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Introduction 

1 This booklet contains a concept-driven scheme of work and some suggested activities for 

the Edexcel GCSE in Additional Science Unit B2 Topic 3: Energy flow. 

2 Two schemes of work are available for each topic in separate booklets. One of these 

booklets contains a scheme of work that is concept-driven ie scientific ideas are presented 

before their applications are explored. The other booklet contains a scheme of work that is 

context-driven ie applications of science are presented before the scientific principles used 

in these applications are explored. 

3 Booklets for each GCSE in Additional Science topic are provided free of charge to centres 

who are offering the Edexcel GCSE suite of Science qualifications via the secure area of the 

Edexcel website (www.edexcel.org.uk). 

4 Although Edexcel owns the copyright for the booklets, they are provided in Word format so 

that Edexcel centres may customise the schemes if required. 

5 Each lesson is designed to last for 50 minutes although the total teaching time is not stated 

in the specification; teachers may adjust the schemes of work to accommodate the time 

available in individual centres.  

6 Centres are responsible for the overall risk assessment of experimental work undertaken by 

students. 

7 Attention is drawn to the need for safe practice when students carry out laboratory 

experiments or observe demonstrations. Particular attention is drawn to the possible hazards 

associated with electrical equipment, the handling of micro-organisms and ionising 

radiation. Strict aseptic conditions should be used when undertaking practical work. 

Reference must be made to COSHH regulations and any specific local education authority 

restrictions. 

Relevant advice can be obtained from the following publications. 

 CLEAPSS Laboratory Handbook (available from CLEAPSS School Science Service, 

website www.cleapss.org.uk) 

 Control of Substances Hazardous to Health Regulations (HSE, 2005) ISBN 0717629813 

 Hazcards (2004 update available from CLEAPSS School Science Service) 

 Topics in Safety, Third Edition (ASE January, 2001) ISBN 0863573169 
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LESSON 1: Energy flow — an overview 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

 7I Energy resources. Understand why 

living organisms 

need energy. 

Know where our 

energy comes from. 

Have an overview of 

energy transfer in the 

biosphere. 

Revise the characteristics of 

living things — MRS GREN 

and link those to requiring 

energy. 

Show that other forms of 

energy may be produced from 

‘the sun’ (light and heat). 

Introduce the idea that plants 

and animals can sustain each 

other — get the students to 

come up with some ideas why. 

Extend this to biospheres. 

Solar powered 

batteries. 

 

   

Homework: Draw a biosphere that might exist on a planet such as Mars and explain how you think it might work. 
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LESSON 2: Comparing plant and animal cells 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

B2 3.1 

 

7A Cells. Recall similarities 

and differences 

between animal and 

plant cells. 

Understand stains are 

needed to view cells 

clearly under the 

microscope. 

Get students to draw a typical 

animal and plant cell to 

illustrate the similarities and 

differences. 

View cheek cells under the 

microscope. Calculate size of 

cells. 

View onion cells under the 

microscope. Calculate size of 

cells. 

Diagrams of animal 

and plant cells. 

Microscopes, 

slides, cover slips, 

methylene blue, 

cotton wool buds. 

Microscope, slides, 

cover slips, iodine. 

Experiment 3.2: 

Viewing cells. 

Recall that plant and 

animal cells are similar 

because they contain 

nuclei, cytoplasm and 

membranes and that 

plant cells also have 

cellulose cell walls, 

chloroplasts containing 

chlorophyll and 

vacuoles. 

C: 

2.3 

N: 

2.2 

2.3 

 

Students 

should wash 

their hands 

before 

obtaining 

some cells 

from the 

inside of their 

mouths. 

Students 

should take 

care when 

cutting the 

onion. 

Homework: Write up the microscope practical as a scientific experiment, with method, results and conclusions, making it clear which parts of the cell have taken 

up the stain. 
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LESSON 3: Energy flow from the sun into plants and photosynthesis 

Spec. 

code 

Links and concept 

building from KS3 

Learning objectives Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

B2 3.2 

B2 3.4 

 

9C Plants and 

photosynthesis. 

Understand the 

process of 

photosynthesis. 

Analysis of data on 

the effects of limiting 

factors on the rate of 

photosynthesis. 

Revise the reactant and 

products involved in 

photosynthesis. Link the 

reactants to the soil and air.  

Introduce the idea of recycling 

of oxygen and carbon dioxide 

in the air.  

