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The Baghdad Battery  
The Baghdad Battery is believed to be about 2000 
years old (from the Parthian period, roughly 250 
BCE to CE 250). The jar was found in Khujut 
Rabu just outside Baghdad and is composed of a 
clay jar with a stopper made of asphalt. Sticking 
through the asphalt is an iron rod surrounded by 
a copper cylinder. When fi lled with vinegar – or 
any other electrolytic solution - the jar produces 
about 1,1 volts. 

There is no written record as to the exact 
function of the jar, but the best guess is that it was 
a type of battery. Scientists believe the batteries 
(if that is their correct function) were used to 
electroplate items such as putting a layer of one 
metal (gold) onto the surface of another (silver), a 
method still practised in Iraq today.
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
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Introduction

Electrical energy plays an important role in our daily 
life. It can be universally applied and easily converted 
into light, heat or mechanical energy. A general 
problem, however, is that electrical energy can hardly 
be stored. Capacitors allow its direct storage, but the 
quantities are small compared to the demand of most 
applications. In general, the storage of electrical energy 
requires its conversion into another form of energy. 
In batteries the energy of chemical compounds acts 
as storage medium and during discharge a chemical 
process occurs that generates energy which can 
be drawn from the battery in the form of an electric 
current at a certain voltage. For a number of battery 
systems this process can be reversed and the battery 
recharged. In other words, the intake of electric energy 
can restore the chemical composition that contains 
higher energy and can closely re-establish the original 
structures within the battery. 

As a consequence, two different battery systems exist: 
Primary batteries that are designed to convert their 
chemical energy into electrical energy only once, and 
secondary batteries are reversible energy converters 
and designed for repeated discharges and charges. 
They are genuine electrochemical storage systems.

There is no clear border between them, and some primary 
battery systems permit charging under certain conditions. 
Usually, however, the extent to which primary batteries can 
be recharged is limited. Batteries of larger capacities are 
employed as standby batteries in stationary applications, 
and provide energy in vehicles like forklift trucks, or 
stabilise an electrical network like the starter battery in 
motor cars. Rechargeable batteries usually are the choice 
in such applications, since primary batteries would be too 
expensive for the required rather high capacity. Batteries 
in portable applications have smaller capacities. In this 
field primary as well as secondary batteries are used.

This material was obtained from the Battery Technology Handbook. Learners - if you use any part of it you need to write it in your own words and include the 
following in your reference list: Kiehne, H. A. (Ed.) 2003. Battery Technology Handbook - Second Edition. Marcel Dekker Inc. New York.

DID YOU KNOW?

The basic element of each battery is the cell. 
The term 'battery' generally refers to several 

cells being connected in series or in parallel, but 
in everyday language single cells are also called 

'batteries'; for example the 'battery' used in a 
torch light.

WHAT IS ENERGY DENSITY? 

Energy density is the ratio of a battery's energy-
delivery capability to its mass. It is measured in 

watt-hours per kilogram (Wh.kg-1).

New technology - 
rechargeable Batteries 
22 February 2010
Until recently, rechargeable batteries would 
lose their charge quicker than non-rechargeable 
batteries. If a rechargeable was used in low-
power appliances, such as a kitchen wall-
clock, it would discharge quicker than a non-
rechargeable battery. This gave little incentive 
to purchase rechargeable batteries for low 
power consumption appliances, because they 
would lose their power in weeks rather than 
months. Now, based on a new bio-degradable 
chemical technology, the Uniross Hybrio range 
of rechargeable batteries will lose only 20% of 
their charge in a year. This makes the Hybrio 
suitable for all types of appliances, while still 
ideally suited to high-power consumption 
devices such as digital and video cameras. 

Source:  This article was published online by Creamer Media's Engineering 
News. Learners - if you use any part of it you need to write it in your 
own words and include the following in your reference list: Engineering 
News. 2010. New technology - rechargeable batteries. [Online]. Available:  
www.EngineeringNews.co.za  [27 July 2010]. 
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Energy densities of common battery chemistries: Lithium-
cobalt enjoys the highest energy density. Manganese and 
phosphate systems are thermally more stable and deliver 
higher load currents than cobalt. 
Source: BatteryUniversity.com

Lead acid NiCd NiVH Manganese
Li-ion

Phosphate
Li-ion

Cobalt
Li-ion

Will secondary batteries replace 
primaries?

