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¢ƻŘŀȅΩǎ ǿƻǊƪǎƘƻǇΧΦ 

ÅBecause energy is strongly connected to many 
other human needs and to our life support 
systems, making good energy choices (with more 
co-benefits and fewer unintended consequences) 
is key to a transition to sustainability 
 
ÅWhat knowledge, tools and approaches are 

available to help, and what more is needed? 
 
Å{ŜǾŜǊŀƭ ŘŜǘŀƛƭŜŘ ŜȄŀƳǇƭŜǎΧ 



  Sustainability: the most critical 

challenge of the 21st Century: 

 

Meeting the needs of people 

today and in the future 

 

Sustaining the life support 

systems of the planet  

NRC. 1999. Our Common Journey 



1 ï 2 billion persons areé 

Å illiterate adults 

Å without adequate shelter 

Å without access to safe water or sanitation 

Å without access to electricity 

Å undernourished 
7,000,000,000 

Social needs are not being met 



 

-   Air Pollution and Climate change 

-   Acidification of the oceans 

-  ~50% land surface has been converted 

-   Biodiversity loss 100+ times faster 

-   60% of ecosystem services in decline 

-  Water and soil resources limitations 

-  Nitrogen over-enrichment  

-  Mineral resource limitations 
7,000,000,000 

Life support systems are degraded 



 
  Meeting the needs of people 

 
 

Sustaining atmosphere, water, 

climate and ecosystems 
 
 



 
  Meeting the needs of people 

 
 

Sustaining atmosphere, water, 

climate and ecosystems 
 
 



Energy Use 

Food, Water, Health 
Buildings, Industry, 
¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΧ 

   Energy is key to just about everything we do, and  

   provision of energy is a sustainability challenge 





Energy Use 

CO2 &  
other GHGs 

But energy use has a cascade of unintended consequences: 
A major source of air, water, soil and ocean pollution, and of greenhouse gases 



Energy Use 

CO2 &  
other GHGs 

Climate 
Change 

Impacts  
(sea level rise,  

heat, heavy rains, 
drought...) 

Food, Water, 
Buildings, Health, 

 Ecosystems 

The energy-climate-food-water nexus is a 

 sustainability challenge 

CO2 &  
other GHGs 



 
  Meeting the needs of people for 

energy  
 
 

Sustaining atmosphere, food, water, 

climate and ecosystems 
 
 



 
  Meeting the needs of people for 

energy  
 
 

Sustaining atmosphere, food, water, 

climate and ecosystems 
 
 



 
 
 

A Transition to Sustainability? 
 

What will it take? 
 
 



What will it take for a  
transition to sustainability? 

 
- new knowledge, tools and approaches 
- linking knowledge to action 
- educating leaders and the public 
- hope, inspiration, and motivation 
- the will to change 
-leadership by corporations, citizens, 
governments, non-profits, universities 
- ŀƴŘ ŀ ǎǘŀōƭŜ ƘǳƳŀƴ ǇƻǇǳƭŀǘƛƻƴΧΦ 
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- hope, inspiration, and motivation 
- the will to change 
-leadership by corporations, citizens, 
governments, non-profits, universities 
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Development of new energy technologies 

Solar 
Wind 
Water 
Ocean sources 
Nuclear 
Geothermal 
Biofuels 

Fuel switching (to natural gas) 
Carbon capture and storage 
Energy storage 



Need to understand tradeoffs and co-ōŜƴŜŦƛǘǎΧ 

Solar 
Wind 
Water 
Ocean sources 
Nuclear 
Geothermal 
Biofuels 
ΧΦΦ 

 
Technology 
 
Implementation Barriers 
 
Unintended consequences 
for Biodiversity 
Ecosystem services 
Water resources 
Atmosphere 
Climate 
 
Trade and security 
 
Health and Equity 
 



How do we make choices that reduce 
unintended consequences? 

What tools and approaches do we have 
to evaluate the 

trade-offs and co-benefits among 
different options and across different 

areas of concern? 



Tools and Approaches for Measuring and Evaluating 

Tradeoffs, Co-Benefits, and Unintended Consequences  

ÅLife Cycle Assessment Models  

ÅEconometric Models 

ÅEcosystem Process Models 

ÅEcosystems Services Models  

ÅVulnerability Analyses 

Å Integrated Assessment Models 

ÅMulti-criteria spatial analysis, including ground-based 
measurements and remotely sensed data 

ÅMetrics and Indicator Systems 

ÅCertification systems 

ÅStakeholder engagement and decision support systems 

 

 



Life Cycle Assessment:   a tool to assess the resource and 

environmental impacts throughout a productôs lifetime 
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(LCA) of biofuels �t to understand the energy 
yield and GHG emissions of energy choices  
 