Show that oxygen is produced 

in photosynthesis. 

Introduce students to the idea 

that all the factors needed for 

photosynthesis eg carbon 

dioxide, water, light and 

temperature are present in the 

correct amounts or levels. If 

one of these is not present in 

the right amount or level, then 

it will limit the rate at which 

photosynthesis occurs. 

CD ROM 

Multimedia Science 

School. 

Pond weed, beaker, 

filter funnel, test 

tube, glowing 

splint. 

Activity sheet 3.3: 

Limiting factors in 

photosynthesis. 

Recall the reactants 

(carbon dioxide, 

water) for and 

products (glucose, 

oxygen) of 

photosynthesis. 

Analyse data on the 

effects of limiting 

factors on the rate of 

photosynthesis and 

draw conclusions. 

 Take care 

with 

glassware 

and Bunsen 

burners. 

Homework: Finish activity sheet 3.5: Limiting factors in photosynthesis. 
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LESSON 4: Plants for food (human exploitation) 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 3.3 

B2 3.5 

 

9C Plants and 

photosynthesis. 

7C Environment and 

feeding relationships. 

Topic B1a 

Environment. 

Diffusion and 

osmosis. 

Understand how 

plants are used as 

food. 

Understand the 

human 

exploitation 

aspect of using 

plants as food. 

Understand how 

mineral salts are 

taken up by the 

roots of plants. 

Revise food chains, pyramids of 

numbers and pyramids of biomass. 

Ask students to think of ways in which 

energy is ‘wasted’ and not passed up 

through a food chain. 

Introduce the idea that it is more energy 

efficient for us to eat plants rather than 

to eat the animals that feed on the 

‘plants’. 

Introduce the idea of intensive farming 

and organic farming. 

Look at other ways in which plants are 

used, eg building materials, tools and 

drugs. 

Why do plants need minerals? Nitrogen 

to combine with glucose to make protein 

for growth, magnesium for chlorophyll. 

Revise diffusion and osmosis. Discuss 

energy being needed to move minerals 

against their concentration gradients.  

Link this with respiration to provide this 

energy. 

Longman’s GCSE 

Biology. 

Activity sheet 3.4: 

Transfer of 

energy in food 

chains. 

Folen’s Applied 

Science. 

Nelson Thornes’ 

Applied Science 

(Edexcel). 

Longman’s GCSE 

Biology. 

Explore human 

exploitation of plants, 

including their use as a 

food source. 

Describe how mineral 

salts are taken up in 

the roots by active 

transport using energy 

from respiration. 

C: 

2.1 

2.2 

2.3 

 

Homework: Write a short paragraph, entitled ‘Are we right to exploit plants in the ways that we do?’ 
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LESSON 5: Principles of cycles in nature (carbon cycle) 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 3.6 

 

 Understand why 

cycling is 

necessary. 

Understand the 

carbon cycle as 

the flow of carbon 

in nature. 

Know the roles of 

micro-organisms, 

photosynthesis, 

respiration and 

combustion. 

Interpret data on 

the carbon cycle. 

Introduce students to a simple cycle, 

with just two organisms, X and Y. 

Have two substances, A and B. X 

needs A and converts it to B. Y needs 

B and converts it to A. 

Students can find this difficult to 

remember. Teach them to construct it 

for themselves, by thinking of the 

process that removes carbon dioxide 

from the air and then think of the three 

processes that add it to the air — 

respiration, decomposition (of plants 

and animals) and combustion. 

Introduce the idea that carbon cannot 

be ‘lost’. 

Give students examples of the carbon 

cycle with some amounts of carbon. 

Ask them to work out the missing 

amounts. 

See if the students 

can work out the 

cycle for 

themselves. 

Wall chart of the 

carbon cycle to 

show after the 

students have 

produced their 

own. 

Longman’s GCSE 

Biology. 

Activity sheet 3.5: 

Knowing the 

carbon cycle. 

Understand and 

interpret data on the 

carbon cycle as 

representing the flow 

of carbon in nature, 

including the roles of 

micro-organisms, 

photosynthesis, 

respiration and 

combustion. 

N: 

2.1 

2.2 

2.3 

 

 

Homework: Students should practise drawing their own version of the carbon cycle to show how carbon dioxide is removed from the air and the three processes 

that add carbon dioxide to the air. Students should include plants and animals and the role of micro-organisms. Students could be tested on this in the next lesson. 
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LESSON 6: Nitrogen and its importance — how it is recycled. 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

B2 3.7 

 

 The importance 

of nitrogen in 

the 

environment. 

Describe the 

roles of nitrogen 

fixing bacteria, 

decomposers, 

nitrifying 

bacteria and 

denitrifying 

bacteria in the 

nitrogen cycle. 

Introduce students to proteins and their role 

in growth. Tell them that proteins contain 

the elements C, H, O and N and that C, H 

and O come from glucose in plants. (Higher 

tier students will already have covered the 

importance of nitrogen in plants from 3.6.)  

Students find the roles of the micro-

organisms in the nitrogen cycle notoriously 

difficult to remember. 

Let them construct their own nitrogen 

cycle. Ask them to think about nitrates in 

the soil. Introduce them to the processes 

that remove nitrogen from the soil and then 

the processes that add nitrogen to the soil. 

Investigating conditions needed for decay. 

Students to set up separate covered petri 

dishes containing moist/dry food samples, 

to be kept in the refrigerator/incubator at 

25
o
C. 

Students to observe leaf litter at various 

stages of decomposition. 

Longman’s 

GCSE 

Biology. 

Wall chart of 

the nitrogen 

cycle (to show 

to students 

after they have 

produced their 

own nitrogen 

cycle). 

Broad beans 

grown to show 

root nodules. 

Food samples, 

petri dishes, 

fresh unsliced 

bread (without 

additives). 

Describe the 

importance of nitrogen 

in the environment, 

including the roles of 

nitrogen fixing 

bacteria, decomposers, 

nitrifying bacteria and 

denitrifying bacteria as 

shown as shown and 

interpreted in nitrogen 

cycle diagrams [NB. 

Specific names of 

bacteria are not 

required]. 

WO: 

2.1 

2.2 

Incubate no 

higher than 

25
o
C to 

avoid growth 

of harmful 

pathogens. 

 

Homework: Practise drawing their own version of the nitrogen cycle to show how nitrates are removed from the soil and how nitrates are added to the soil. Students 

should remember to include the role of the different micro-organisms. Students could be tested on this in the next lesson. 
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LESSON 7: Eutrophication — the problem of fertilisers in water 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

B2 3.9 

 

9G Environmental 

chemistry. 

Fertilisers 

leaching into 

waterways can 

cause problems 

to aquatic life. 

Relate increased plant growth and 

algal blooms to increased nitrates in 

the water. 

Get the students to think about the 

problems of too many plants — lack of 

space and light, so they die. 

Bring in the idea of decomposers from 

the previous lesson and the need for 

increased respiration, using up oxygen. 

Students should be able to relate the 

lack of oxygen to little fish dying, lack 

of food for bigger fish. Thus bigger 

fish die and their numbers are 

depleted. 

Ask students to tell eutrophication as a 

story — a series of linked statements. 

Pictures of algal 

blooms. 

Visit stagnant water 

if some nearby. 

Show pictures of 

fast flowing water 

and stagnant water 

to show what 

oxygen depletion 

can do. 

Activity sheet 3.7 

Sorting out the 

eutrophication 

story. 

Describe how the 

indiscriminate use of 

nitrogenous fertilisers 

leads to environmental 

damage. 

C: 

2.1 

 

 

Homework: Finish activity sheet 3.7: Sorting out the eutrophication story. 

Research the problem of using too many pesticides. 
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LESSON 8: Global warming 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

B2 

3.10 

3.11 

3.15 

 

9G Environmental 

chemistry. 

Describe how 

environmental 

changes, such as 

global warming, 

can threaten life. 

Understand that 

deforestation 

can lead to 

massive 

environmental 

change. 

Explain what global warming means. 

Outline the dangers of global 

warming, eg icecaps melting and 

flooding of coastal areas. 

Make a list of possible causes of 

global warming, eg carbon dioxide 

and link this back to the carbon cycle 

being out of balance. 

Ask students to carry out some 

research on global warming using the 

internet. They should briefly 

summarise their findings in their own 

words. The material could be 

presented to the rest of the group. 

Get students to discuss reasons for 

deforestation in groups. 

See if they can link it to decreased 

photosynthesis and the carbon cycle 

being unbalanced. 

Photographs and 

newspaper 

cuttings of recent 

floodings, eg 

Boscastle, 

Carlisle. 

Poster of the 

carbon cycle. 

Internet. 

Presentation 

package. 

Poster of the 

carbon cycle (or 

get students to 

make their own). 

Describe that human 

populations are increasing 

and using resources 

unsustainably eg 

deforestation, which 

sometimes leads to 

massive environmental 

change. 

Describe environmental 

changes, such as global 

warming, as threatening 

human life on the planet 

as we know it 

Demonstrate an 

understanding of how 

secondary sources of data 

about global warming can 

be collected from the 

internet and briefly 

summarise the data using 

ICT. 

C: 

2.1 

2.2 

2.3 

ICT: 

2.1 

2.2 

2.3 

 

Homework: Complete and/or practise a presentation for the next lesson. 

Explore the problem of acid rain. 
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LESSON 9: Maximising food production 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety issues 

B2 

3.12 

3.13 

3.14 

 

9D Plants for food. The social and 

ethical 

considerations 

of the unequal 

distribution of 

food. 

Maximising 

energy transfer. 

Maximising 

food production. 

Get students to research unequal 

distribution of food on the internet. 

Ask them to discuss, in groups, what 

the implications of this are and if 

they think it is fair. 

Explain to the students the benefits of 

using fish farms and greenhouses and 

link back to limiting factors in 

photosynthesis and to how energy is 

lost in food chains. 

Ask students to discuss these ways in 

groups. They should also discuss the 

disadvantages of such methods. They 

could discuss whether fish farming is 

an example of intensive farming and 

the problems that this might cause. 

Internet. 

Poster or diagram 

showing limiting 

factors in 

photosynthesis. 

Pictures of fish 

farms. 

Research using 

the internet on 

fish farming. 

Discuss the social and 

ethical considerations of 

the unequal distribution 

of food. 

Explain that energy 

transfer can be 

maximised in food 

production using the 

examples of fish farms 

and greenhouses. 

Discuss the ways in 

which food production 

can be maximised by the 

use of optimum 

feeding/growing 

conditions, disease and 

predator control using 

the examples of fish 

farms and greenhouses. 

  

Homework: Students could find out more about how a greenhouse helps plants to grow better. 
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LESSON 10: Revision — ‘Being examiners’ and ‘Remember that biosphere?’ 

Spec. 

code 

Links and concept 

building from KS3 

Learning 

objectives 

Teaching activities Resources Learning outcomes Key 

skills 

Safety 

issues 

 8D Ecological 

relationships. 

Revision of the key 

points of the 

module. 

Plants provide 

energy for other 

organisms. 

Know that living 

organisms depend 

on each other. 

Understand that 

energy flows 

through the 

biosphere and 

elements are 

recycled within it. 

Human activities 

are often 

unsustainable, with 

associated ethical 

considerations. 

Ask students to go through their 

notes and identify what they 

consider the key points of the 

module to be. 

Go over the main points with the 

students.  

The students could work in pairs on 

a particular part of the topic. They 

should write some examination 

question to ask the rest of the 

group. They should make up a mark 

scheme for the questions. 

Students answer each other’s 

questions. The questions could be 

marked by the students that set 

them. 

The students could revisit the 

biosphere they drew in the first 

lesson and see if they wish to 

modify it in any way. 

Students’ notes. 

Longman’s GCSE 

Science. 

 WO: 

2.1 

2.2 

 

Homework: Students should prepare more questions on a different part of the topic. 
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What you will learn from this experiment 

In this investigation you will examine cheek cells and onion skin cells using a microscope. 

What you will know when you finish this experiment 

1 You will know how to set up a microscope. 

2 You will know how to prepare cheek cells for viewing under the microscope. 

3 You will know how to prepare onion skin cells for viewing under the microscope. 

4 You will know which parts of the cells take up the stains. 

What you do 

Cheek cells 

1 Wash your hands thoroughly. 

2 Take a clean cotton wool bud and gently rub on the inside of your cheek. 

3 Smear the cotton wool bud with the cells on to a microscope slide. 

4 Add one drop of methylene blue. 

5 Carefully lower a cover slip on top, putting one edge of the cover slip on to the dye on the slide first. 

Onion skin cells 

1 Carefully peel an onion. 

2 Remove part of the thin layer in between the thicker layers. 

3 Carefully place a small part of the thin layer on to a microscope slide, keeping it as flat as possible. 

4 Add one drop of iodine. 

5 Carefully lower a cover slip on top, putting one edge of the cover slip on to the dye on the slide first. 

Using the microscope 

1 Carefully place the microscope near a window, or plug it in if it has its own light source. 

2 Make sure the lowest power objective lens is in position. 

3 Place the slide on to the stage. 

4 Carefully focus the microscope on the cells, taking care not to touch the slide. 

5 When the cells are in focus, move a higher power objective lens into place. 

6 Draw some cells, observing which parts of the cells are stained. 

Suggestions for further work/homework 

Write up the experiment for homework. 
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Note for teachers and technicians 

Equipment and chemicals required 

1 Microscope. 

2 Microscope slides. 

3 Coverslips. 

4 Cotton wool buds. 

5 Soap for washing hands. 

6 Methylene blue. 

7 Knife for cutting onion. 

8 Board to cut onion on. 

9 Iodine. 

Health and safety issues 

Students should wash their hands and prepare slides of their own cheek cells only. 

Care should be taken when cutting the onion. 

Care should be taken when using the microscope so that slides do not break. 
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What you will learn from this activity 

In this activity you will learn about limiting factors and how they affect the rate of photosynthesis. 

1 Complete the following text. 

 

The rate of photosynthesis is how ______________ photosynthesis is happening. The rate  

 

is affected by a range of factors: the ________________, the amount of _____________ 

 

and the amount of ______________ ______________ . When one of these factors stops  

 

the rate of photosynthesis increasing it is said to be a _______________ _____________ . 

 

2 The rate of photosynthesis of a well-watered plant was measured at different light intensities.  

The atmosphere of the glasshouse had a high concentration of carbon dioxide. 

The temperature was kept at 15
o
C. 

The results are shown on the graph.

 

(a) Give the maximum rate of photosynthesis. 

 .....................................................................................................................................................................  
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(b) Identify the factor that was limiting the rate of photosynthesis at X and at Y. In each case give a reason 

for your answer. 

 

X ..................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

Y ..................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 

(c) Describe an experiment that could be done to show what factor was limiting the rate of photosynthesis  

at Y. 

 

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  
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What you will learn from this activity 

In this activity you will learn about energy losses in food chains. 

 

 
 

(a) Name the process by which producers transfer solar energy into chemical compounds. 

 .....................................................................................................................................................................  

(b) Calculate the percentage of energy that is passed on from the producers to the primary consumers. 

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  
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(c) Calculate how much heat energy the tertiary consumers transfer to the environment. 

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 

 

 

 

 

 

 

 

 

 

(d) State three ways in which secondary consumers may lose heat energy to the environment. 

1  ..................................................................................................................................................................  

2  ..................................................................................................................................................................  

3  ..................................................................................................................................................................  

 

(e) Calculate the total amount of energy passed to detritus feeders and decomposers. 

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  
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What you will learn from this activity 

In this activity you will learn about the different processes in the carbon cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Give the letter and name the process that removes carbon dioxide from the air. 

Letter  ..........................................................................................................................................................  

Name of process  .........................................................................................................................................  

(b) Letter D shows the action of decomposers. Place the letter D on another line to show where decomposers 

act. 

(c) Letter E shows a process that adds carbon dioxide to the air. 

(i) Name the process letter E represents. 

 .....................................................................................................................................................................  

(ii) Describe a problem that might occur if there is too much of this process. 

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

 .....................................................................................................................................................................  

(d) One arrow has been missed out in this cycle. Draw in the arrow and name the process. 

Name of process  .........................................................................................................................................  

 

A 

B 

C 

D 

E 

Carbon dioxide in the air 

Plants 

Animals 
Fossil fuels 



Activity 3.7: Sorting out the eutrophication story 

Support material: Energy Flow (Concept approach) – Edexcel GCSE in Additional Science  
– Issue 1 – April 2006 © Edexcel Limited 2006 

19 

What you will learn from this activity 

In this activity you will learn about the stages in eutrophication. 

These are all statements about eutrophication. They are not in the correct order. 

Sort them into the correct order to tell the ‘story’ of eutrophication. 

 

 

Plants and algae die due to lack of light/space. 

 

 

 

Large fish die due to lack of oxygen and food. 

 

 

 

Bacteria start to decompose the dead plants and algae. 

 

 

 

Fertilisers get into streams and rivers. 

 

 

 

Small fish die due to lack of oxygen. 

 

 

 

Bacteria use up oxygen as they respire. 

 

 

 

Plants and algae grow excessively due to the increased nitrates and phosphates. 
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