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 CHAPTER 4: Energy and Life

 Part 1 – Cellular Respiration



Energy and Life
Learning Outcomes

4.1 Describe how energy flows through an ecosystem, including conversions from one form of energy 

to another. (Module 4.1)

4.2 Relate producers and consumers to photosynthesis and cellular respiration by describing how 

energy and matter flow between the two processes. (Module 4.2)

4.7 Describe the overall process of cellular respiration. (Modules 4.7, 4.8, 4.10)

4.8 Describe the three stages of cellular respiration, including the molecules that act as the inputs and 

outputs of each stage, and the structures involved. (Module 4.8)

4.9 Relate the concept of food calories to cellular respiration and the generation of ATP. (Modules 4.7, 

4.10)



Energy and Life

• Why Do We Breathe?

• As you may know, a flow of particles can be used as a source of energy 

➢ Oxygen allows us to generate a flow of electrons (energy) in mitochondria

✓ This energy allows us to make ATP!

• In our cells, electrons ‘travel’ inside Hydrogen atoms. They cannot ‘travel’ free (just as electrons) 

so this is the easiest way for them to move from molecule to molecule (in Hydrogen atoms)









Energy and Life

• Electrons need to be carried from one molecule to the other in 

Redox Reactions (Oxidation/Reduction Reactions)

• The most important electron carrying molecule is called NAD+

(Nicotinamide Adenine Dinucleotide)

When NAD is ‘empty’, it is represented as NAD+

When NAD is ‘full’ (carrying electrons) it is represented as NADH



Energy and Life

• Electrons need to be carried from one molecule to the other in 

Redox Reactions

Electrons don’t travel 

outside of atoms, so 

‘electrons’ travel in 

Hydrogen atoms (H).

Just a proton and an 

electron



Energy and Life

• Tracking Electrons!

• We will be tracing the flow of electrons through the process of 

generating ATP from Glucose

• Molecules that ACCEPT electrons are said to be “Reduced” and the 

process is called reduction

• Molecules that LOSE electrons are said to be “Oxidized” and the 

process is called oxidation.

• As electrons flow between molecules in mitochondria, molecules will either be 

oxidized or reduced























Energy can be converted from one form to another:
Energy Transformations

4.1) Energy can be converted from one form to another.

CORE IDEA: Energy can be converted from one form to another, but it cannot be created or 

destroyed. In biological systems, chemical (potential) energy is often converted to kinetic (motion) 

energy, releasing heat energy that increases entropy.

A. Energy can be converted from one form to another.

B. Kinetic energy and potential energy

C. Chemical Energy

D. Conservation of energy

E. Entropy



Energy can be converted from one form to another:
Energy Transformations

A. Energy can be converted from one form to another.

1. Energy is defined as the capacity to do work.

2. Work is the movement of an object against an opposing force.

3. All of life’s processes are driven by converting energy from one form to 

another.



Energy can be converted from one form to another:
Kinetic energy and potential energy

B. Kinetic energy and potential energy

1. Kinetic energy is the energy of motion.

a. Analogy of a child on a slide (See figure on page 58.)

i. Potential energy is converted to the kinetic 

energy of movement down a slide.

ii. Potential (chemical) energy in food is 

converted to the kinetic energy of climbing 

up stairs.



Energy can be converted from one form to another:
Kinetic energy and potential energy

2. Potential energy is the energy an object has due 

to its location or structure.

a. Analogy of a child on a slide (See figure on page 58.)

i. High potential energy at the top of the slide

ii. Low potential energy at the bottom of the 

slide



Energy can be converted from one form to another:
Chemical Energy

C. Chemical Energy

1. Chemical energy is potential energy that is stored in molecular bonds.

a. Living organisms store energy when they make chemical bonds

b. Living organisms can release energy by breaking chemical bonds.

c. ATP (adenosine triphosphate) is the common energy type in living cells.

i. ATP → ADP + P + energy



Energy can be converted from one form to another:
Chemical Energy

C. Chemical Energy

1. Chemical energy is potential energy that is stored in molecular bonds.

a. Living organisms can store energy by making chemical bonds.

b. Living organisms can release energy by breaking chemical bonds.

c. ATP (adenosine triphosphate) is a common energy currency in living cells.

i. ATP → ADP + P + energy



Energy can be converted from one form to another:
Chemical Energy

C. Chemical Energy

1. Chemical energy is potential energy that is stored in molecular bonds.

a. Living organisms can store energy by making chemical bonds.

b. Living organisms can release energy by breaking chemical bonds.

c. ATP (adenosine triphosphate) is a common energy currency in living cells.

i. ATP → ADP + P + energy



Energy can be converted from one form to another:
Conservation of energy

D. Conservation of energy

1. Conservation of energy—Energy can be converted from one form to another 

but it cannot be created or destroyed.

2. 1st Law of Thermodynamics:

Energy cannot be created or destroyed, it can only be transformed



Energy can be converted from one form to another:
Conservation of energy

D. Conservation of energy

1. Conservation of energy—Energy can be converted from one form to another 

but it cannot be created or destroyed.

2. Power plant analogy

a. A power plant does not create 

energy. 

b. A power plant converts energy.

c. Chemical energy in coal is converted 

to electricity.

3. The total amount of energy in a 

system is constant.



Energy can be converted from one form to another:
Conservation of energy

D. Conservation of energy

1. Conservation of energy—Energy can be converted from one form to another 

but it cannot be created or destroyed.

2. Automobile analogy:

a. A car generally gets only 12.6% of 

the energy provided from fuel

b. Much of the energy is ‘lost’ to friction 

and heat loss

3. The total amount of energy in a 

system is constant.



Energy can be converted from one form to another:
Entropy

E. Entropy

1. Entropy is the amount of disorder in a system.

2. When energy is converted from one form to another, some waste is expelled 

as heat.

3. The amount of entropy increases unless considerable energy is expended to 

maintain order.

2nd Law of Thermodynamics:

During energy conversions, some energy is 

always ‘lost’  (transformed) to entropy



Energy flows through an ecosystem:
Energy Flow

4.2) Energy flows through an ecosystem

CORE IDEA: Energy enters most ecosystems as sunlight. Producers capture solar energy and use it 

to drive photosynthesis, producing sugars. Consumers then obtain energy by eating producers. The 

cells of both producers and consumers obtain energy by breaking down sugars through cellular 

respiration.

A. Energy flows through an ecosystem.

B. Producers / Consumers

C. Photosynthesis

D. Cellular respiration



Energy flows through an ecosystem:
Energy Flow

A. Energy flows through an ecosystem.

1. Nearly every organism on Earth derives its energy from the sun.

SUN LIGHT



Energy flows through an ecosystem:
Energy Flow

A. Energy flows through an ecosystem.

1. Nearly every organism on Earth derives its energy from the sun.

2. Energy flows through every ecosystem entering as sunlight and leaving as 

heat.

SUN LIGHT



Energy flows through an ecosystem:
Producers

B. Producers 

1. Producers can absorb the energy of the sun and convert it to chemical energy 

stored in sugars and other organic molecules.

a. Producers feed themselves and the rest of the community. (through photosynthesis)

b. Producers include land plants, some aquatic protists, and certain bacteria.



Energy flows through an ecosystem:
Producers

2. Consumers eat producers.

a. Consumers eat plants directly or eat organisms that eat plants.

b. Consumers include animals, fungi, and some protists.



Energy flows through an ecosystem:
Photosynthesis

C. Photosynthesis

1. Producers use photosynthesis to capture the energy of sunlight as chemical 

energy stored in sugars.

a. Ingredients: carbon dioxide (CO2) and water (H2O)

b. Product: sugar (C6H12O6) and oxygen gas (O2)

c. Occurs inside chloroplasts



Energy flows through an ecosystem:
Photosynthesis

C. Photosynthesis

1. Producers use photosynthesis to capture the energy of sunlight as chemical 

energy stored in sugars.

a. Ingredients: carbon dioxide (CO2) and water (H2O)

b. Product: sugar (C6H12O6) and oxygen gas (O2)

c. Occurs inside chloroplasts



Energy flows through an ecosystem:
Cellular respiration

D. Cellular respiration

1. All organisms (both producers and consumers) capture chemical energy

stored in sugars through cellular respiration.

a. Ingredients: sugar (C6H12O6) and oxygen gas (O2)

b. Product: carbon dioxide (CO2) and water (H2O) and ATP

c. Occurs primarily inside mitochondria.

d. ATP is used as a power source for cells.

• Only producers perform photosynthesis, but both producers and 

consumers perform cellular respiration.



Energy flows through an ecosystem:
Cellular respiration

D. Cellular respiration

This means that photosynthesis and cellular respiration are linked both physically 

(reactants and products), as well as energetically

Photosynthesis converts sun energy to energy in sugars

Cellular Respiration converts energy in sugars to energy in ATP



In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Oxygen is used to harvest energy stored in sugar

4.7) In cellular respiration, oxygen is used to harvest energy stored in sugar.

CORE IDEA: Cells use energy stored in molecules of ATP to perform the functions of life. ATP is 

assembled from ADP during the process of cellular respiration. Cellular respiration uses O2 and 

sugars as inputs, and gives off CO2 and H2O as by-products.

A. In cellular respiration, oxygen is used to harvest energy stored in sugar

B. Aerobic respiration

C. ATP as an energy shuttle



A. In cellular respiration, oxygen is used to harvest energy stored in sugar.

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Oxygen is used to harvest energy stored in sugar



A. In cellular respiration, oxygen is used to harvest energy stored in sugar.

1. We eat and breathe to provide ingredients required to power cellular 

respiration.

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Oxygen is used to harvest energy stored in sugar



A. In cellular respiration, oxygen is used to harvest energy stored in sugar.

1. We eat and breathe to provide ingredients required to power cellular 

respiration.

2. ATP produced by cellular respiration is used in all the cells of our bodies.

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Oxygen is used to harvest energy stored in sugar



B. Aerobic respiration

1. Mitochondria are found in both plants and animals (producers and 

consumers).