Consumer market aside, the largest users of primary 
(non-rechargeable) batteries are the military, specialty 
emergency services and forest fire fighters. High energy 
density, long storage and operational readiness are among 
their strong attributes. No charging and priming is required 
before use. Logistics are simple and battery power can 
be made available at remote locations that are unmanned 
and have no electrical power. Disposal is easy because 
most primary cells contain little toxic materials.

Primary batteries have the highest energy density. Although 
the secondary (rechargeable) batteries have improved, a 
regular household alkaline provides 50% more power than 
lithium-ion, one of the highest energy-dense secondary 
batteries. The primary lithium battery used in cameras holds 
more than three times the energy of a lithium-ion battery 
of the same size. A disadvantage of primary batteries is 
their relative high internal resistance, which inhibits current 
flow. High internal resistance has little effect when powering 
low-current devices such as a television remote control or a 
kitchen clock. The problem arises with digital cameras and 
other power-hungry devices. A power drain on an alkaline 
battery would be unthinkable. The voltage would cause 
collapse. We now take the same batteries and run them 
under a load. The purple bars in the bottom graph on the 
right represent the usable energy if the batteries were used 
in a device such as a digital camera.

The advantage of secondary batteries therefore is low 
internal resistance. This allows high current on demand, 
a property that is essential for digital devices and 
instruments needing high inrush currents. Power tools, for 
example, could not be run effectively on alkaline batteries. 
However, rechargeable batteries have their limitations. 
Beside marginal energy density, secondary batteries have 
a defined shelf life and lose the ability to hold charge as 
they age. Secondary batteries have a limited cycle count. 
The number of cycles achieved is based on the depth of 
discharge, environmental conditions, charge methods and 
maintenance procedures. Each type of battery behaves 
differently in terms of aging and wear.

This material was obtained from BatteryUniversity.com.  Learners - if you 
use any part of it you need to write it in your own words and include the 
following in your reference list: Buchmann, I. 2005. Batteryuniversity.com 
- What's the best battery for wheeled and stationary applications? [Online]. 
Available: www.batteryuniversity.com/parttwo-40.htm.  [27 July 2010].

Energy comparison of rechargeable and non-rechargeable 
batteries
Source: BatteryUniversity.com

Energy comparison under load. The alkaline works well 
for a kitchen clock but fails on a digital camera.
Source: BatteryUniversity.com

DID YOU KNOW?

An ampere-hour or amp-hour (symbol Ah or 
A h) is a unit of electric charge. One ampere-hour 

is equal to 3 600 coulombs (ampere-seconds), 
the electric charge transferred by a steady 

current of one ampere for one hour. The unit of 
milliampere-hour (mAh or mA h) is often used. 

This refers to one-thousandth of an ampere-hour, 
or 3,6 coulombs.

Type Voltage Rechargeable?

Dry cell 1,5 No

Alkaline 1,54 No

Mercury 1,3 No

Lithium-iodine 2,8 No

Lead storage 2,0 Yes

Nickel-cadmium 1,46 Yes

A comparison between different types of battery
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




     

        
         
       


       





     








      
   
         
       
 







 
   
      
        
         



        

        

       


        
        
      
        
      
          
     
     

       
        


    


  


 





















 
 
 
 
 
 
 
 



 








       
   
      
       
 
       
      
      

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










β






- +











l

+
-

 










l




+







-















 





       
        














        

  






       

   















        


       


       





         
         
      
        
          
         
   
       



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


  
























 











      
          

 
      


       
     

      





    
     
  






       
     
     
     
       
     


    
     
      
      
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







l














• 
    

  


• 
  

        

























 



      
       
      
       

  

        
         
         




     
   

       

  
       


        

        






l




l






•         

         


