
How to power your 
smartphone for a 
week! 
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What is a battery? 

• A device that stores chemical energy in 
its active materials and converts it, on 
demand, into electrical energy by 
means of an electrochemical reaction 
– Electrochemical reaction is a chemical 

reaction involving the transfer of 
electrons 

 

• Batteries are made up of one or more 
basic electrochemical units called 
cells. 
– Cells are usually connected in series 

to increase the voltage.  
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Types of batteries 

• Primary batteries are used once and thrown 
away, like the alkaline batteries used in 
portable CD players 
– Electrochemical reactions are not reversible 

and active materials cannot be restored to 
their original state. 
 

 

• Secondary (or rechargeable) batteries can be 
used many times, like the battery in cell 
phones and laptop computers 
– The electrochemical reactions are reversible, 

and the active materials can be restored to 
their original chemical composition. 
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US-canada Manufacturers

		State		Number						600mile radius

		Source		Source ThomasNet®		Census

		Includes		all		above 100		Ratio

		Alabama		1				0%		1

		Alberta						0%								Census data speaks about 184 establishments in 2002 and 177 establishments and 129 firms in 2004 with more than 100 employees.

		Arizona		7				0%

		Arkansas		2		1		50%		2

		British Columbia						0%

		California north		17		21		124%

		California south		45				0%

		Colorado		7		6		86%

		Conneticut		15		7		47%

		Delaware		3		1		33%		3

		DC		1				0%		1

		Florida		32		4		13%		32

		Georgia		10		9		90%		10

		Idaho		1				0%

		Illinois		26		13		50%		26

		Indiana		6		5		83%		6

		Iowa		3		3		100%

		Kansas		5		4		80%		5

		Kentucky		3		2		67%		3

		Louisiana		4		2		50%		4

		Maine		3				0%

		Maryland		7				0%		7

		Massachusetts east		29		4		14%

		Massachusetts west		3				0%

		Michigan		9				0%		9

		Minnesota		5				0%

		Mississippi		1		1		100%		1

		Missouri		2		8		400%		2

		Nebraska		2				0%

		Nevada		1				0%

		New Hampshire		5				0%

		New Jersey north		25		7		28%		25

		New Jersey south		9				0%		9

		New Mexico		4				0%

		New York metro		41		10		24%		41

		New York upstate		19				0%

		North Carolina		20		9		45%		20

		Nova Scotia						0%

		Ohio north		9		7		78%		9

		Ohio south		6				0%		6

		Oklahoma		5				0%

		Ontario						0%

		Oregon		10		2		20%

		Pennsylvania		23		7		30%

		Puerto Rico						0%

		Quebec						0%

		Rhode Island		6				0%

		South Carolina		5		2		40%		5

		Tennessee		5		7		140%		5

		Texas north		25		10		40%

		Texas south		23				0%

		Vermont		3		1		33%

		Virginia		11				0%		11

		Washington		9				0%		9

		West Virginia		1				0%		1

		Wisconsin		8		9		113%

		Other				22		0%		0

		Total		522		184		35%		253		0.4846743295





Employment ratios

				Firms		Establishments		Employees						Census 2004

		All Firms		129		177

		no employees		8		8

		1-4 emp		30		30		67

		5-9 emp		20		20		136

		10-19 emp		15		15		202

		20-99 emp		18		18		811

		100-499 emp		18		26		3054

		more than 500		20		60		22759

		500-749 emp		3		4

		1000-1499 emp		2		3

		1500-2499 emp		3		9		1971

		more than 2500		12		44		17893





Global demand

		Year		Global Demand		23%		US market		Asia		China				Estimated Scenarios

				(B $)														US growth		US market		China growth		China market		World growth		US global part		China global part

		2010		73.4301254549		16.8889288546										2010				15.7346824233				16.0358280225		6.90%		21.43%		21.84%

		2009		68.6904821842		15.7988109024										2009				15.1295023301				12.5279906426				22.03%		18.24%

		2008		64.2567653734		14.7790560359										2008				14.5475983944				9.7874926895				22.64%		15.23%

		2007		60.1092286		13.825122578		14								2007				13.9880753792				7.6464786637				23.27%		12.72%

