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Concept QuickStart – Fuel Cells 

 

Unit: Unit 2: Electrochemistry  

Subject: For CBSE Class 12 Chemistry 

--------------------------------------------------------------------------------  

Section 1: UNDERSTANDING THE CONCEPT 

Before diving into the specific definitions and reactions you will need for your exams, it is 
crucial to first build a strong, intuitive understanding of what a fuel cell is and why it exists. 
Grasping the core concept makes memorizing the details much easier and helps you apply 
the knowledge to unfamiliar problems. 

1.1 What Is a Fuel Cell? (Core Idea and Anchor Definition) 

At the simplest level, imagine a device that performs a controlled, continuous chemical 
reaction to generate electricity directly, with water often being the only byproduct. 

Inside the cell, a fuel like hydrogen gas (H₂) is fed to one electrode (the anode), and an oxidant 
like oxygen gas (O₂) is fed to the other (the cathode). The fuel molecules are catalytically split 
into protons and electrons. The electrons are forced to travel through an external circuit, 
creating an electric current, while the protons travel through a special material called an 
electrolyte. At the cathode, the protons, electrons, and oxidant combine to form a waste 
product, which in a hydrogen-oxygen fuel cell is simply water. 

A fuel cell is a galvanic cell that is designed to convert the energy from the combustion of 
fuels like hydrogen, methane, etc., directly into electrical energy. 

A common misunderstanding is that a fuel cell is a type of battery. This is incorrect. A battery 
is a closed system that stores a fixed amount of chemical energy and stops working when its 
reactants are consumed. A fuel cell is an open system that operates continuously as long as 
fuel and oxidant are supplied from an external source. 

1.2 Why Fuel Cells Matter 

Fuel cells represent a major advancement in energy conversion technology. Their primary 
importance lies in their high efficiency and environmentally friendly operation. Unlike thermal 
power plants which first burn fuel to produce heat and then use that heat to generate 
electricity (with an efficiency of around 40%), fuel cells convert chemical energy directly into 
electrical energy with efficiencies of up to 70%. Furthermore, their only byproduct is often 
water, making them a non-polluting energy source. For your board exams, this is a frequently 
tested topic, particularly concerning its advantages over traditional batteries and combustion 
engines. 
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1.3 Why This Concept Exists 

The concept of fuel cells solves a fundamental problem in energy generation: the need for a 
device that can convert chemical fuel into electricity continuously and with high efficiency, 
without the polluting and inefficient intermediate step of combustion. We could not explain 
direct, sustained electrochemical energy generation from an external fuel source without this 
concept. Their development was significantly driven by the practical needs of the US space 
program, including the Apollo missions, which required a lightweight, efficient, and reliable 
power source for long-duration flights. Real-world applications have since expanded to 
include experimental power for vehicles like buses, providing power in remote locations, and 
use in large-scale power plants. 

1.4 Analogies and Mental Image 

A helpful analogy for a fuel cell is a hydroelectric dam. In a dam, the potential energy of water 
stored at a height is converted into electrical energy as it flows through a turbine. The flow of 
water is continuous as long as the river feeds it. 

• The river providing water is like the external fuel supply (e.g., hydrogen tank). 

• The water (H₂O) itself is like the fuel (H₂). 

• The turbine that generates electricity is like the anode and cathode where the 
electrochemical reaction occurs. 

• The dam structure that channels the water is like the electrolyte membrane that 
directs the flow of ions. 

An alternative way to think of it is as "reverse electrolysis." In electrolysis, you use electricity 
to split water into H₂ and O₂. In a fuel cell, you combine H₂ and O₂ to produce water and 
electricity. 

Picture this: A central, thin, moist membrane (the electrolyte). On one side, a stream of tiny 
hydrogen molecules (H₂) arrives at a porous electrode. A catalyst on this electrode surface 
aggressively rips each H₂ molecule apart into two protons (H⁺) and two electrons (e⁻). The 
protons, which are just naked nuclei, are small enough to push their way through the 
membrane to the other side. The much larger electrons are blocked and forced to take a 
detour through an external wire. On the other side of the membrane, a stream of oxygen 
molecules (O₂) waits at the second electrode. As the protons emerge from the membrane and 
the electrons arrive from the wire, they combine with the oxygen to form pure water (H₂O), 
which flows away. The forced detour of the electrons is the electric current that powers a 
device. 

This is what a fuel cell looks like in your mind's eye. 

1.5 Everyday Context and Applications 
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An observable lab phenomenon that demonstrates the principle of a fuel cell in reverse is the 
electrolysis of water. When you pass a direct current through water (with a little acid or salt 
added), you see bubbles of hydrogen gas forming at the negative electrode (cathode) and 
oxygen gas at the positive electrode (anode). This happens because electrical energy is 
forcing the non-spontaneous breakdown of water. A hydrogen fuel cell simply reverses this 
process, taking the separated hydrogen and oxygen and allowing them to spontaneously 
combine to form water, releasing that stored chemical energy as electricity. 

A specific technology that uses this is a hydrogen-powered bus. Inside the bus, tanks of 
compressed hydrogen gas continuously supply H₂ to the anode of a fuel cell stack. Oxygen 
from the air is supplied to the cathode. The fuel cell generates electricity on-demand to power 
the bus's electric motor. The only emission from the tailpipe is water vapour, making it a zero-
emission vehicle at the point of use. 

