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Lectures and Homework 
 
Lecture 1: Introduction and Overview 
 
 
Lecture 2: Scientific Notation, Energy Overview, Efficiency, Energy 

Basics  
 
 
 
https://courses.soe.ucsc.edu/courses/ee80j/Spring16/01 
 
 look at: http://www.youtube.com/watch?v=80hLpNpmCZ8 
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Renewable Energy Sources 
around the world and in the US 

Energy use 
Energy resources 
Our options 
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OVERVIEW OF  
RENEWABLE ENERGY SOURCES 



Why are we interested in 
the renewable energy? 
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Why are we interested in 
the renewable energy? 

Depletion of fossil fuel supply 
 
Carbon emissions into the atmosphere 
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Scientific Notation 
!  Femto  (f)  10-15= 1/1000,000,000,000,000 
!  Pico  (p)  10-12= 1/1000,000,000,000 
!  Nano  (n)  10-9= 1/1000,000,000 
!  Micro  (μ)  10-6= 1/1000,000 
!  Milli  (m)  10-3= 1/1000 
!  Centi  (cm)  10-2= 1/100 
!  Deca  (dm)  101 = 10   
!  Kilo  (k)       103= 1,000 
!  Mega  (M)  106= 1,000,000 
!  Giga  (G)  109= 1,000,000,000 
!  Tera  (T)  1012=1,000,000,000,000 
!  Peta (quad ) (P)       1015=1,000,000,000,000,000 
!  Exa  (E)  1018=1,000,000,000,000,000,000 
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Energy 
� Exa = 10 18  = 1 quintillion 

Example:  
2011 Tohoku Earthquake 

 1.41 Exa Joules of energy (Ejoules)  
 

 US uses 94 Ejoules of energy/year 

 



Basic Energy Concepts 
�  International System of Units 

�  Meter 
�  Kilogram 
�  Second 

� What is the unit of energy? 
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Energy   Power 
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�  The energy supplied by 
force of one newton in 
causing movement 
through a distance of 1 
meter.  

�  Joule (J) - the unit of 
energy 

�  Energy (J) = Force (N) x 
Distance (m) 

�  The rate at which energy is 
converted from one form to 
another or transferred from one 
place to another. 

�  Watt (W) 
�  Power (W) = Energy (J) / Time 

(sec) 



1 joule 



Forms of Energy 
 
Kinetic  (thermal) 
 
Gravitational 
 
Electrical (chemical) 
 
Nuclear (fission, fusion) 



Use of kinetic energy 



                An aside on energy and power units 
 
1 MJ = 1 million joules = 948 BTU 
 

 1 BTU (British Thermal Unit) = 
 energy needed to raise 1 lb of water  
 1 degree Fahrenheit. 

 
1 horsepower = 1 HP = 745 Watts 

          = power at which a horse could turn a mill wheel 
  24 feet in diameter at 2.4 revolutions/minute 
  with a force of 180 lbs 

 
 P = 180lbs x 2.4rev/min x 2π x 12 ft. 
    = 33,000 ft lbs/min 
    = 745 kgm m/sec = 745 joule/sec = 745 watts 

 
 

  
Wa#	devised	this	unit	because	his	royal4es	paid	for		the	steam	engine	were	based	upon	the	
savings	in	coal	from	using	earlier	steam	engines,	or	for	farmers,	using	a	horse,	paid	based	upon	
the	equivalent	work	his	engine	could	do	compared	to	a	horse.	



World Marketed Energy Use by Fuel Type 
      1980-2030 

 Quadrillion BTU (1015)  
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Hansen, et.al. 

(Kilo years before 1850) 
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Who was Hansen? 
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mmmjj Oil crisis 



 
EFFICIENCY AND CAPACITY 
 
Efficiency = useful output/input x 100 (in %) 
 
Capacity = actual energy output over a fixed 
period or time/ maximum possible output 
 
Examples:  a 1MW power plant operating at 
full capacity for 1 year  would generate 
8760 MWh of output if operating at 100% 
capacity (capacity factor of 1) 
 
A 1 MW wind turbine might only produce 3000 
MWh of output in  1 year since wind doesn’t 
always blow, so its capacity would only be 
34.2%  (3000/8760) 
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What is the cost of renewable energy? (2002) 

Compared to fossil fuels         how has cost changed in last decade?  .  









For interested readers 
 
ei.haas.berkeley.edu/pdf/newsletter/2012Spring.pdf 
 
Economic discuss of comparative costs of electricity 
generation that includes subsidies, etc. 
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scaling 
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Potential Energy in 
Renewable Sources 

We need to look at the “potential” of renewable 
energy resources. 

33 



34 



35 

Horizonal axis 
(HAWT) 
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HAWT 
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Cal-Den 
summer 
school 
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Tidal Power 
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Does not include 
the ocean/algae 
based  
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Jonathan Trent/
NASA 



Algae Growing Facility Testbed at NOAA Labs in Santa Cruz  

Jonathan Trent 
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Solar Source 
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Energy Content Magnitude 

Solar Radiation on Earth 5,500,000 EJ 

Solar Radiation on lower regions on Earth 3,800,000 EJ 

Global Coal Resources 200,000 EJ 

Global Plant Mass 10,000 EJ 

Global Fossil Fuel Production 300,000 EJ 

Typical Caribbean Hurricane 40 EJ 

Hiroshima Bomb (1945) 0.000084 EJ 



Solar Irradiation 
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Cost/watt and cost/
area are important 
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Potential Contributions of Renewables  
in the UK 

E = electricity, H = heat, T = transport 





Use of Different Energy Sources 





Figure 1.6b 
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What is the energy solution? 
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