
Chapter 13 
Achieving Energy Sustainability 



Tidal Power �
Energy from the Moon �

in areas with large differences between �
high and low tides.	



What is renewable energy? 

	

©  Renewable energy can be rapidly regenerated, and 
some can never be depleted, no matter how much of 
them we use.  

	





Major Sources and 
Uses of Energy	



Energy Use	
Global	 United States	

Notice that in the US, over 80% of our renewables comes from	
Biomass and Hydroelectric…others are minor sources.  	



How can we use less energy? 

©  Energy conservation- finding ways to use less 
energy.  For example, lowering your thermostat 
during the winter or driving fewer miles. 

©  As Individual Consumers – tiered rate system…
lower rates at first, rate increases as usage increases. 

©  Gov’t programs – higher taxes on fossil fuels, tax 
credits to replace old appliances, invest in smart 
grid tech.  

©  Gov’t mandates – increase energy efficiency (ex: 
mpg), require some % of “green energy”.   





Benefits of Conservation and 
Efficiency 

©  Many energy companies have an extra backup 
source of energy available to meet the peak demand, 
the greatest quantity of energy used at any one time. 

©  Reducing Peak Demand to counter the need to build 
excess capacity. 

©  As to the 2nd Law…if efficiency of coal or nuclear is 
30%, then if we can save 100 kWh of use, we save 
300 kWh of energy resource, such as coal.  



Sustainable Design 
©  Improving the efficiency of the buildings we live 

and work in.  



Passive Solar Energy 

©  Design elements: 

©  South-facing 
windows 

©  Roof overhang 

©  Stone/concrete 
floors and walls 

©  Double-paned and 
Argon windows. 

©  Efficient venting and 
circulation systems. 



Sustainable Design: California Academy of Sciences 	

Elements:	
Natural light,	
Ventilation,	

Solar PV Panels,	
Green Roof, 	

Water capture 	



Fossil fuels, Renewable Energy, 
(including Biomass)  

are energy derived from the Sun 



Modern Carbon  vs.  Fossil Carbon 

©  Many people are confused how burning biomass such as wood is 
better then  burning coal.   

©  The carbon found in biomass was in the atmosphere as carbon 
dioxide, taken in by the tree, and by burning it we put it back into 
the atmosphere 

©  Burning coal is carbon that has been buried for millions of years 
and was out of circulation until we began to use it.  This results in 
a rapid increase in the concentration of carbon dioxide in the 
atmosphere.  



Biomass 

©  Wood, Charcoal and Manure- used to heat homes 
throughout the world. 

©  Ethanol and Biodiesel (biofuels)-  used as substitutes for 
gasoline and diesel fuel.  



The “Dark Side” of Biomass…particulates and smog	
due to use of wood-burning stoves. (Montreal, 2009) 	



The kinetic energy of water can generate 
electricity – 2nd most common form of 

renewable energy. 



China’s 3 Gorges Dam	



3 Gorges Dam 
Footprint	



Types of hydroelectric power 
systems 

©  Run-of-the-river systems- 
water is held behind a 
dam and runs through a 
channel before returning 
to the river. 

©  Water impoundment- 
water is stored behind a 
dam and the gates of the 
dam are opened and 
closed controlling the flow 
of water. 

©  Tidal systems-  the 
movement of water is 
driven by the gravitational 
pull of the Moon.   



Dam Removal �
Restoring a River	



The Sun’s energy can be captured 
directly 

©  Active solar energy- capturing the energy of sunlight with the 
use of a pump or photovoltaic cell and generating electricity. 



Active Solar Power	
Photovoltaic PV	 Solar Water Heating	





Geographic Variation in Solar Radiation	
and Solar Power Potential	



Concentrating Solar Thermal (CST)	
Power Plant  	



Solar Cookers – to reduce use of firewood	
and other biomass fuels. 	



Geothermal Heat�
Geyser, Hot Rock 	





Wind energy is the most rapidly 
growing source of electricity 

©  Wind energy- using a wind turbine to convert kinetic 
energy into electrical energy.   



Wind Turbines	





Wind Farms on Lake Erie?	



Hydrogen fuel cells have many 
potential applications 

©  Fuel cell- a device that operates like a common battery where 
electricity is generated by a reaction between two chemicals.   

 







Planning for the Future	



Energy Reconsidered	



Iceland	



Use Corn for Biofuel?	
Ethanol from Corn	

Ethanol from other 
sources…	



Comparison…	





Energy Reconsidered	