You might think that any device producing electrical energy must create some harmful waste. 
But actually, the hydrogen-oxygen fuel cell produces only pure water. This is because the 
overall reaction is the simple and clean formation of water from its elements (2H₂ + O₂ → 
2H₂O). There are no carbon atoms to form CO or CO₂, and no other impurities to create 
pollutants, making it one of the cleanest energy technologies available. 

With this conceptual foundation in place, let's now turn to how this topic is presented in your 
NCERT textbook. 

--------------------------------------------------------------------------------  

Section 2: WHAT THE TEXTBOOK SAYS (NCERT) 

For success in the CBSE board exams, mastering the information as presented in the NCERT 
textbook is non-negotiable. This section isolates the key definitions, statements, and 
examples you are expected to know. 

2.1 NCERT Key Statements 

• Fuel cells are a type of galvanic cell specifically designed to convert the energy of fuel 
combustion directly into electrical energy. 

• Unlike conventional batteries, the reactants (fuel and oxidant) are not stored inside the 
cell but are continuously supplied to the electrodes from an external source. 

• A major advantage of fuel cells is their high efficiency; they can achieve about 70% 
efficiency, compared to the approximately 40% efficiency of thermal power plants. 

• Fuel cells are pollution-free because the reactants combine directly without 
combustion, and the products (like water in an H₂-O₂ cell) are harmless. 
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• The electrodes in a fuel cell, such as the hydrogen-oxygen cell, are typically porous 
carbon containing suitable catalysts like finely divided platinum or palladium to 
accelerate the reaction rates. 

• The electrolyte used is typically a concentrated aqueous solution, for example, 
aqueous KOH or NaOH, which is contained between the electrodes. 

2.2 NCERT Examples and Distinctions 

The primary example detailed in the NCERT textbook is the hydrogen-oxygen fuel cell. 

• Significance: This specific type of fuel cell was famously used in the Apollo space 
program to provide both electricity and a source of clean drinking water for the 
astronauts, as the water produced by the cell was a valuable byproduct in space. 

• Reactions: 

o Cathode: O₂(g) + 2H₂O(l) + 4e⁻ → 4OH⁻(aq) 

o Anode: 2H₂(g) + 4OH⁻(aq) → 4H₂O(l) + 4e⁻ 

o Overall Reaction: 2H₂(g) + O₂(g) → 2H₂O(l) 

The key distinction made is between fuel cells and other galvanic cells (batteries): 

• Fuel Cells: Operate continuously as long as reactants are supplied. 

• Batteries: Store a finite amount of reactants and are discarded or recharged once 
these are consumed. They "run down" over time. 

Now that we have covered the official textbook material, the final step is to solidify this 
knowledge and ensure you can recall it accurately under exam pressure. 

--------------------------------------------------------------------------------  

Section 3: CLARITY AND MEMORY 

This final section is designed to reinforce your learning and ensure long-term retention. We 
will address common points of confusion and introduce simple, effective memory tools to 
help you master the concept of fuel cells. 

3.1 Key Clarity Lines 

• A fuel cell is a galvanic cell, not an electrolytic cell; it produces electricity from a 
spontaneous reaction. 

• Fuel cells are not batteries; their reactants are supplied externally and they do not "run 
down" or need recharging. 

• The anode is where oxidation occurs (fuel is consumed); the cathode is where 
reduction occurs (oxidant is consumed). 
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• Efficiency is a key advantage; fuel cells can reach ~70% efficiency, far higher than 
thermal plants (~40%). 

• The overall reaction in a hydrogen-oxygen fuel cell is simply the formation of water: 
2H₂(g) + O₂(g) → 2H₂O(l). 

• Catalysts (like platinum) are essential for the electrode reactions to occur at a useful 
rate. 

3.2 How to Remember Fuel Cells 

• Mnemonic: Remember AOC for the anode reaction. It stands for Anode is for 
Oxidation and Consumption of fuel. This helps you correctly place the hydrogen 
reaction at the anode in an H₂-O₂ cell. 

• Memorable Phrase: Think of a fuel cell as "a power plant, not a can." A can (like a 
battery) has everything sealed inside and eventually becomes empty. A power plant 
has fuel continuously piped in to generate power. This phrase instantly corrects the 
common misconception that a fuel cell is a type of battery. 

• Physical Gesture: To remember the overall process in an H₂-O₂ cell, hold your left 
cupped hand out to represent hydrogen (H₂) and your right cupped hand out to 
represent oxygen (O₂). Slowly bring them together to represent them combining in the 
cell, and interlock your fingers to represent the formation of water (H₂O). This physical 
action reinforces that the inputs combine to create a single, clean output. 

• Extreme Association: To avoid mixing up the anode and cathode, imagine you get it 
wrong on an exam. Because you put the fuel in the wrong place, the entire reaction 
runs in reverse. An astronaut in a spaceship powered by your faulty fuel cell design 
suddenly sees the ship's water supply being sucked away and splitting into explosive 
hydrogen and oxygen gas. Getting the anode/cathode right powers the ship; getting it 
wrong is a disaster. Remember this, and you won't forget that the fuel (H₂) is oxidized at 
the anode. 

 


