
11

MaterialMaterial
SustainabilitySustainability

David A. Vaccari, Ph.D., P.E., CPEEDavid A. Vaccari, Ph.D., P.E., CPEE
Department of Civil, Environmental and Ocean EngineeringDepartment of Civil, Environmental and Ocean Engineering

dvaccari@stevens.edudvaccari@stevens.edu
http://http://personal.stevens.edu/~dvaccaripersonal.stevens.edu/~dvaccari//

The Loudon County SummitThe Loudon County Summit
November 14, 2008November 14, 2008



22

Food Preparation at HomeFood Preparation at Home
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Cooking in Space Cooking in Space ––
Advanced Life SupportAdvanced Life Support



44

Biosphere IBiosphere I
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What do plants need to grow?What do plants need to grow?

•• SunlightSunlight

•• Soil/substrateSoil/substrate

•• COCO22 and Hand H22OO

•• Macronutrients: N, P, KMacronutrients: N, P, K
S, Ca, MgS, Ca, Mg

•• Micronutrients: Fe, Micronutrients: Fe, ClCl, Mg, Mg
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Recoverable?
600

5 - 7

Land
plants

500-800 Soil and
detritus

1500

Atmosphere
720

Photosynthesis
and respiration
120

Deforestation,
land use change
and burning
1.4

Carbonate
rocks

10,000,000

Exchange
90

Sediments 150

Intermediate and
deep water 35,000

Ocean surface
1020

Absorption
2

Marine
Biota

3

DOC
<700

6

40
50

4
91.6

100

0.2

Rivers
0.5 - 2

The global carbon cycle The global carbon cycle ((TgTg or or TgTg/yr)/yr)

Fossil fuel
6000



88

Residence timesResidence times
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The fertilizer in the airThe fertilizer in the air
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Longer term viewLonger term view
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Atmospheric radiation balanceAtmospheric radiation balance
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A naive energy balance:A naive energy balance:
•• Current heat trapping is 2.64 W/mCurrent heat trapping is 2.64 W/m22

•• If all this went into heating the atmosphere and If all this went into heating the atmosphere and 
the top 100 meters of the ocean: the top 100 meters of the ocean: 

∆∆T = 0.26T = 0.26°°C/yearC/year

•• Heat trapping from CO2 doubling will be 4.35 W/mHeat trapping from CO2 doubling will be 4.35 W/m22

•• Resulting atmospheric heating would be:Resulting atmospheric heating would be:

∆∆T = 0.42T = 0.42°°C/yearC/year

•• Increase in the last century has been about Increase in the last century has been about 0.0070.007°°C/yearC/year

•• This is 37 times less than 0.26This is 37 times less than 0.26°°C/yrC/yr

•• WHERE DOES THE REST OF THE HEAT GO?WHERE DOES THE REST OF THE HEAT GO?
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Solar radiance does not explain the Solar radiance does not explain the 
observed temperature anomalyobserved temperature anomaly
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Reserve lifetimeReserve lifetime
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Elemental reservesElemental reserves

•• Iron Iron 300 yrs300 yrs
•• AluminiumAluminium 280 yrs280 yrs
•• TitaniumTitanium 100+ yrs100+ yrs
•• CopperCopper 40 yrs40 yrs
•• ZincZinc 35 yrs35 yrs
•• Nickel Nickel 130 yrs130 yrs
•• CobaltCobalt 333 yrs333 yrs
•• ChromiumChromium 625 yrs625 yrs

http://www.aviationindustrygroup.com/downloads/ae06rnuttall-1373-1409.pdf
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Elemental reserves considered lowElemental reserves considered low

•• Tantalum Tantalum (cutting tools, optical coating, hi(cutting tools, optical coating, hi--temp)temp)
•• Mercury Mercury (thermometers, dental, lighting)(thermometers, dental, lighting)
•• Cadmium Cadmium (reactors, batteries, solder, pigments)(reactors, batteries, solder, pigments)
•• Thallium Thallium (glasses, infra(glasses, infra--red devices)red devices)
•• Gold Gold (jewelry, circuits, reflectors)(jewelry, circuits, reflectors)
•• Silver Silver (jewelry, reflectors, photographic)(jewelry, reflectors, photographic)
•• Bismuth Bismuth (fuses, pigments)(fuses, pigments)

•• Indium Indium (bearings, electronics)(bearings, electronics)
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How long will it last?How long will it last?

Where do we get our Where do we get our 
phosphorus from?phosphorus from?

What about phosphorus?What about phosphorus?
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““Bone ValleyBone Valley”” FloridaFlorida
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How much phosphorus is left?How much phosphorus is left?
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U.S. Phosphorus Statistics (USGS)
Million metric tons
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The EarthThe Earth’’s Carrying Capacitys Carrying Capacity

Based on world grain production of Based on world grain production of 
2 billion tons per year:2 billion tons per year:

•• ““IndianIndian”” diet . . . . . . . .diet . . . . . . . .

•• ““MediterraneanMediterranean”” diet . .diet . .

•• ““AmericanAmerican”” diet . . . . . .diet . . . . . .

10 billion people10 billion people

5 billion people5 billion people

2.5 billion people2.5 billion people
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Population projectionsPopulation projections
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What can save us?What can save us?
•• New resource discoveriesNew resource discoveries

–– Unexplored regions?Unexplored regions?

•• New technologiesNew technologies
–– BeneficiationBeneficiation
–– RecoveryRecovery

•• Switch to alternativesSwitch to alternatives
–– There is no alternative for phosphorus in agricultureThere is no alternative for phosphorus in agriculture

•• ConservationConservation
–– Increase efficiency of fertilizationIncrease efficiency of fertilization
–– Prevent erosion/runoffPrevent erosion/runoff

•• RecyclingRecycling
–– Recover sludge, manure, other biomassRecover sludge, manure, other biomass
–– Collect urine and other wastesCollect urine and other wastes
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What can we do?What can we do?
Everything!Everything!

Educate yourselfEducate yourself

What is the most important What is the most important 
thing you can do?thing you can do?

Think longThink long--termtermEspecially:Especially:


