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(Renewable) Energy is Critical for Human Well Being  
1. Rate of energy use (rate of doing work) strongly affects (determines?) 

national wealth and opportunities for human development 

2. All rich societies use a lot of energy (~33% oil) 

3. “Energy efficiency” is essential but insufficient in itself 

4. Fossil energy use makes us rich today—what energy sources will make 
our children rich?  Answer: fossil energy cannot, it will be gone in the 
next few decades…. 

5. How will the billions of poor people in the world ever access enough 
fossil energy to develop their potential?  Answer:  they cannot, it will 
be gone in the next few decades…  

6. We must have renewable energy—  lots of it—in the next few decades 

7. Of all forms of energy, liquid fuels are the most valuable and most 
problematic in terms of supply, price and price volatility 

8. Peak oil has already arrived- 2005 by my rear view mirror 

9. Only large scale, low cost, low carbon energy sources can reduce 
GHGs, provide energy security and long term wealth 

10. Biofuels (liquid fuels from plant material) are not optional—we must have 
them—but they must also become much more sustainable 



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 2008 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. 

http://hdr.undp.org/en/statistics/hdi/
http://hdr.undp.org/en/statistics/hdi/
http://hdr.undp.org/en/statistics/hdi/
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm


Energy Efficiency is Essential but Insufficient 

Relationship between 2008 per capita primary energy consumption and human development indices (HDI) 
for 171 countries. 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. 

http://hdr.undp.org/en/statistics/hdi/
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm


Some Basic Energy Facts:  

Why Liquid Fuels are So Important  
• Services we need from energy (current primary sources of these 

services: fossil and renewable) 
– Heat (natural gas, coal— solar, wind, geothermal, biomass) 

– Light/electricity (coal, natural gas, hydro/nuclear– solar, wind, geothermal, 
biomass) 

– Mobility (liquid fuels from oil—96%, some ethanol & biodiesel, & CNG)- 
most commerce 

• All energy services (all BTU, ergs, GJ) are not created equal—
we value mobility (=oil) above all other energy carriers 

• Electricity/batteries can never provide more than about half of 
mobility needs—and they cannot support commerce at all 

• Commerce moves by trucks, ocean shipping, rail & jet aircraft  

• Economic chaos results when liquid fuel demand exceeds supply  

• Liquid fuels: not “energy” is the key economic security issue—and 
right now liquid fuels means refined oil products 

• The only potentially sustainable, very large scale source of 
renewable liquid fuels is sustainable plant matter—   or “biofuels” 
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Love that Volt! 



Essay On The Principle of 

Population 

 

 

“The power of population is 

so superior to the power of 

the earth to produce 

subsistence for man, that 

premature death must in 

some shape or other visit the 

human race…” Thomas Robert Malthus 

1766 - 1834 

http://en.wikipedia.org/wiki/Image:Thomas_Malthus.jpg
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Biofuels: 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  

 

 



Comparative Value of U.S. Energy Sources over Time 

Prices are adjusted to 2005 US$ using the GDP price deflator. All values are for domestic production. Coal is 
free-on-board price and includes all types of coal. Natural gas is the wellhead price. Crude oil is the first 
purchase price average for the entire country. Prices were reported as $/short ton for coal, $/thousand cubic 
feet for natural gas, and $/barrel for crude oil. The conversions used for each were: coal (19.858 million BTU 
per short ton), natural gas (1.025 million BTU per thousand cubic feet), and crude oil (5.800 million BTU per 
barrel). All values and conversion factors are from the U.S. Energy Information Administration. 
http://www.eia.gov/kids/energy.cfm?page=about_energy_conversion_calculator-basics Accessed Jan. 5, 2012. 

http://www.eia.gov/kids/energy.cfm?page=about_energy_conversion_calculator-basics
http://www.eia.gov/kids/energy.cfm?page=about_energy_conversion_calculator-basics
http://www.eia.gov/kids/energy.cfm?page=about_energy_conversion_calculator-basics


Worldwide Crude Oil Production –  

Subdivided into World Regions and Top 10 Producers in 2010 

Data is from the BP Statistical Review of World Energy 2011 and the associated database: 
http://www.bp.com/statisticalreview. Accessed Jan 13, 2012. Numbered countries are the top ten worldwide oil 

producers.  

Peak (Cheap) Oil 

http://www.bp.com/statisticalreview
http://www.bp.com/statisticalreview






Crude Oil Prices from 1861 to 2010 

Values for 1861-1944 are the US Average values; 1945-1983 are Arabian Light posted at Ras Tanura; 1984-
2010 and 2012 are Brent dated. Based on a table from the BP Statistical Review of World Energy 2011 and 
data is from the associated database: http://www.bp.com/statisticalreview. Accessed Jan 13, 2012. Current price 

of crude oil is in current US$ and was obtained from the US Energy Information Administration: 

http://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm. Accessed Jan 24, 2012. 

http://www.bp.com/statisticalreview
http://www.bp.com/statisticalreview
http://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm
http://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm


Do we want this fuel future? 



