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Lecture I:  Energy and Lecture I:  Energy and 
ThermodynamicsThermodynamics
•• What is energy?What is energy?

–– Energy is the ability to do work.Energy is the ability to do work.
–– Energy is neither created nor destroyed (First Law of Energy is neither created nor destroyed (First Law of 

Thermodynamics; the Law of Conservation of EnergyThermodynamics; the Law of Conservation of Energy
–– Energy exists in many forms ( potential, kinetic) Energy exists in many forms ( potential, kinetic) EEPP + + EEKK =E =E TotalTotal
–– Kinetic energy is caused by the motion of electrons, atom, Kinetic energy is caused by the motion of electrons, atom, 

molecules, substances and objects. Examples:  electricity, molecules, substances and objects. Examples:  electricity, 
electromagnetic, sound, motion electromagnetic, sound, motion 

–– Potential energy is stored energy and the energy of position Potential energy is stored energy and the energy of position 
(gravitational energy).(gravitational energy).

–– Examples:  mechanical, chemical, gravitational, nuclear (E=mcExamples:  mechanical, chemical, gravitational, nuclear (E=mc22 ))
–– Energy can be converted from one form to another.Energy can be converted from one form to another.
–– No energy transformation is 100% efficient (Second Law of No energy transformation is 100% efficient (Second Law of 

Thermodynamics).Thermodynamics).



EnergyEnergy……continuedcontinued
•• Common units of energy/powerCommon units of energy/power

–– The The imperialimperial//U.S. unitsU.S. units for both energy and work include the for both energy and work include the 
footfoot--pound forcepound force (1.3558(1.3558 J), the J), the British thermal unitBritish thermal unit (Btu) which (Btu) which 
has various values in the region of 1055 J, and the has various values in the region of 1055 J, and the horsepowerhorsepower--
hour (2.6845 MJ).hour (2.6845 MJ).

–– The energy unit used for everyday The energy unit used for everyday electricityelectricity, particularly for , particularly for 
utility bills, is the utility bills, is the kilowattkilowatt--hourhour (kWh), and one kWh is (kWh), and one kWh is 
equivalent to 3.6equivalent to 3.6××106106 JJ (3600(3600 kJ or 3.6kJ or 3.6 MJ). Electricity usage is MJ). Electricity usage is 
often given in units of kilowattoften given in units of kilowatt--hours per year (kWh/yr). This is hours per year (kWh/yr). This is 
actually a measurement of actually a measurement of powerpower consumption, i.e., the rate at consumption, i.e., the rate at 
which energy is transferred.which energy is transferred.

–– The The caloriecalorie equals the amount of equals the amount of thermal energythermal energy necessary to necessary to 
raise the raise the temperaturetemperature of one of one gramgram of of waterwater by 1 by 1 CelsiusCelsius degree, degree, 
at a at a pressurepressure of 1 of 1 atmatm. For . For thermochemistrythermochemistry a calorie of 4.184 J a calorie of 4.184 J 
is used, but other calories have also been defined, such as the is used, but other calories have also been defined, such as the 
International Steam Table calorie of 4.1868 J. International Steam Table calorie of 4.1868 J. Food energyFood energy is is 
measured in large calories or kilocalories, often simply writtenmeasured in large calories or kilocalories, often simply written
capitalized as "Calories" (= 103 calories).capitalized as "Calories" (= 103 calories).



Power ExpenditurePower Expenditure



Energy Content of Fossil FuelEnergy Content of Fossil Fuel

•• BTU Content of Common Energy UnitsBTU Content of Common Energy Units
1 barrel(42 gallons) of crude oil = 5,800,000 Btu 1 barrel(42 gallons) of crude oil = 5,800,000 Btu 

1 gallon of gasoline = 124,000 Btu1 gallon of gasoline = 124,000 Btu

1 gallon of diesel fuel = 139,000 Btu1 gallon of diesel fuel = 139,000 Btu

1 gallon of heating oil = 139,000 Btu 1 gallon of heating oil = 139,000 Btu 

1 barrel of residual fuel oil = 6,287,000 Btu1 barrel of residual fuel oil = 6,287,000 Btu

1 cubic foot of natural gas = 1,031 Btu1 cubic foot of natural gas = 1,031 Btu

1 gallon of propane = 91,000 Btu1 gallon of propane = 91,000 Btu

1 short ton of coal = 20,754,000 Btu1 short ton of coal = 20,754,000 Btu

1 kilowatt hour of electricity = 3,412 Btu 1 kilowatt hour of electricity = 3,412 Btu 



Lecture I:  Sustainable Energy:  Lecture I:  Sustainable Energy:  
Why are we in an Why are we in an 
energy/environmental crisis today?energy/environmental crisis today?
•• Cultural transitions and energyCultural transitions and energy

–– Paleolithic human culture (prePaleolithic human culture (pre--10K 10K ybpybp))
•• Hunting/gathering societies primarily used Hunting/gathering societies primarily used 

biomass.biomass.
•• Per capita energy use was low.  Per capita energy use was low.  
•• Population densities were low.Population densities were low.
•• Societies were nomadic. Societies were nomadic. 
• Energy use was 5000 to 12,000 kcal per capita per 

day in small-scale band and village societies.