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Aerobic respiration

2. Inputs: glucose from food and O2 from air

a. It is called aerobic respiration because it 

requires oxygen.

3. Output: ATP and by-products (CO2 and H2O)



B. Aerobic respiration

1. Mitochondria are found in both plants and animals (producers and 

consumers).

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
Aerobic respiration

2. Inputs: glucose from food and O2 from air

a. It is called aerobic respiration because it 

requires oxygen.

3. Output: ATP and by-products (CO2 and H2O)



C. ATP as an energy shuttle

1. ADP + P ↔ ATP

2. Adenosine triphosphate (ATP)—higher energy (like a full battery)

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
ATP as an energy shuttle



C. ATP as an energy shuttle

1. ADP + P ↔ ATP

2. Adenosine triphosphate (ATP)—higher energy (like a full battery)

3. Adenosine diphosphate (ADP)—lower energy (like an empty battery)

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
ATP as an energy shuttle



C. ATP as an energy shuttle

1. ADP + P ↔ ATP

2. Adenosine triphosphate (ATP)—higher energy

3. Adenosine diphosphate (ADP)—lower energy

4. Acts as energy shuttle, transferring chemical energy from bodily processes 

that provide energy (eating food) to ones that use energy (moving muscles).

In cellular respiration, oxygen is used to harvest energy 

stored in sugar:
ATP as an energy shuttle



Cellular respiration is divided into three stages:
Cellular Respiration

4.8) Cellular respiration is divided into three stages.

CORE IDEA: Three stages of cellular respiration—glycolysis, citric acid cycle, and electron transport 

chain—use oxygen to gradually disassemble a molecule of glucose. The chemical energy released 

from the breakdown of glucose is used to form ATP.

A. Cellular respiration is divided into three stages.

B. Glycolysis

C. Citric acid cycle

D. Electron transport chain























Cellular respiration is divided into three stages:
Cellular Respiration

A. Cellular respiration is divided into three stages.

1. It uses O2 to “burn” sugar (glucose = C6H12O6), producing CO2 and H2O.

2. The process captures energy from glucose to produce ATP.

3. It is divided into three stages: glycolysis, citric acid cycle, and electron 

transport chain.



Cellular respiration is divided into three stages:
Glycolysis

B. Glycolysis

1. Glycolysis takes place in the cytoplasm.

2. One molecule of glucose is split into two molecules of pyruvic acid.

i. Most of the high energy electrons from glucose are still contained in pyruvic acid!

3. Glycolysis produces 2 ATP and some high-energy electrons carried               

by 2 NADH.

Glycolysis breaks glucose 

into smaller pieces (Pyruvic 

Acid) so it can enter the 

mitochondria

ATP

NADH

PYRUVIC ACID



Cellular respiration is divided into three stages:
Glycolysis

C. Citric acid cycle

1. It is also known as Krebs cycle.

2. It takes place in the fluid within the mitochondria.

3. It breaks pyruvic acid down into CO2 and high energy electrons

4. It produces 2 ATP and transfers high-energy electrons to a molecule called 

NADH (makes lots of NADH!)

Most of the high energy 

electrons are now in the form of 

NADH – plus a bit of ATP

ATP

NADH

CO2



Cellular respiration is divided into three stages:
Glycolysis

D. Electron transport chain

1. Series of protein molecules within the inner membrane of the mitochondria

2. High-energy electrons (carried by NADH and FADH2) are used to produce ATP.

a. Produces the most ATP of the three steps

3. In the last step, electrons combine with O2 to form H2O.

ATP

NADH O2 H20



Cellular respiration is a central hub of many of life’s 

metabolic processes:
Cellular Respiration

4.10) Cellular respiration is a central hub of many of life’s metabolic processes.

CORE IDEA: All the molecules in food that provide energy to your body do so by feeding into cellular 

respiration. The energy produced via cellular respiration and stored in molecules of ATP is used to 

power all of life’s processes.

A. Cellular respiration is a central hub of many of life’s metabolic processes.

B. Energy use by organisms



Cellular respiration is a central hub of many of life’s 

metabolic processes:
Cellular Respiration

A. Cellular respiration is a central hub of many of life’s metabolic processes.

1. Glucose is the primary fuel burned via cellular respiration (using O2).

2. You obtain additional food energy from other carbohydrates, fats, and proteins.



Cellular respiration is a central hub of many of life’s 

metabolic processes:
Cellular Respiration

A. Cellular respiration is a central hub of many of life’s metabolic processes.

1. Glucose is the primary fuel burned via cellular respiration (using O2).

2. You obtain additional food energy from other carbohydrates, fats, and proteins.

3. Metabolism is the sum total

of all the chemical 

reactions that occur in your 

body.

4. Food energy produces ATP 

and most bodily work is 

powered by ATP.



Cellular respiration is a central hub of many of life’s 

metabolic processes:
Energy use by organisms

B. Energy use by organisms

1. ATP is used to power nearly all of life’s processes.

2. ATP is a key player in the metabolism of all living 

organisms on Earth.






















