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Unit: Energy for Exercise 

Aerobic Energy System: 

This means exercising with oxygen. The aerobic energy system involves three stages: 

1. Glycolysis 

2. The Krebs Cycle (aka the citric acid cycle) 

3. The Electron Transport Chain 

 

Before we look to explain these three things, you need to understand what is meant by one important source 

of energy in the body – ATP. 

ATP (Adenosine Triphosphate) is how your energy is stored and used in the body. You need ATP to do anything 

that requires energy. During aerobic energy production, up to 38 ATP are produced.  

ATP is stored in the muscle cell and is the only immediate energy source for muscular contraction. It is made up 

of 1 adenosine and 3 phosphates held together by bonds. The enzyme ATPase stimulates the high-energy bond 

to break to extract energy from ATP, leaving behind an ADP (adenosine diphosphate) and a single phosphate 

(P). 

 

Aerobic Glycolysis: 

This is the first stage of the aerobic energy system. Carbohydrates, in the form of glucose and glycogen, 

are prepared for energy release by being broken down in a series of chemical reactions to pyruvic acid. 

This allows for the resynthesis of two ATP moles (preparing the ATP for energy release). 

 

 

The Krebs Cycle: 

The pyruvic acid created through glycolysis then forms acetyl-CoA which enters the matrix of 

mitochondria. The ‘acetyl group’ then joins the Krebs Cycle. Fatty acids combine with acetyl-CoA and 

beta oxidation will occur. 

Beta oxidation is the breakdown of fatty acids in order to provide ATP. 

Acetyl CoA combines with oxaloacetic acid to form citric acid; the oxidation of this acid results in 

hydrogen (H) and carbon dioxide (CO2) and enough energy resynthesising two moles of ATP. 

 

 

Electron Transport Chain: in the mitochondria cristae  

The H atoms removed during the Krebs Cycle go to the Electron Transport Chain by NAD and FAD, 

which are hydrogen carriers, and split into H+ ions and H- electrons. Here the H+ ions are oxidised in 

order to produce water. H- electrons carried in pairs by NAD release energy to resynthesise 30 moles 

of ATP and ones carried by FAD resynthesise 4 moles of ATP. Therefore, the total yield of ETC is 34 

moles of ATP. 

     energy          resynthesis          glucose 

    Krebs     pyruvate     fatty 

    oxidised       FAD carriers  NAD
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ATP-PC System: 

This system can supply energy for maximal activity over a very short period of time – up to 10 seconds, 

after the 2 seconds where ATP stores are depleted. The rise of ADP and P levels stimulates Creatine 

kinase to be released, an enzyme which catalyses the anaerobic breakdown of PC  into creatine and 

phosphate in the sacroplasm. This coupled reaction involves the breakdown of PC into a free 

Phosphate and energy which are used to synthesise one mole of ATP. Phosphocreatine is extremely 

limited, hence why a time limit of 10 seconds of intense exercise is present. 

 

 

 

Anaerobic Glycolytic System (Lactic Acid System): 

This system can supply energy for submaximal activity, up to a period of 3 minutes, after PC stores are 

depleted and ATP levels fall. Again, ADP and P levels rise, triggering the release of 

phosphofructokinase (PFK), an enzyme which catalyses the breakdown of glucose (the next available 

fuel). If glucose levels drop, glycogen is broken down. 

Glucose is an easily-accessed fuel which is broken down to release energy for ATP resynthesis in the 

sacroplasm. 

Anaerobic glycolysis is the breakdown of glucose without oxygen into pyruvic acid. 

What are examples of activities in which this energy system would be used? High intensity activities 

e.g. 100m freestyle, 200m run 

For every one mole of glucose, two moles of ATP are produced. 

This system results in the speeding up of the Krebs Cycle in order to produce energy at a faster rate. 

However, the cells cannot keep up with the speed and as a result not enough pyruvic acid or oxygen 

can be produced. Therefore, the enzyme lactate dehydrogenase (LDH) converts pyruvic acid into lactic 

acid, which causes pH levels to drop and prevents further breakdown of fuel and ATP resynthesis, as 

well as causing fatigue in the muscles. 

The point at which blood lactate levels significantly rise is called OBLA (the onset of blood lactate 

accumulation) 

 

   ATP stimulates     phosphate    maximal sacroplasm anaerobic 

  oxygen    submaximal     faster     glycogen fatigue  resynthesis drop  rise 
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A shot putter is preparing his body for a throw. Explain which energy system will be 

used by the shot putter during their event. 

 

• The shot-putter will use the ATP-PC energy system 

• This is because shot-put requires maximal energy for a very short period of time 

 

 

A 400m runner is preparing for a race. Explain which energy system will be used 

by the 400m runner during their event.  

 

• A 400m runner will use the anaerobic glycolytic (lactic acid) system 

• This is because 400m is a submaximal activity which takes longer than 10 

seconds, but less than 3 minutes  

 

 

 

Energy Continuum of Physical Activity: 

The energy continuum is the sequence which covers the type of respiration required during exercise. 

It regulates which energy system will provide energy in any given activity. 

Further to this it will also regulate which type of muscle fibre will be used during exercise. Remind 

yourself of the three types of muscle fibres: 

Type I – Slow Twitch – Oxidative: 

This slow twitch muscle fibre is most beneficial for endurance events such as marathon running or 

long distance swimming. Muscle fibres will be dark in colour and contain lots of myoglobin. 

 

Type IIa – Fast Twitch – Oxidative Glycolytic: 

This fast twitch muscle fibre is most beneficial for submaximal activity such as an 800m race. The 

muscles will be able to work at a relatively powerful rate and will not fatigue quickly. 

