  the	
  Julie	
  Wrigley	
  Chair	
  of	
  Sustainable	
  Practices,	
  a	
  professor	
  of	
  practice	
  
in	
  the	
  School	
  of	
  Sustainability,	
  and	
  Distinguished	
  Sustainability	
  Scientist.	
  	
  
	
  
Before	
  joining	
  ASU,	
  Dirks	
  was	
  president	
  of	
  BP	
  Asia-­‐Pacific	
  and	
  BP	
  China.	
  In	
  China,	
  
he	
  grew	
  BP	
  from	
  an	
  operation	
  with	
  fewer	
  than	
  30	
  employees	
  and	
  no	
  revenue	
  to	
  
more	
  than	
  1,300	
  employees	
  and	
  revenues	
  of	
  about	
  $4	
  billion	
  in	
  2008.	
  	
  
	
  
Dirks	
  is	
  a	
  member	
  of	
  the	
  Arizona	
  Governor’s	
  Energy	
  Advisory	
  Board	
  and	
  has	
  
served	
  on	
  the	
  boards	
  of	
  the	
  India	
  Council	
  for	
  Sustainable	
  Development,	
  the	
  U.S.	
  
China	
  Center	
  for	
  Sustainable	
  Development,	
  and	
  the	
  China	
  Business	
  Council	
  for	
  
Sustainable	
  Development.	
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Humanity	
  in	
  the	
  21st	
  century	
  faces	
  great	
  challenges	
  related	
  to	
  poverty	
  reduction	
  
and	
  development,	
  climate	
  change	
  mitigation,	
  and	
  resource	
  depletion.	
  These	
  
challenges	
  are	
  interconnected	
  in	
  many	
  ways,	
  yet,	
  our	
  understanding	
  of	
  these	
  
problems	
  and	
  the	
  strategies	
  used	
  to	
  solve	
  them	
  are	
  highly	
  fragmented,	
  which	
  
often	
  results	
  in	
  unintended	
  problem	
  shifts	
  and	
  poor	
  priority	
  setting.	
  	
  
	
  
In	
  this	
  presentation,	
  I	
  argue	
  (i)	
  that	
  an	
  understanding	
  of	
  the	
  socio-­‐economic	
  
metabolism,	
  thus	
  the	
  stocks	
  and	
  flows	
  of	
  materials,	
  energy,	
  and	
  emissions	
  
generated	
  by	
  people’s	
  activities,	
  can	
  greatly	
  improve	
  our	
  ability	
  to	
  devise	
  
strategies	
  for	
  addressing	
  these	
  challenges	
  simultaneously	
  and	
  more	
  effectively,	
  
and	
  (ii)	
  that	
  the	
  transformation	
  of	
  the	
  infrastructure	
  stocks	
  lies	
  at	
  the	
  heart	
  of	
  
changing	
  the	
  socio-­‐economic	
  metabolism.	
  Infrastructures	
  provide	
  services	
  to	
  
people	
  and	
  are	
  essential	
  to	
  enable,	
  sustain,	
  or	
  enhance	
  societal	
  living	
  conditions;	
  
but	
  they	
  are	
  also	
  the	
  engines	
  for	
  anthropogenic	
  flows	
  of	
  materials,	
  energy,	
  and	
  
emissions.	
  Due	
  to	
  their	
  long	
  lifetime,	
  they	
  are	
  characterized	
  by	
  strong	
  inertia	
  and	
  
can	
  induce	
  lock-­‐ins	
  into	
  undesirable	
  metabolic	
  patterns.	
  Nevertheless,	
  the	
  role	
  of	
  
infrastructure	
  stocks	
  in	
  metabolic	
  systems	
  is	
  still	
  poorly	
  understood	
  and	
  is	
  
usually	
  neglected	
  in	
  economic	
  models,	
  resulting	
  in	
  strategies	
  that	
  are	
  unrealistic	
  
(not	
  mass-­‐balance	
  consistent)	
  and	
  ineffective	
  (omitting	
  relevant	
  side-­‐effects).	
  
	
  
I	
  demonstrate	
  how	
  the	
  development	
  of	
  infrastructure	
  stocks	
  defines	
  boundary	
  
conditions	
  for	
  national	
  and	
  global	
  flows	
  of	
  energy	
  and	
  materials	
  that	
  need	
  to	
  be	
  
considered	
  when	
  devising	
  harmonized	
  strategies	
  for	
  infrastructure	
  development,	
  
resource	
  security,	
  and	
  climate	
  change	
  mitigation.	
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  member	
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  Professor	
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  University	
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  in	
  computational	
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  science.	
  	
  He	
  was	
  one	
  of	
  the	
  first	
  social	
  
scientists	
  to	
  use	
  agent-­‐based	
  models,	
  in	
  the	
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  1990s,	
  and	
  has	
  since	
  published	
  
widely	
  on	
  the	
  methodology	
  underlying	
  computer	
  modelling,	
  on	
  basic	
  issues	
  in	
  
social	
  science	
  that	
  can	
  be	
  addressed	
  effectively	
  using	
  such	
  models,	
  and	
  on	
  the	
  
value	
  of	
  simulation	
  for	
  applied	
  problems	
  such	
  as	
  understanding	
  commercial	
  
innovation	
  and	
  managing	
  environmental	
  resources.	
  	
  Professor	
  Gilbert	
  is	
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interested	
  in	
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  scientific	
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  industrial	
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