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Why Reduce Fossil Fuel Use?

ÅEnvironmental reasons

ïReduce carbon emissions

ïReduce impacts of fossil fuel extraction and 

burning

ÅEconomic reasons

ïReduce input costs (sometimesé)

ÅEnergy typically ~10-15% of farm costs

ïReduce risk; enhance security, independence

ÅPrepare for energy-constrained future



US Energy Consumption by Source, 1775-2006
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KY Energy Consumption, 1960-2025
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Land, labor and energy

ÅFor 30 years US farmers have been making 

more efficient use of labor, land, and energy

ÅUS farmers tend to use more land and less labor 

than farmers in other parts of the world

ÅUS farmers tend to use less energy than farmers 

in other industrialized countries, but more 

energy than farmers in developing countries
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Proportion of national energy use

Country, year

Agriculture

(direct & 

indirect)

Food 

system Source

Sweden, 2000 2.5% 13% Wallgren & Höjer. 2009.

Energy Policy 37: 5803ï5813

USA, 1996 2.1% 10% Heller & Keoleian. 2000. Life 

Cycle-Based Sustainability 

Indicators for Assessment of the 

U.S. Food System

UK, 2005 1.9% 11% White. 2007. Carbon governance 

from a systems perspective: an 

investigation of food production 

and consumption in the UK

USA, 2002 2.0% 14% Canning et al. 2010. Energy Use 

in the U.S. Food System. USDA-

ERS Report #94.



Agriculture:

Small piece of energy pie
Å~15% of food system energy use

Å~2% of national energy use (industrialized)

ÅExceptions:

ÅMore  intensive:

ÅLivestock 

(especially cattle)

ÅHeated 

greenhouses

ÅPlasticulture

ÅLess intensive

ÅOrganic

ÅGrain

ÅSmall farms?



Red meat & dairy account for most 

food GHG emissions in US 
ÅMostly 

production, 

not transport

ÅMostly CH4

and N2O

ÅMostly not 

energy 

related

Weber et al. 2008.

Environ. Sci. & Tech. 42: 3508-3513



ÅEnergy use accounts for most 

greenhouse gas emissions in 

most of the economyé not so 

for agriculture!

US-EPA. 2010. US Greenhouse Gas

Emissions and Sinks, 1990-2008



US-EPA. 2010. US Greenhouse Gas

Emissions and Sinks, 1990-2008

Soil management, ruminant digestion & 

manure management account for most 

non-energy GHG from agriculture
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Å Realistic, achievable

Å Many successes in past 30 years

ïReduced fertilizer and pesticide use, 

more efficient input manufacturing

ï Switch from gasoline to diesel

ïHigher yields

ï Reduced tillage

Å Much yet to do

ïOrganic conversion?

ïRe-integrate animal and plant 

production?

ï Solar greenhouses?

Goals:

1. Net energy production

2. Net C sequestration



Is organic agriculture more energy 

efficient than conventional?

ÅUsually, not always

ÅMost difference due to N fertilizer

ÅExceptions are informative

ïHeated greenhouses

ïFlame weeding

Frequency

(%)

0

50

Relative energy efficiency

ïInput transport

ïLow yield



Delgaard et al. 2003. Energy balance comparison of organic and 

conventional farming. In Organic Agriculture: Sustainability, Markets, and 

Policies. CABI Publishing, OECD. 

Grazing

only

1 cut +

grazing

2 cuts +

grazing

4 cuts

N makes most of the difference



Organic production systems

tend to use less energy

Review conclusion Reference

In most field trials and studies of operating farms, 

the increase in yield for conventional production 

does not offset the extra energy used

Stolze et al, 

2000

(Review)

Organic typically uses 30-50% less energy in 

production than comparable conventional 

agriculture. It uses energy more efficiently but 

requires more labor.

Ziesemer, 2007, 

UN-FAO

(Review)

Organic agriculture performs much better than 

conventional concerning energy efficiency 

(output/input)

Gomiero et al, 

2008

(Review)



ñBecause of its reduced energy inputs, organic 

agriculture is the ideal production method for 

biofuels. 

[é] 

As the aim of biofuels is to reduce dependency on 

non-renewable energy sources and to mitigate 

environmental damage of fossil fuel emissions, 

organic production of biofuels furthers these goals 

in a way that conventional agriculture does not.ò 

Ziesemer 2007, UN-FAO



Replacing Fossil Fuels on the Farm
Å Fertilizers and pesticides 

(32%)
ï Legumes to replace 

synthetic nitrogen fixation

ï Reconnect crop and 
animal production

ï Integrated pest 
management
ÅDiversity

ÅResistant varieties

ÅPlace-appropriate 
production systems

ÅBiological control, 
botanicals

Å Diesel (27%)
ï Biodiesel

ï Equipment sized 
for task

ï Machinery 
maintenance

ï Draft power; 
human power

Å Electricity (21%)
ï Solar

ï Wind

ï Hydro

ï Biomass

Nova Scotia Windmill, Declan McCullagh



Anika Carlson-Kanyama, Sweden

15

1099

177

88

0 200 400 600 800 1000 1200

Food energy in tomato

Greenhouse tomatoes

Canned tomatoes

Fresh field tomatoes

Embodied energy            (Calories/serving)



High tunnels and row covers 

instead of heated greenhouses



Dec. 15, 2009, Smiths Grove, KY.

Paul and Alison Wieidger



March 24, 2009, Shelbyville, KY.

Ken Waters



Tomato season
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Mulching: Paper & hay

instead of plastic



Cover Cropping

ÅRye/vetch 

mix adds 

~135 lb N/ac

ÅSlow release

ÅOrganic 

matter

ÅErosion 

control

WVU organic research project
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