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(Renewable) Energy is Critical for Human Well Being  

1. Rate of energy use (rate of work done) largely determines 
national wealth and opportunities for human development 

2. Many of those concerned about climate change seem ignorant of 
or indifferent to this fact: energy use makes us prosperous 

3. Our current prosperity is based largely on non-renewable fossil 
fuels—thus our prosperity has an “expiration date” 

4. Lack of energy access currently condemns billions to poverty—
and will also limit future generations unless…. 

5. We implement terawatt scale renewable energy systems—in the 
next few decades 

6. Bioenergy is a non-optional part of a renewable energy future 

7. Thus farmers—those who own and manage land--must benefit 
from bioenergy production 

8. So the question is: “How can we “Do Biofuels Right?”” 



Power Consumption and GDP (World Regions) 

Relationship between 2009 per capita primary energy consumption and GDP per capita for main regions of 
the world and income levels (as specified by the World Bank). GDP values are adjusted for Purchasing Power 
Parity and reported in current international $. GDP per capita is from the World Bank, and per capita primary 
power consumption is derived from other indicators provided by the World Bank: 
http://data.worldbank.org/indicator .  Accessed on Jan. 4 2012.  Information on which countries are included 
in the classifications is available at:  
http://data.worldbank.org/about/country-classifications/country-and-lending-groups     
The regression line is derived with the constraint that 0 kilowatts per person = $0 GDP per capita. 
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Energy Consumption & Human Well Being are Linked:  
How Much Energy is “Enough”? 

Relationship between 2010 per capita primary energy consumption and human development indices (HDI) 
for 170 countries. Qatar is not shown with a per capita primary energy consumption of greater than 30 
kilowatts per person. Based on a figure by Martinez and Ebenhack, 2008; and the inset is based on a figure 
from the Human Development Report Office (HDRO) of the United Nations (UN): 
http://hdr.undp.org/en/statistics/hdi/ .  Human development indices are also from the HDRO: 
http://hdr.undp.org/en/statistics/hdi/ .  Per capita primary energy consumption data are from the U.S. 
Energy Information Administration (EIA): http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm . 
All data were accessed on Nov. 17, 2011. 
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Biofuels (and Biogas?):  
A crime against humanity? 

• “[I]t's a crime against humanity to convert agricultural productive soil 
into soil... which will be burned into biofuel.” 
– Jean Ziegler, UN Special Rapporteur, 2007  
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Agriculture and Biofuels:  
we must ask the right questions 

• We are asking: Can we impose a large new demand  for  biofuels 
on the existing agricultural system that otherwise does not change? 

• We should be asking: Can we redesign US (and world) agriculture 
to produce biofuels (including biogas), food/feed & large, positive 
environmental services, including GHG reduction?  

• Agriculture has changed before; it can, should (must) change 
again—and farmers are key to that change 

• Examine actual land uses: most land is used for animal feed—not 
for human food 

• One solution: think about the whole system and use land efficient 
animal feeds to boost total biomass output per acre—doing so 
more sustainably (and more profitably)…”Biofuels Done Right” 

• Example of Italian Biogas Consortium: “Biogasdoneright” 



Land Use Patterns in the United States 





Reconfigure U. S. Agriculture to 
Produce Animal Feed, Biofuel and 
Large Environmental Services  

Modeling approach: Use double 
cropping, etc., to provide 
biomass for animal feed and fuel 
ethanol  

Predictions:  

• 30% of U.S. cropland, pasture 
and range provide ~100 billion 
gallons/yr of fuel ethanol 

• U.S. GHGs reduced by ~700 
Tg- carbon dioxide/yr 

• Soil fertility increased (carbon 
sequestered in soil) 

• Food (actually animal feed) 
production unchanged  

• Nitrogen and phosphorus 
losses reduced by ~75% 

 



Executive Committee Meeting of Italian Biogas Consortium: “Biogasdoneright”  

Cremona, Italy May 8, 2015 



• Italian feed in tariff led to 4 billion € investment over 4 years 

• 1,200 biogas plants total with ~1 gigawatt of capacity  

• 8,000 GWh/yr electricity generated  

• 12,000 well-paying, permanent jobs created 

• Uses 0.25 million ha of Italian crop land (6.5 million ha total)  

 



Guiding Principles: “Biogasdoneright” 

• Grow regular crop for feed/food– no “food vs. fuel” conflict 

• Grow a double crop to feed the anaerobic digesters (plus manure, other 
locally-available “wastes”) 

• Burn biogas on site to generate electricity for grid- use waste heat  

• Fertilize fields with digestate liquid → reduce purchased fertilizers (and 
associated GHGs)→ reduce irrigation water 

• Till in the residual digestate solids → rising soil carbon levels→ increased 
fertility and farm productivity→ low cost carbon capture & storage 

• Pursue opportunities for increased resilience/value added: 

– Methane to biodegradable polymers for irrigation piping 

– Methane-powered tractors 

• Improve profitability—increase income and resilience, reduce expenses 

• We will be documenting/analyzing the Italian biogas experience in the 
journal Biofuels, Bioproducts and Biorefining 

• Their farms are beautiful…. 



Stefano Bozzetto‘s farm: 2 biogas plants of 1 MW each. 

Daily feeding plan: 90 tons cow manure, 90 tons cow slurries, 38 tons eggs laying chicken 

manure, 10 tons rabbit manure, 5 tons spent mushrooms litter, 10 tons sugar beets, 30 tons corn 

silage, 5 tons rye grass (all wet weights) 



Some Concluding Thoughts 

• Energy use is critical to human prosperity 

• We need about 2-4 kW/capita— a portion of 
which must be bioenergy 

• We probably cannot limit GHGs without 
involving farms and farmers who manage land 

• Agriculture can provide food, feed, and large 
environmental services, if redesigned to do so. 

• Start incentivizing/involving farmers to produce 
lots of energy, sustainably  


