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Emergy Evaluation of Energy 
Alternatives.

Net Emergy, Emergy Yield Ratio, Energy 
Return on Energy Invested (EROEI)



Net Energy…

A reminder…



High Net Yield

Characteristic yield from nonrenewable 
resources



“Reality is merely an illusion, albeit a very 
persistent one.” Albert Einstein

M.King Hubbert’s Blip



“My analyses are based upon the simple 
fundamental geologic fact that initially there was only 
a fixed and finite amount of oil in the ground, and that, 
as exploitation proceeds, the amount of oil remaining 
diminishes monotonically.”
M.King Hubbert

Peak Oil…

Peak oil 1991 or 92

Peak oil 2000



The Epoch of Fossil Fuel Exploitation
(after Hubbert, 1969)
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Peak Oil…



the hydrocarbon age is 
about over.
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High Net Yield

Characteristic yield from nonrenewable 
resources

High Net Yields
Declining net 
yields



Peak Oil…

Global politics for the next two decades…
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1st  Law of Thermodynamics

Energy cannot be created or destroyed

Interaction = Energy Transform ation

100 J

20 J

108 J

12 J

All energy is accounted for...

Used energy

X



2nd  Law of Thermodynamics

In all real process (transformations), some
energy loses its ability to do work

We sometimes speak loosely 
of energy being “used up”
whereas what is really meant 
is that the potential for driving 
work is consumed, while the 
calories of energy inflows and 
outflows are the same.

2nd  Law of Thermodynamics
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When the energy cost of 
recovering a barrel of oil 
becomes greater than the 
energy content of the oil, 
production will cease, no 
matter what the monetary 
price may be.

Net Emergy…emergy costs of obtaining energy

M. K.  Hubbert



Emergy yield ratio. The ratio of the emergy yield from a process 
to the emergy costs. The ratio is a measure of how much a 
process will contribute to the economy.

Yield (Y) =R+N+F

EYR Defined…

EYR = Y
F



Emergy Yield and Extractive 
Industries



F

Y
NR

Emergy Yield, Y = NR + F
Emergy Yield Ratio, EYR =  Y / F 

Emergy Yield and Extractive 
Industries



Emergy Yield 
Ratio of Coal



Emergy Yield Ratio 
of Crude Oil



Emergy Yield Ratio 
of Natural Gas



Summary of Emergy Yield 
Ratios of Fuels

Without Labor & Services

Fuel at "WellHead"

Fuel Type EYR (w/out L & S)
Soft Coal 6.2/1
Hard Coal 10.2/1
Crude Oil 13.7/1
Natural Gas 9.9/1



Summary of Emergy Yield 
Ratios of Fuels

With Labor & Services

Fuel at "WellHead"

Fuel Type EYR (w/ L & S) Cost/ E9 J
Soft Coal 4.8/1 $1.50
Hard Coal 7.0/1 $1.68
Crude Oil 7.0/1 $5.72
Natural Gas 7.4/1 $3.00



EYR of Refined Crude Oil 
into Gasoline



EYR of Refined Crude Oil 
into Gasoline and after 

Retail Sale



EYR of Thermal Electricity 
Generation



EYR of CdTe Photo Voltaic 
System



Net Emergy…

We believe that to 
maintain society’s 

current level of 
infrastructure and 

information 
processing, a 

minimum net emergy 
of about 4/1 is 

required.



Net Emergy…conventional sources

All declining…



Net Emergy…so called renewable sources



Corn…

Corn-to-Ethanol Emergy Analysis
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Annual Capital Cost and Services
Operation & Maintenance Labor
Process and Cooling water
Electricity
Gasoline
Ammonia
Lime
Steel
Concrete
Equipment-Transport
Labor-Transport
Diesel Fuel-Transport
Drying Facility
Natural Gas
Nitrogen Fertilizer
Phosphate Fertilizer
Lime
Seeds
Potassium Fertilizer
Labor-Field
Pesticides
Agricultural Machinery
Diesel Fuel-Field

James Duncan
Mark Kalivoda

Andres G. Mirabal
Brad Walker

Christopher Zeier

EYR = 1.37



BioDiesel…
Sean King

Thiago Romanelli
Rogerio Amoeda

Tom Sentner
Ryan Brady
Tyler Nesbit

EYR = 1.67/1



Biomass to Electricity…
E. Campbell, 

J. Fleischman, 
M. Maascione, 

B. Becker,
K. Smith



Net Emergy…

Emergy Yield 
Ratio of willow 
biomass is 
barely 1/1



Net Emergy…

Emergy Yield 
Ratio of 
Sugarcane to 
Ethanol

Data from Pimentel & Patzek 2007
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Net Emergy…



Decreasing Emergy Yield Ratio of energy 
resources (USA) 

…EYR of both 
renewable and 
non-renewable 
sources



Environmental contributions to electric 
generation systems



Direct environmental contributions to 
Bioenergy systems



Direct & Indirect environmental contributions 
to Bioenergy systems



An important fact of life….

As the Net Emergy declines, the amount of 
energy used to accomplish the same 
amount of end use (eg miles driven) 
increases…

Net Emergy…

At 5/1  compared to 10/1

You can drive half as far 
for the same emergy 
investment



Giampietro, et.al 2003 …



Giampietro, et.al 2003 …



Giampietro, et.al 2003 …

Water…



Using the numbers in the previous table…
§ FL Transportation energy = 9.5 E17 J/yr
§ FL water consumption = 11.3 E 12 l/yr
§ Water required for ethanol from sugarcane = 200t/net GJ = 2 E5 

l/1 E9 J

9.5 E 17 J/yr * 2E5 l = 1.9 E 14 liters of water
1.0 E9 J/ha

This is almost 17 times current total water 
consumption in the State!!!

Water…



MTB 02/21/06

Using current estimates of water requirements for 
ethanol from sugarcane…
§ FL Transportation energy = 9.5 E17 J/yr
§ FL water consumption = 11.3 E 12 l/yr
§ Water required for ethanol from sugarcane = 30t/net GJ = 3 

E4 l/1 E9 J

9.5 E 17 J/yr * 3E4 l = 2.9 E 13 liters of water
1.0 E9 J/ha

Lower estimate…(process water only)

…almost 2.5 times current total water 
consumption in Florida!!

Water…



Using current Florida sugarcane production per 
hectare (70 GJ/ha)

FL gasoline consumption = 9.49 E 17 J/yr

9.49 E 17 J/yr = 1.35 E 7 ha of land
70 E9 J/ha

Florida LAND Area = 1.4 E7 ha

Renewable Ethanol…? LAND

Land…



Questions ?

Comments ?

Concerns?