  
        


• 





• 
• 
• 


• 
• 
• 

         
      

      
 
       






           
      


































 



  
        
        
 
        












   
        




















        




       
      
      
        
       
       
         
         





















•         


• 



• 
• 


•          

       


• 
       
      































 



  
    
        

 
      
         
      



          

       






        
        
      

  

       

        




   


     

        


































        
       
      




    













        
         
       


      
                
          
  


       

           
      






 







       
        

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        
        
       
        




















































      
       






      
     
       
     
  
      
     
     


 










        
      
       
    
      

    
       

   

       
        
         





     
       
       
   
         
       
  
     




















 






• 
•  
 
•  
 
• 



  





         

            
   




           
          


             
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

 




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
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

        
       
        

       
  



     
        


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Sony develops a
bio battery powered 
by sugar
24 August 2007
Sony has developed a biologically friendly battery 
that generates electricity from sugar in a way that's 
similar to what's found in living organisms. The 
battery generates electricity through the use of 
enzymes that break down carbohydrates, which is 
essentially sugar. The bio battery could evolve into 
an ecologically friendly device, because sugar is 
a naturally occurring energy source produced by 
plants through photosynthesis and can be found 
in most areas of the earth, Sony said. In addition, 
Sony made the battery casing of vegetable-based 
plastic. 

In other recent ecologically friendly battery 
research, scientists at the Rensselaer Polytechnic 
Institute reported that creating a paper-sized 
device that functions as a high-energy battery 
and a super-capacitor that can use human blood 
and sweat to recharge. The device is lightweight, 
thin, fl exible, and geared toward future use for 
medical implants, transportation, and gadgets. 

SA’s electric car developer out-
lines its battery-swap thinking 
4th June 2010 
In today’s pricing terms, South Africa’s Joule electric vehicle will sell at R235 000 to R285 000, with the battery, the most costly component of the car, leased at an additional R1 500 a month, says Optimal Energy spokesperson Jaco van Loggerenberg. The Joule electrical car will be in showrooms in 2013.
The Joule buyers will not own the lithium-ion battery, but only the vehicle body. It also means that owners may be able to swap a depleted battery for a fully charged one in around a minute, instead of waiting for the battery to charge – if such a system is introduced along with the Joule. Optimal Energy is working towards the large-scale manufacture of fully electric cars for the local and exports markets. The company is headquartered in Cape Town. The fi rst test Joules are being hand-built near Port Elizabeth by Hi-Tech Automotive, which is responsible for building a marketing and test fl eet of about 100 vehicles. These will double as research and development units, some of which will be on South African roads by the start of the Soccer World Cup on June 11. Full-scale production of the Joule will begin at the end of 2012. Key design goals for the fi nished product include a range of 230 km to 300 km before recharging is required, a freeway cruising capability, as well as seating for fi ve.
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   














































 




   
         



     

       
 
      




        
      
        
       
       

  


        
       
        
      
     
        
         
       
      
       
        






          

        
    




       
        
        
 
       
       

        
      
       







         
     

   






           





      
  








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Andrew Nusca, 30 November 2009
The new biodegradable battery made of 
cellulose promises to offer thin, fl exible, 
lightweight, inexpensive and environmentally-
friendly batteries made without metal parts. 

The battery is made from green algae known 
as Cladophora, found along freshwater beaches 
around the world.

The new batteries consist of very thin layers of 
conducting polymer — just 40 to 50 nanometres, 
or billionths of a metre, wide  — that coat algae 
cellulose fi bres just 20 to 30 nanometres wide, 
collected into paper sheets.

The batteries are said to hold 50 to 200 percent 
more charge than similar conducting polymer 
batteries. With more optimisation, the batteries 
could compete head-to-head with commercial 
lithium batteries, found in consumer electronics 
such as mobile phones and laptop computers, 
according to the researchers.

The new batteries could be used in applications 
such as fl exible electronics (e.g. e-book readers), 
clothing and packaging. 

New thin, fl exible, light battery 
could bring intelligence to 
wallpaper, clothing
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