		2006		56.2294		12.932762										2006				13.45007248				5.973811456				23.92%		10.62%

		2005		52.6		12.098		12.932762		22.49176		4.6670402				2005		4%		12.932762		28%		4.6670402				24.59%		8.87%

		Freedonia

		Statement: by 2010 China bigger than US

		World battery demand 2005

		North America		23%

		Asia/Pacific		40%

		Western Europe		22%

		Other Regions		15%
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Battery percentage

		Sanyo		1077

		Sony		731

		MBI		450

		SDI		290

		SGS		207

		BYD		202

		LGC		201

		ATB		142

		NFC		140

		Maxell		103

		Lishen		54

		ATL		36

		E-One		31

		TCL		25





Battery percentage

		



Million US $



Fuel and energy

				Wh/L		US$/Wh

		1991		204		3.17

		1992		208		2.63

		1993		250		2.9

		1994		260		1.75

		1995		271		1.71

		1996		281		1.24

		1997		292		0.95

		1998		321		0.59

		1999		343		0.51

		2000		386		0.42

		2001		428		0.35

		2002		471		0.35

		2003		471		0.33

		2004		514		0.31

		2005		514		0.28





Fuel and energy

		



Wh/L

Energy density (Wh/L)



		



US$/Wh

Energy costs (US$/Wh)



		

		Secondary		11800

		Primary		6000

		Lead acid		6000

		NiMH

		LiIon



Cost

Energy density



		





		Year		Electric quantity		Electric cost		Fuel cost		Total		Shipments		Cost of material

				(1000 kWh)		(1000 $)		(1000 $)		(1000 $)		(1000$)		(1000 $)

		2005		1827006		98381		33032				6662153		3309344

		2004		1786070		88699		26561				6020952

		2003		1827995		92829		25813

		2002		1917856		94522		23927

		2000		2197803		113031		29714

		1999		2165921		106315		25145

		1998		1913199		98012		25274

		1997		2134936		115888		27116

		1996		1675700		83800		18900

		1995		1675900		85300		18000

		1994		1632500		81400		19200

		1993		1636200		88100		19500





		



Costs for consumed fuel

Costs for consumed electrical energy

Electric cost (1000 $)

Fuel cost (1000 $)

Million Dollars
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Widely used rechargeable batteries 

• Lead acid (30-40 Wh/kg, 70-92% eff., 2V) 
– Over 100 years old, and still the most widely used 

rechargeable battery in the world. 

 

• Nickel metal hydride (30-80 Wh/kg, 66% eff., 1.2 V) 
– A high power battery chemistry similar to nickel cadmium, 

introduced in the 1980s.  It is environmentally friendly, 
contains no toxic cadmium, and is replacing NiCd in many 
applications.  
 

 

• Lithium ion (160 Wh/kg, 99.9% eff., 3.6-3.7V) 
– The newest and fastest growing rechargeable battery 

technology. 
– Theoretical capacity: 150-275mAh/g 

 
Main concerns: large volumes, liquid 

technology, leakage, and toxicity 

Market share 
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Real batteries 
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Research batteries at ORNL 
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Actual technology and materials 

 Specific Energy, Wh/kg 
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Cell potential 

© pinkmonkey.com 
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Cell energy 

• Capacity x voltage 
• Cut off voltage is 

controlling available 
energy but also 
limiting access for 
safe operation 

Overcharge 

Overdischarge 



11 Presentation name 

Lithium ion battery principle 

Li+ + e- + MeO2 → LiMeO2 LiC6 → Li+ + e- + C6 
Discharge 
reaction: 

Cathode Anode 
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• D. Howell, Energy Storage Research and Development, Annual 
Progress Report 2006 

• FreedomCAR and Fuel Partnership and United States Advanced 
Battery Consortium, Electrochemical Energy Storage Technical 
Team Technology Development Roadmap (Southfield, MI: 
USCAR, 2006). 

Hybrid electric 
vehicles (HEV) 

Plug-in Hybrid electric 
vehicles (PHEV) 

Development targets and accomplishments 
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Fruit battery – Natural galvanic 
element 
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Have fun and stay safe! 
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