Grasses: Sustainable Sources of Protein  

& Calories for Animal Feed-- & Biofuel Feedstock 

Winter rye cover crop 

 May 5, 2005  Holt, MI 



Declining Oil (Energy) Use & Declining 

Income? 

• US oil consumption peaked in 2007 at 20.7 

million barrels/day 

• Oil consumption was ~18.9 million 

barrels/day in 2011– down 8.7% 

• Since 2007 median US household annual 

income has declined 8.2% (from $55,000 to 

$50,500) 

• Are people using less oil because they are 

poorer, or are they poorer because of the 

wealth = energy use relationship? 







Does the Oil Price Drive the Price of all Other Commodities? 

Prices are from the World Bank GEM Commodity Index Database: http://data.worldbank.org/data-
catalog/commodity-price-data. Accessed: Jan 16, 2012.  
Prices were reported as 2005 US$/bbl for crude oil (spot price average of West Texas Intermediate, Brent, 
and Dubai), 2005 US$/mt for urea (E. Europe, bulk) and steel rebar, and 2005 US$ (2005 = 100) for food and 
metals & minerals.  

http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data
http://data.worldbank.org/data-catalog/commodity-price-data


 

 

If we only had 

a brain:  

resolving the 

apparent food 

vs. fuel 

conflict by 

using our 

heads 



22 

Agriculture and Biofuels:  

we are not asking the right questions 

• We are asking: Can we impose a very large new demand  for  

biofuels on the existing agricultural system without creating 

problems? 

• We should be asking: Can we redesign US agriculture to 

produce biofuels, food/feed & environmental services? 

• Would you enter the Indy 500 race driving a golf cart? 

• Would you use a toothbrush to sweep the floor? 

• Agriculture has changed before; it can change again 

• Examine actual land uses: most land is used for animal feed 

• One solution: coproduce animal feeds with biofuels 

• Another solution: make much better use of pasture land 



www.glbrc.org 23 
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ALL BIOMASS IS LOCAL 
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Double Cropping 
• Grow crops (grasses) over winter & spring on corn or soy 

land while still growing corn/soy 

– Does NOT require new land 

– Increases sustainable corn stover harvest rate 

– Biomass can be used for biofuels, animal feed, etc 

– Reframes the “food vs. fuel” debate 

Holt, MI: May 5, 2005 
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More options for end use 
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Current vs Possible Land Use 
• Total biomass production increases by 2.5 fold on 

same land area 

– Displaces 50% of US gasoline & 5% of US electricity 

– Reduces US GHGs by over 10% & nitrate losses by 75% 

– Food & feed production remain the same- no iLUC 
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Cover Crops Reduce Nitrogen Losses Tenfold*  
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5 to 10x reduction 
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High Double Cropping gives Most Liquid Fuel & 

Most GHG Reductions 
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Some Thoughts on the Sustainability Transition 

• We are in a time of profound transition in how the world will be 

fueled & fed– we cannot continue much longer on our current 

pathways, we must change & the sooner the better 

• The changes required will be far reaching, profound, 

revolutionary, upsetting, painful, exciting…pick your adjective 

• Liquid fuels from plant matter (biofuels) are an essential part of 

the sustainability transition—this will cause a huge impact on 

the economic, physical & social “landscapes” 

• We should be seeking large, complementary, beneficial 

changes: we need food (feed) and fuel and sustainability and 

rural economic development and better social outcomes 

• This will not happen by accident—we must envision (use our 

heads),  and design (do the research) and then implement 

sustainable biofuel systems to achieve multiple objectives  

 



From This “Cell Phone” To this One 



Biofuel systems will:  

1. increase the fertility of the lands on which they are based 

2. produce large amounts of excess energy for the rest of society 

3. maintain or increase nutritional services currently provided by the lands 

on which they are based 

4. significantly reduce life cycle greenhouse gases versus petroleum or 

other fossil based liquid fuels 

5. benefit both socially and economically the local communities where 

biomass raw materials are grown 

6. be economically profitable without subsidies 

7. improve water quality in the areas where raw materials are grown and 

around processing plants 

8. enhance plant and animal biodiversity 

Biofuel systems will not: 

1. impact the quantity of local water supplies without local consent 

2. rely on key inputs which themselves are not sustainably produced  

 

Design Criteria for Sustainable Biofuel Systems?? 



Questions ?? 



“Absolutely!”  



Maximum Ethanol Production Tracks with  

Maximum CO2 Reduction 
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Scenario 

EtOH Production

CO2 Reduction

• Very little difference in performance 

over a range of assumptions 

43 



www.glbrc.org 44 

Influence of Personal Preferences on Allocation of Impacts 
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Influence of Personal Preferences on Allocation of Impacts 


