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US Energy Flow Diagram 

Source: https://flowcharts.llnl.gov/ 



 

Exergy resources of planet Earth (TW) 



ÅExergy is the useful portion of energy that allows us to do work and 

perform energy services.  

ÅEnergy is conserved, but exergy is not. 

 

 

 

 

 

 

ÅExergy is available only in materials and flows we call resources and is 

converted into exergy carriers convenient to use in our homes, vehicles, 

and factories 

ÅExergy is calculated from thermodynamic properties of a substance relative 

to the properties of a reference environment 

Exergy 
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  Data in the maps are of three types: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are available on the GCEP website at: 

http://gcep.stanford.edu/research/exergycharts.html  

Components of Exergy and Carbon Data 

 

 

ÅCarriers are mediums through which exergy and/or 

carbon flow through the system.  

ü The flow of exergy and carbon through carriers is 

measured in units of watts (joules/second) and 

kilograms/second, respectively. 

ÅTransformations are processes by which exergy and 

carbon are passed from one carrier to another. 

ü A loss of exergy is incurred due to inherent inefficiencies 

of energy conversion but the total mass of carbon is 

conserved throughout the system. 

ÅAccumulations are stores of exergy and/or carbon, 

measured in units of joules and kilograms, respectively.  

ü Maybe primary resources or intermediate stores 



 

What resources can we use? 

Exergy flow of planet Earth (TW) 

Exergy is energy that can be converted to another 

useful form:  electricity, mechanical work, or heat. 

Current Global Exergy Usage 

Rate ~ 15 TW (0.5 ZJ per year) 



Resources vs Reserves 

ÅA resource estimate is always larger than what will be 

recovered or converted for use ï the resource is everything 

ÅA reserve is always less than what is likely to be 

recovered/converted over time ï this is a fraction of the 

resource that can be recovered at a given economic cost 

ÅExample:  crude oil.  Resource estimates include fields still to 

be discovered.  Reserves are estimated initially based on 

appraisal wells drilled.  As new wells are drilled and production 

experience is gained, reserves often grow. 

ÅDividing the resource estimate by current rate of use 

overstates the time to depletion and prices change é 

ÅDividing reserves by current rate understates it. 

ÅSome resources may never be recovered (uranium in sea 

water) 



Renewable Global Exergy Flows 
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Exergy sources scaled to average consumption in 2004 (15 TW) 
From Hermann, 2006: Quantifying Global Exergy Resources, Energy 31 (2006) 1349ï1366 
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Global Exergy Stores 

From Hermann, 2006: Quantifying Global Exergy Resources, Energy 31 (2006) 1349ï1366 
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Å All energy systems start with some primary energy resource and 
convert it to some  more useful energy service 

Å All energy conversions are less than 100% efficient:  well engineered 

systems exceed 50% of theoretical max 

Å Example ï IC automobiles:  primary resource is petroleum Ÿ gasoline 

(~85%) Ÿ internal combustion engine Ÿ mechanical work (16-32%) 

Ÿ waste heat ï well to wheel efficiency14-27% 

Å Conversions that preserve exergy have higher value 

Nuclear ï 30% Coal ï 30-40% Solar ï 15% Natural Gas ï 40-60% Wind ï 50% 

Source: US EIA, http://www.eia.doe.gov/cneaf/electricity/epa/epata6.html 

Average Conversion Efficiencies 

Energy Conversions 
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Savery, Newcomen (<0.5%)

Watt/Boulton Steam Engines

Post-Watt Steam Engines

Lenoir, Hugon Coal-Gas Engines

Otto/Langen Coal-Gas Engines

Atkinson, Tangye Coal-Gas Engines

Banki Spirits Engine

Priestman's Oil Engine

Diesel's Oil Engines

Automotive SI Engines

Truck Diesel Engines

Large Bore DI Diesels

Steam Turbines

Gas Turbine/Steam Turbine

Polymer Electrolyte Membrane FC

Phosphoric Acid Fuel Cells

SOFC/Gas Turbine

Conversion Efficiency of ñEnginesò 

50% 

Source:  C. Edwards, GCEP 



Global Exergy and Carbon Flows 

Source:  W. Hermann, GCEP Systems Analysis Group 2004.  



Exergy flow through conversions 1 


