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Electricit y , Batteries, and F uel Cells
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Kent State Universit y Sta rk Campus

Chemistry in Our W o rld Lecture

Electrical Usage
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� P ersonal - My electric bill, � 1500 kilo w att-hours each month (>2000 in

summer with A C), o r 20,000 kwh/y ea r

� U.S. - � 4 trillion kilo w att-hours/y ea r

� Residential � 36%

� Commercial � 32%

� Industrial � 29%

� Other � 3%

Wind
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Bene�ts Limitations

�Limitless�, �F ree� energy source Not p ractical in all regions of the country

Widely available Creates noise p roblem fo r nea rb y residents

T echnology exists and is in use Sto rage/Supplemental energy source required

Wind Coverage
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blackw aterenvironmentalservices.com/news.htm

Wind P otential
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20 P ercent Wind b y 2030

� A U.S. government rep o rt pushing fo r p ro ducing 20% of all U.S. electricit y from

wind p o w er b y 2030.

� Will require 2-5% of total land a rea

O�-Sho re Wind F a rms
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Principle P o w er Inc.

� Principle P o w er Inc. develop ed �oating wind turbines

� A dvantages: Cheap er, with mo re �exible site placement

http://blackwaterenvironmentalservices.com/news.htm
http://20percentwind.org/default.aspx
http://www.principlepowerinc.com/products/windfloat.html


Size
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Sola r Energy
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Bene�ts

� �Limitless�: Energy from sunlight converted into electricit y

� Widely available and cheap (fuel only)

� Practical on small scale. (Calculato rs, small lights, ...)

Limitations

� T ends to b e ine�cient at night

� Cells still to o exp ensive and ine�cient on la rger scale (<18% at b est)

� Sto rage/Supplemental energy source required

Electricit y from Sola r Energy

Dr. Ea rley Chemistry in Our W o rld � 9 / 49

http://www.ap ec-vc.o r.jp/sola r/outline/o utl ne03. htm

Sola r Energy P otential

Dr. Ea rley Chemistry in Our W o rld � 10 / 49

www.environmentcolo rado.o rg

Home Sola r P anels
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El P aso Sola r Energy Asso c.

� Ab out $15,000 to install a system with "enough p o w er fo r an energy e�cient

refrigerato r, lights, television, stereo, and other common household appliances."

(A C not mentioned.)

� Systems have app ro x. 20 y ea r exp ected life.

Biomass
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National Renew able Energy Lab o rato ry

Union of Concerned Scientists

�Biomass is plant matter such as trees, grasses, agricultural crops o r other biological

material. It can b e used as a solid fuel, o r converted into liquid o r gaseous fo rms,

fo r the p ro duction of electric p o w er, heat, chemicals, o r fuels.� - NREL site
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Batteries
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� Catho de: Reduction (gain of electrons) o ccurs here

� Ano de: Oxidation (loss of electrons) o ccurs here

� Electrolyte: Allo ws cha rge to �o w

� 'P a rtition': Sepa rates ano de and catho de reactions to p revent �sho rt circuit�

� External Connection: Completes circuit, Supplies �p o w er�

Alk aline Cell Batteries
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� Catho de

� 2 MnO 2 + H 2 O + 2 e

� �! Mn 2 O 3 + 2 OH

�

� Ano de

� Zn + 2 OH

� �! Zn(OH) 2 + 2 e

�

� Electrolyte

� KOH (aq)

See also Energizer site

Alk aline Cell Cuta w a y
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data.energizer.com

Lithium Metal Batteries
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� Bene�ts

� Highest energy densit y

� Lo w est w eight

� Disadvantages

� Lithium reacts violently with w ater

� Usually discha rges slo w er

See also P o w erStream T echnology

Lithium Metal Overview
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www.spacep wr.jpl.nasa.gov/lithumbgr.htm



Lithium Metal Chemistry
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� Catho de

