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Outline 

!   Next	  genera=on	  biofuels	  research	  (GLBRC)	  
!   Gaming	  challenge	  &	  Learning	  opportunity	  
!   Game	  development	  
!   Game	  tour	  
!   Experiences	  &	  Outcomes	  
!   Next	  steps	  &	  Opportuni=es	  
!   Discussion	  
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Next Generation Biofuels 
Research (GLBRC) 



Moving Beyond Corn Ethanol	  
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?  Enzymes (cellulases, 
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GLBRC Research Pipeline: 
Sustainability is Key 
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Biofuel	  Sustainability	  
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!   Environmental	  objec6ves	  include	  climate	  mi=ga=on,	  water	  
and	  nitrogen	  conserva=on,	  and	  the	  delivery	  of	  biodiversity	  
services	  

We	  define	  sustainability	  as	  the	  intersec=on	  of	  
economic,	  environmental,	  and	  social	  
objec=ves	  

!   Economic	  objec6ves	  include	  
profitability	  and	  the	  basis	  for	  farmer,	  
refiner,	  and	  policy	  decisions	  about	  
what	  to	  plant	  where	  and	  when	  

!   Social	  objec6ves	  include	  energy	  and	  food	  security	  



Biofuel Cropping Systems 
 

8	  systems	  x	  5	  replicate	  blocks	  -‐	  Established	  2008	  

GLBRC Cropping systems experiment 
Arlington ARS (WI) & Kellogg Biological Station (MI) 



Biofuel Crops and Sustainability	  



Investigating and Modeling a 
Complex System 

www.glbrc.org	  
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Sustainable	  
outcome?	  

Management	  decisions	  

Economic	  	  
impacts	  
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11	  

Agroecosystem	  dynamics	  

Environmental	  
impacts	  

!   Feedback 



 Managing Cropping Systems for Sustainability 

Key	  Environmental	  Variables	  

!   Greenhouse	  gas	  emissions	  
!   Soil	  fer=lity	  

!   	  Nutrient	  Runoff	  (water	  
quality)	  

!   Biodiversity	  

Key	  Economic	  Variables	  

!   Profitability	  
!   Energy	  produc=on	  

www.glbrc.org	  
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Land	  management	  decisions	  

!   Crop	  (what,	  when,	  where)	  
!   Tillage	  

!   Chemical	  applica=on	  
(fer=lizers,	  pes=cides)	  



Agricultural Ecosystems: 
Are There Sustainable Scenarios?	  



Gaming Challenge & 
Learning Opportunity 



Objective 
Develop	  an	  online	  mul=player	  game	  in	  which	  
players	  can	  explore	  outcomes	  of	  pursuing	  

individual	  and	  collec=ve	  goals	  in	  realis=c	  modeled	  
bioenergy	  crop	  produc=on	  environment.	  	  



Player Challenge 
Make	  farm	  management	  decisions	  to	  maximize	  

ecosystem	  services,	  profits	  and	  energy	  produc=on.	  



Learning Goals 

A]er	  playing	  the	  game,	  players	  should	  be^er	  
understand:	  
!   Ecological	  and	  economic	  dimensions	  of	  

sustainability	  
!   Short-‐term	  vs.	  long-‐term	  dynamics	  of	  

sustainable	  systems	  
!   Local	  and	  global	  impacts	  of	  individual	  farmer	  

management	  decisions	  

www.glbrc.org	  
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Game Development 
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!   Computer scientists 
!   GLBRC scientists and staff 

!   High school teachers !   Education researchers !   Game developers 

!   Player feedback 



Game Tour 



Game Architecture 

www.glbrc.org	  
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Key Features 

!   Realis=c	  &	  Dynamic	  Models	  
§  Economic	  and	  Ecological	  

!   Local	  and	  global	  outcomes	  
!   Moderator	  adjusts	  level	  of	  complexity	  based	  

upon	  audience	  and	  learning	  goals	  

!   Players	  can	  define	  their	  goals	  collec=vely	  

www.glbrc.org	  
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Flow of Play 
!   Round-‐based	  (year)	  
!   Choose	  crop	  
!   Manage	  (op=onal)	  
!   Year	  advances	  (models	  

run)	  
!   Player	  feedback	  

(economic	  and	  
environmental)	  

!   Adapt	  and	  con=nue	  
	   www.glbrc.org	  

23	  



Player Decisions 

!   Basic:	  
§  Crop:	  Corn,	  
Switchgrass,	  Cover	  
crop	  

!   Op=onal:	  
§  Fer=lizer	  (Hi/Low)	  
§  Pes=cides	  (Hi/Low)	  
§  Tillage	  (=ll	  or	  no	  =ll)	  

	  
www.glbrc.org	  
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Player Feedback 

!   Over	  Sustainability	  Score	  
§  Composite	  of	  economic	  and	  ecological	  scores	  

!   Environmental	  Score	  
§  Composite	  of	  GHG	  emissions,	  soil	  health	  &	  biodiversity	  

!   Economic	  Score	  
§  Based	  upon	  income,	  yield	  and	  energy	  produc=on	  

!   More	  or	  less	  detail	  
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Local vs 
Global Goals 
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!   Local outcome 

!   Global outcome 



Experiences & Outcomes 
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Preliminary Assessments 
!   Players	  highly	  engaged,	  posi=ve	  response	  
!   Discussions	  uncover	  strategies	  and	  thinking	  about	  

economic	  and	  ecological	  systems	  
!   Deeper	  understanding	  of	  economic	  environmental	  

tradeoffs	  in	  sustainability	  
!   Considera=on	  of	  the	  components	  of	  

agroecostystem	  sustainability	  
!   Need	  be^er	  presenta=on	  of	  data	  for	  players	  to	  

uncover	  and	  understand	  mechanisms	  

www.glbrc.org	  
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Next Steps & Opportunties 

!   Complete	  web-‐based	  version	  (Early	  April)	  
!   Demonstra=ons	  and	  feedback:	  classroom	  and	  

informal	  audiences	  
!   Curriculum	  development	  
!   Research	  on	  learning	  gains	  
!   Crowdsourcing	  research	  to	  understand	  

behavior	  and	  management	  strategies	  

www.glbrc.org	  
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Get Involved 
!   Research	  Experience	  for	  Teachers:	  We’re	  

recrui=ng	  a	  teacher	  to	  work	  on	  this	  project	  
this	  summer.	  

!   Bioenergy	  Ins=tute	  for	  Educators	  (6/24-‐29):	  
Apply	  by	  March	  31	  

!   Online	  educa=on	  materials	  (glbrc.org/
educa=on)	  

!   Sign	  up	  for	  our	  GLBRC	  newsle^er	  	  
!   Want	  to	  try	  the	  game?	  Let	  me	  know!	  
	   www.glbrc.org	  
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