 

Type IIX – Fast Twitch – Glycolytic: 

This fast twitch muscle fibre is most beneficial for maximal activity such as weight lifting or shot put. 

The muscles will work at an explosive and powerful rate but they will fatigue very quickly. 
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Complete the continuum below, labelling the three energy systems, their exercise duration, and 

examples of exercise in which that energy system is predominantly used. 

 

 

 

Explosive intensity 

Long duration 

ATP-PC system 

Glycolytic system 

Aerobic system 

10sec – 3mins 

<3sec 

>3sec 

High jump, Javelin 

Squash, 400m run 

Marathon, cross country skiing 
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Create your own flow diagram in the space below to show all of the important steps that work 

towards the resynthesis of ATP and the production of energy.  

Individual pupil diagram 

Glycolytic System 

 

 

 

 

 

 

 

 

 

PC-ATP  

 

 

 

 

 

 

 

 

Aerobic System —> 
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Complete the table below to show how the energy continuum works. 

 

Energy System Number of ATP How long does it 
last 

Example of 
sport/event 

Muscle Fibre Used 

 
Aerobic 

36-38 Up to several 
hours 

Marathon 
Running 

Type I Slow Twitch 

 
 

Glycolytic/Lactic Acid 

2 Up to 3 mins 800m Run Type IIA – Fast 
Twitch 

 
ATP-PC 

1 Up to 10 seconds Shot Put Type IIX – Fast 
Twitch 

 

 

Pick two sports that you regularly take part in. How does the energy system/muscle fibres used 

differ between the two sports? Why? 

Individual Pupil Answer 
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Environmental Effects on Body Systems 

 

Effect of altitude on the cardiovascular and respiratory systems 

At higher altitudes, barometric pressure decreases.  

The partial pressure of oxygen decreases. This is known as the arterial pO2.Gases move down a 

pressure gradient from high to low partial pressures (diffusion gradient). 

The greater the diffusion gradient, the faster the oxygen moves. At rest, the deoxygenated blood 

arriving at the alveoli is 40mmHg. 

Calculate the following diffusion gradients: 

At sea level: pO2 is 159mmHg. Diffusion gradient = 119 to the blood 

At 3600m above sea level: pO2 is 105mmHg. Diffusion gradient = 65 

On Mount Everest: pO2 is 43mmHg. Diffusion gradient = 3 

Looking at the figures above, what would happen if an athlete competes at higher altitudes? 

Consider the following keywords: 

Breathing frequency blood volume plasma  RBC density stroke volume 

 maximal cardiac output  VO2 Max aerobic capacity 

The breathing frequency increases to maintain oxygen consumption. 

Blood volume decreases at first as plasma volume decreases to increase the density of RBC to 

maximise oxygen transport. 

Stroke volume decreases at first during sub-maximal exercise, increasing heart rate to maintain 

cardiac output. 

Maximal cardiac output, stroke volume and heart rate decrease during maximum intensity exercise. 

Aerobic capacity and VO2 max decrease, so the duration and intensity of performance is reduced. 

 

Acclimatisation is when an athlete gradually adapts to an environmental change. To minimise the 

effects of decreased oxygen partial pressure, different altitude levels need different amounts of time 

for the body to adapt: 

1000 – 2000m: 3-5 days 

2000-3000m: 1-2 weeks 

3000m+: 2+ weeks 

5000-5500m: 4+ weeks 

 

 

 

 

FIFA’s acclimatisation 

criteria: 

2500m+ = 3 days 

2750m+ = 7 days 

3000m+ = 2+ weeks 
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Benefits of acclimatisation on the cardiorespiratory system 

- Increased  release of erythropoietin, a hormone which increases red blood cell 

production. 

- Breathing rate and ventilation stabilise, but are higher than when at sea level 

- Stroke volume and cardiac output reduce while heart rate remains elevated as 

oxygen extraction becomes more efficient 

- Reduced altitude symptoms such as sickness, headaches, breathlessness, poor sleep 
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Energy Systems/Environmental Effects Exam Questions 

 

1. Explain what the energy continuum is and justify the position of one sporting activity on the  

energy continuum.  (4) 

Four marks for:  

Mar One - Relative contribution of each energy system (during an activity) 

Mark Two - Dependent on intensity and duration (of the activity) 

Mark Three -. E.g. Marathon predominantly aerobic or high jump predominantly anaerobic/ ATP-PC  

system or football 50:50 or hockey player uses all 3 systems 

Mark Four - (Justification) e.g. 100m sprinter very high intensity or e.g. marathon runner low-mod  

intensity or e.g. football has elements of high intensity/ sprinting for ball and low intensity/  

jogging into position for corner 

 

 

2. Describe how energy is extracted from ATP, naming the enzyme and the products. (3) 

 

Mark One - ATPase stimulated the high energy bond to break (1) 

Mark Two - Releasing energy for muscular contraction (1)  

Mark Three - and an ADP and a Phosphate molecule (1) 

 

 

3. Name one energy system threshold, giving a sporting example.  (2) 

 

Accept appropriate responses for either ATP-PC/Glycolytic threshold or Glycolytic/aerobic 

threshold 
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4. Explain why exercising at altitude would hinder performance. (3) 

 

Mark One - There is a lower oxygen partial pressure/ arterial pO2 

Mark Two - Therefore a lower diffusion gradient into the bloodstream 

Mark Three - And less oxygen enters the blood for respiration and aerobic energy production 

 

 