� MnO 2 + Li

+

+ e

� �! LiMnO 2

� Ano de

� Li �! Li

+

+ e

�

� Electrolyte

� Often p rop ylene ca rb onate/dimetho xy ethane

� MUST avoid w ater

Lithium-Metal Cuta w a y
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Nick el/Cadmium Batteries
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� Bene�ts

� Go o d under high-drain applications

� Long life

� Recha rgable

� Disadvantages

� Lo w er p o w er densit y

� Memo ry e�ect

Nick el/Cadmium Chemistry
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� Catho de

� NiO 2 + 2H 2 O + 2 e

� �! Ni(OH) 2 + 2 OH

�

� Ano de

� Cd + 2 OH

� �! Cd(OH) 2 + 2 e

�

� Electrolyte

� KOH (aq)

Nick el/Metal-Hydride Batteries

Dr. Ea rley Chemistry in Our W o rld � 23 / 49

� Bene�ts

� Excellent under high-drain applications

� High energy densit y

� Recha rgable

� Little �memo ry e�ects�

� Disadvantages

� Cost

� Sho rter life than Ni/Cd

NMH Chemistry
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� Catho de

� Ni(O)(OH) + H 2 O + e

� �! Ni(OH) 2 + OH

�

� Ano de

� Metal (M) is complex allo y (such as LaNi 5 )

� MH + OH

� �! M + H 2 O + e

�

� Electrolyte

� KOH (aq)



General Battery Limitations

Dr. Ea rley Chemistry in Our W o rld � 25 / 49

� Batteries p rovide energy , but where do es energy come from?

� Pro cessing of electro de materials t ypically requires mo re energy than battery

supplies.

� Electric Ca rs ma y b e less p olluting, but energy still needed to cha rge them.

� Recha rging batteries is slo w.

F uel Cells

Electrical Usage

Wind

Wind Coverage

Wind P otential

O�-Sho re Wind

F a rms

Size

Sola r Energy

Electricit y from

Sola r Energy

Sola r Energy

P otential

Home Sola r P anels

Biomass

Batteries

. F uel Cells

F uel Cells

F uel Cell Schematic

F uel Cell Animation

H 2 /O 2 F uel Cells

Methanol F uel Cells

Applications

F uel Cell P o w ered

V ehicles

Dr. Ea rley Chemistry in Our W o rld � 26 / 49

F uel Cells
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Direct conversion of �fuel� into electricit y .

� Bene�ts

� Less p olluting

� Mo re e�cient (ma yb e)

� Dream is to use H 2 from w ater as fuel

� Limitations

� Still requires fuel

� Ma y still release CO 2

� T echnology not there y et

F uel Cell Schematic
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F uel Cell Animation
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The Depa rtment of Energy has a nice animation describing ho w fuel cells w o rk.

F uel Cell Animation

H 2 /O 2 F uel Cells
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� Catho de

O 2 + 4 H

+

+ 4 e

� �! 2 H 2 O

� Ano de

2 H 2 �! 4 H

+

+ 4 e

�

� Net Reaction

2 H 2 + O 2 �! 2 H 2 O



Methanol F uel Cells
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� Catho de

3 O 2 + 12 H

+

+ 12 e

� �! 6 H 2 O

� Ano de

2 CH 3 OH + 2 H 2 O �! 2 CO 2 + 12 H

+

+ 12 e

�

� Net Reaction

2 CH 3 OH + 3 O 2 �! 4 H 2 O + 2 CO 2

Applications
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Miniature F uel Cells

Medis T echnology

Inc.

T oshiba: Smallest

DMF C

T oshiba Cellphone

NEC Flask Phone

T oshiba MP3

Protot yp e

Lenovo Thinkpad

Laptop

Samsung Laptop

Laptop Computer
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Miniature F uel Cells
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Being develop ed as a replacement fo r batteries

� Bene�ts

� Could last much longer

� Replace fuel instead of recha rge

� F uel might come from renew able sources

� Limitations

� Will require liquid (o r gaseous) fuel

� Might still release CO 2

� T echnology not (quite) there y et

Medis T echnology Inc.
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www.medistechnologies.com

�The 24-7 P o w er P ack p rovides su�cient energy to p rovide up to 30 hours of talk

time to an average mobile phone o r 60-80 hours of pla y time fo r an average iP o d.

