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Sustainable 

intensification:

Growing more food with 

the same land area, less 

environmental impacts, 

less fossil fuel.

C. Godfray et al., “Food Security:  

The Challenge of Feeding 9 

Billion People,” Science, Feb 12, 

2010, p. 812-18



Are you a science or engineering major?

Watch for jobs in food & energy industries.



World energy demand should double by 2030.  

Before this happens, expect the following:

Major expansion / repair of transmission grid

Significant renovation and new construction of 

power plants

Many retiring baby-boomers in the power industry 

Reference:  J. Thornton, “Positions of Power,” Mechanical Engineering 132 (1) 42-45 (2010). 



Sustainable Intensification:
producing more food & energy 

with less fossil resources

Biodigester in Laholm, Sweden. Biogas-fueled train in Sweden.





Our contribution  better uses for the above byproducts

U.S. production approaching 2 billion gallons per year*

- often limited by 2 main byproducts:

•800 million bushels meal

•200 million gallons glycerin

* “U.S. biodiesel production capacity”, National Soybean Board Fact Sheet, June 7, 2007.

Soy Biodiesel

Glycerin as heating fuel Wood-like biodegradable materials
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Boiler measures fuel efficiency and emissions
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Funding:  Michigan Soybean Promotion Committee, National Science Foundation

Besides burning a cheap by-product, 

there’s an environmental benefit



Installation of radiant floor heating in a Vermont greenhouse.  

Waste vegetable oil fuels the furnace.

Source:  www.petesgreens.com





Wood-like, biodegradable 

materials from plant biomass.



• Distiller’s grain is a by-product of ethanol processing.  

• Sold as animal feed, it’s made at a rate of 1 pound 
distiller’s grain per pound of ethanol.
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• Distiller’s grain

• Sugar beet pulp

• Spent coffee 
grounds

• Grass, leaves

• Corncobs

• Wood 

• Paper waste

• Food waste

• Distiller’s grain

• Beans

• Oilseed meal

• Spent coffee 

grounds

• Slaughterhouse 

residues

• Whey

Generic process crosslinks just about any 

polysaccharide to just about any protein.



Generic process crosslinks just about any 

polysaccharide to just about any protein…

…   rendering them moldable with ordinary 

plastic manufacturing equipment. 



Eco-checkers anyone?

Color patterns vary with raw materials selected. 



Potential Applications

• Disposable packaging

• Temporary landscape structures

• Disposable concrete forms

• Biodegradable plant pots

• Fillers in engineered plastics

• Non-toxic sporting clays

• Jewelry

• Furniture



Eco-checkers anyone?





Feburary 2009, pp. 27-29.



Why Aquaponics?
• Produces many types of fish & plants.

• The only chemical input is fish food.

• Costly petrochemicals not needed.

• Lacking soil, close control of system chemistry is 
easy.  Water is conserved too.

Water flow

Water flow



Conserves water & 
fertilizer

…..but uses energy

Australia is pioneering this method to 
combat food inflation caused by 
draught.

Source:  www.backyardaquaponics.com

SVSU aquaponics experiment



British family farm sells fish, fruits & herbs

Picture this in Michigan

Solar heater is essential.

New building full of aquaponics

Source:  www.herbsfromwales.co.uk















1,003.8 square miles (642,474 acres) 

of Chinese solar greenhouse were in 

use in the year 2000.

During that winter, they produced 

90% of the vegetables eaten in 

northern China.

Reference:  Tong et al., Computers & Electronics in 

Agriculture 68 (2009) 129-139.



Used with little or no auxiliary heating where 
daily temps fall below 14 F.

Mainly sited at latitudes of 32 to 41 degrees 
north with some beyond 43 degrees.

For comparison, Saginaw’s latitude is 43.4.  

Reference:  Tong et al., Computers & Electronics in 

Agriculture 68 (2009) 129-139.



To what extent is greenhouse 

thermal efficiency controlled by:

• foundation dimensions

• soil type and moisture level

• regional climate

• changes in roof design
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16C winter set point

Jan 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Feb 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Mar 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Apr 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

May 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Jun 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

July 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Aug 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Sept 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Oct 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Nov 1 dry sand

temperatures in degrees Centigrade

no winter heat



16C winter set point

Dec 1 dry sand

temperatures in degrees Centigrade

no winter heat
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50% moist sand 
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Today’s grand challenge:
Producing more food & energy 

with less fossil resources.

Biodigester in Laholm, Sweden. Biogas-fueled train in Sweden.



Re-tasking the landfill: 

productive use of waste heat & CO2

Source:  L. Kren, “Power Plant Takes On a New 

Meaning,”Machine Design, Dec 16, 2004, p. 100 



Currently, each megawatt 

production of electric power results 

in the wasteful creation of another 

megawatt of thermal energy.  

“
”

Source:  L. Kren, “Power Plant Takes On a New Meaning,”Machine Design, 

Dec 16, 2004, p. 100 



There are hundreds of power plants in 

the US that can provide waste heat 

and (CO2) emission to a substantial 

greenhouse industry, helping to 

develop a new agricultural sector.

“
”

Source:  L. Kren, “Power Plant Takes On a New Meaning,”Machine Design, 

Dec 16, 2004, p. 100 



Fortune Magazine – Can farming save Detroit?
David Whitford

December 29, 2009





SVSU Projects

• Biofuel from glycerin residues of biodiesel processing.

• Solid biofuels & biodegradable plastics from ag residues.

• Sustainable intensification by integrating renewable energy 
with aquaponics.

• Modeling geothermal heating in partly subterranean 
greenhouses of Asian design.

• Economic prospects of re-tasking waste management 
operations with greenhouse agriculture.