Lecture ILecture I……continuedcontinued

––Neolithic CultureNeolithic Culture
•• The rise of agrarian societies The rise of agrarian societies is associated 

with an increase in per-capita energy use.
• 26,000 per capita kcal/day in pre-capitalist 

agrarian civilizations
• Biomass is still the primary fuel used in 

agrarian societies.



Lecture ILecture I……continuedcontinued

•• Industrial SocietiesIndustrial Societies
• The development of the steam engine and use of 

fossil fuels greatly increased energy use (circa 1800).
• Per capita energy use increases dramatically
• By 1970 Americans were using 230,000 kcal/day.
• Post-industrial per capita energy use continues to 

increase in all developed nations.
• The release of greenhouse gases/global warming 

and other environmental issues arising from fossil 
fuel use and overpopulation are root causes of our 
crisis today. 



Lecture ILecture I…….continued.continued

•• Sustainable EnergySustainable Energy
–– Sustainable energy is that which can be Sustainable energy is that which can be 

provided without change to the earthprovided without change to the earth’’s s 
biosphere.biosphere.

–– Energy technologies are sustainable if their Energy technologies are sustainable if their 
net effects on the biosphere do not net effects on the biosphere do not 
significantly degrade its capacities for significantly degrade its capacities for 
supporting existing species.supporting existing species.



Lecture I:Lecture I:…….continued.continued

•• Patterns of energy use worldwide reflect the Patterns of energy use worldwide reflect the 
distribution of wealth among nationsdistribution of wealth among nations
–– 20% of the people live in wealthy countries of 20% of the people live in wealthy countries of 

western Europe, North American and Japanwestern Europe, North American and Japan
–– The energy consumption rate in the US is 350 million The energy consumption rate in the US is 350 million 

BTU/capita; BTU/capita; ½½ that rate in Japan and western that rate in Japan and western 
Europe.Europe.

–– An equal sized group lives in China and the Pacific An equal sized group lives in China and the Pacific 
Rim countries; the energy consumption for the Rim countries; the energy consumption for the 
Chinese averages 30 million BTU/capitaChinese averages 30 million BTU/capita



Lecture ILecture I…….continued.continued

–– The rest of the world is largely underThe rest of the world is largely under--developed nations.  developed nations.  
Some nations like India have pockets of rapid Some nations like India have pockets of rapid 
development and increase energy use (15 million development and increase energy use (15 million 
BTU/capita annually).  Most citizens in rural agrarian BTU/capita annually).  Most citizens in rural agrarian 
economies are still using biomass as the primary fuel.economies are still using biomass as the primary fuel.

–– In most developed nations the primary fuels are fossil In most developed nations the primary fuels are fossil 
fuels.  In the US 25% of the total energy consumed is fuels.  In the US 25% of the total energy consumed is 
for electrical generation.  50% of that generation is for electrical generation.  50% of that generation is 
produced by coal combustion.    The rest of the energy produced by coal combustion.    The rest of the energy 
use is met by direct fossil fuel consumption.  Renewable use is met by direct fossil fuel consumption.  Renewable 
sources of energy are token in their contribution to sources of energy are token in their contribution to 
overall energy consumption.overall energy consumption.



World Energy ConsumptionWorld Energy Consumption



Energy consumption per capita versus the GNP per capita



Energy Intensity (energy Energy Intensity (energy 
use/$GNP)use/$GNP)



Worldwide Energy SourcesWorldwide Energy Sources



U.S. Primary Energy Consumption by Source and U.S. Primary Energy Consumption by Source and 
Sector,Sector, 20072007
(Quadrillion Btu)(Quadrillion Btu)



Renewable Energy SourcesRenewable Energy Sources



Available Renewable EnergyAvailable Renewable Energy



Environmental Hazards of Energy Environmental Hazards of Energy 
Supply TechnologiesSupply Technologies



HazardsHazards……continuedcontinued



Time Scales for Known Time Scales for Known 
Environmental Effects of Energy Environmental Effects of Energy 
Production and UtilizationProduction and Utilization



Proposed Responses to Proposed Responses to 
Environmental DamageEnvironmental Damage