The p o w er is su�cient (1 w att) to op erate, and cha rge, multiple times, a wide range

of the standa rd and advanced p o rtable electronic devices in the ma rk et to da y . �

T oshiba: Smallest DMF C
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www.sta rtribune.com/business/20577924. html

June 2008

�T oshiba Co rp. displa y ed a p rotot yp e of what the electronics company sa ys is the

w o rld's smallest direct methanol fuel cell in T oky o four y ea rs ago. T oshiba sa ys that

it plans to b egin p ro duction of such fuel cells within a y ea r fo r use in mobile phones

and laptop computers.�

T oshiba Cellphone
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T oshiba Cell phone: Sp ring 2009?



NEC Flask Phone

Dr. Ea rley Chemistry in Our W o rld � 37 / 49

NEC Cell Phone: This y ea r ???

T oshiba MP3 Protot yp e
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http://www.p cw o rld.com

2 Octob er 2007 - PC W o rld

�T oshiba Co rp. has unveiled a p rotot yp e version of its Gigab eat media pla y er that's

p o w ered b y a direct methanol fuel cell (DMF C) instead of a battery .�

�The p rotot yp e media pla y er, on displa y at the Ceatec exhibition in Japan, can run

fo r up to 10 hours on 10 milliliters of methanol, longer than w ould b e p ossible using

a conventional battery that w ould �t in the same space ...�

Lenovo Thinkpad Laptop
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Thinkpad with P olyfuel Methanol F uel Cell

Samsung Laptop
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www.engadget.com

13 August 2007 - Engadget

�... the latest iteration of DMF C (direct-methanol fuel cell) technology coming out

of Samsung. If nothing else, they've at least cleaned up the design of that do ck w e

last p eep ed back in Decemb er. A go o d sign that they're still intent on releasing this

one-month, re�llable battery b y the end of 2007.�

Laptop Computer
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news.cnet.com

June 24, 2008 - CNet.com

�A Califo rnia company has intro duced a 25-w att mobile fuel cell system designed to

p o w er a ruggedized laptop computer fo r up to 14 hours at a time using a single

250cc ca rtridge.�

F uel Cell P o w ered V ehicles
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Chevy Equino x
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Chevy Equino x

Video clip of current status and plans

Cadillac Provo q
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News sto ry

Cadillac Provo q w ebsite

F o rd: Edge and F o cus
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Edge: F uel Cell Hyb rid Electric Plugin F o cus: F uel Cell

Honda F CX Cla rit y
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Schematic of Honda Cla rit y

Hydrogen Pro duction
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H 2 is a high energy fuel, but requires la rge amount of energy to mak e

2 H 2 + O 2 G G G G G A 2 H 2 O + 60

cal
gram energy p ro duced

60

cal
gram energy required + 2 H 2 O G G G G G A 2 H 2 + O 2

Hydrogen Sources
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Sources ( DOE site )

� Natural Gas Refo rming: CH 4 + 2 H 2 O

G G G G G B

F G G G G G

CO 2 + 4 H 2

� Electrolysis: w ater + electricit y G G G G G A H 2 and o xygen

� Coal Gasi�cation: Simila r to natural gas refo rming

� High energy w ater splitting: Nuclea r o r sola r reaction generates heat

� Photobiological: Microb es o r algae can p ro duce H 2

� Photo electro chemical: Sola r energy used to split w ater



Batteries vs. F uel Cells
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Simila r

� Both generate electricit y

� Ano de and Catho de p resent in each

Di�erences

� F uel cells generally run with '�o w' of fuel

� F uel cells cannot b e 'recha rged'

� Net reaction of fuel cells is same as combustion
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