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Energy Security 

• Availability – sufficient, sustainable quantities  

• Access – infrastructure and affordability 

• Usability – quality to meet desired needs 

• Stability – resilient supply chains, storable 
commodities, & good governance 



http://www.iea.org  





Direct Combustion Energy 

Fuel Energy 

Food Energy 

QUALITY EFFICIENCY 



Sustainability Transitions  

A multi-level perspective: 

• Niche opportunities – Innovation 

– Drop-in fuels, Aviation biofuels? 

• System Integration – Transitional 

– Ethanol in the US? 

• Regime Change -Transformational  

– Ethanol in Brazil? 

Adapted from C. Hinrichs, Agriculture and Human Values, 2014 



A Knowledge Systems Framework 

• Stakeholder Engagement 
• Values clarification 
• Systems definition 
• Data and models 
• Forecasting, Backcasting, and Transition Planning 
• Implementation Science 

– Communication, decisions, business models  

• Action – both individual and collective 
– Governance, policies, markets, commercialization 

• Monitoring and Evaluation 
• Iteration and Improvement 
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Future Vision Point of Reference: 
Extrapolated and Interpolated Resource Futures 

Interpolated future, GSB 

stage 2 

Inform next steps, 

GSB stage 3 



Supply Chain Stakeholders 

Biomass Conversion Facility Downstream Operators 
Producers and suppliers of 

biomass feedstocks 



Government Stakeholders 

Inequality 

Poverty 
Unemployment 



Inequality 

Discounted 
Futures 

Resource  
Exhaustion 

Failures of Neoclassical Economics 





Household Stakeholders 

Tittonell et al. 2010 



-Fertilizers 
-Fuel 
-Herbicides/pesticides 
-Seed production 
- Grains 

Crop System 
 

-Meat 
-Grain 
-Fuel 
-Other products 

Livestock System 

Inputs Outputs 

Grains / 
Forage 

Manure 
Food 

$ 

$ 



Greenhouse Gas Emissions of  
Food and Energy Crops 
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Large-scale grassland 
fertilization experiment 

Forest Carbon stock 
assessment 

Parks & People 



Ayanfuri 2010 (QuickBird) Ayanfuri 2012 (Rapid Eye) Kedawen 2012 (Rapid Eye)

Pixel
based
image

analysis

Object
based
image

analysis

(A)

UnclassifiedUrban MiningWater Cleared Secondary forestReserved forest 

(C)(B)

(D) (E) (F)

Geospatial patterns of land use in Africa 

Linking land use 
change to human 
health, Ghana 



Mapping Biofuel Anthromes 

Ellis et al. 2011 

Coupling social land use + biophysical template 
to map potential socio-ecological landscapes 

for biofuel productivity 
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dominated 
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Emerging 
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(Africa)  

Coupled 
socio-
ecological 
drivers & 
feedbacks 

Divergent 
outcomes 
across 3 case-
studies? 

Telecouplings 

Time  

SA 

MZ 

GH 

Different initial 
conditions across 
case studies 

Tipping 
points 

Mapping Socio-ecological Transitions 



Community natural resource management and agroforestry  
Two examples from Africa 

Boabab oil 
cooperative 

1. What makes  a 
successful natural 
product enterprise? 
 

2. Intercropping 
fertilizer trees for 
soil fertility and 
multiple products, 
including potentially 
biofuels  

Intercropping Eucalyptus and sugar 
from Cecon, E, 2008  and Pinto, L. F. 
G., M. S. Bernardes, J. L. Stape, and 
A. R. Pereira. 2005 

Faidherbia spp 

intercropping in Zambia 

Can this work? 



Multi-scalar, multi-method approach 
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