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To get into the best universities, you must demonstrate that you are 
intellectually curious, and will make the most of the wonderful 
academic opportunities available to you.

One of the best ways of demonstrating this, is by going above and 
beyond what is taught in school and studying something that is not on 
the curriculum.

This resource will give you exactly such an opportunity. You will have 
something interesting to write about in your application to university, 
something interesting to talk about in a university interview, and open 
whole new areas of study you might be interested in! 

You will develop valuable academic skills as you go, that we have 
marked out with gold badges (see the next page on university skills). 
As you work through the resource you can look out for these badges 
so that you can explain which skills you have developed and what you 
did to demonstrate them. Developing these skills will help you get 
university ready! 

If you have any questions while you are using the resources in this 
pack, you can contact your teacher or email us directly at 
schools@access-ed.ngo. 

Good luck with your journey to higher education!
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For Pupils
Welcome!

mailto:schools@access-ed.ngo


To complete this resource, you will have to demonstrate impressive 
academic skills. When universities are looking for new students, they 
will want young people who can study independently and go above 
and beyond the curriculum. All of these skills that you will see here 
will demonstrate your abilities as a university student – while you’re 
still at school!

Every time you have to look something up, or write up a reference 
you are showing that you can work independently. Every time that 
you complete a challenging problem or write an answer to a difficult 
question, you might demonstrate your ability to think logically or build 
an argument. Every time that you evaluate the sources or data that 
you are presented with, you are showing that you can “dive deep” 
into an unfamiliar topic and learn from it. 

Here are the skills that you will develop in this course:

For Pupils
University Skills

your ability to work on your own and find answers online or in 
other books

your ability to create something original and express your ideas

your ability to apply what you know to new problems 

your ability to logically express yourself

your ability to refer to sources that back up your opinions/ ideas

your ability to refer to what others have said in your answer, 
and credit them for their ideas

your ability to go above and beyond the school curriculum to 
new areas of knowledge

your ability to evaluate sources (e.g. for bias, origin, purpose) 

your ability to discuss the implications of what the numbers show

your ability to engage with what you are reading by highlighting 
and annotating

independent       research

creativity  

problem solving                      

building an argument        

providing evidence                

academic       referencing     

deep                       dive

source analysis                  

data interpretation                 

active reading

University 
Ready!



The Research-Based Curriculum aims to support student attainment 
and university progression by providing classroom resources about 
cutting-edge research at local universities. The resources are designed 
to:

ü promote intellectual curiosity through exposure to academic 
research

ü stretch and challenge students to think deeply about content that 
may be beyond the confines of the curriculum

ü develop core academic skills, including critical thinking, 
metacognition, and written and verbal communication

ü inform students about how subjects are studied at university, and 
provide information, advice and guidance on pursuing subjects at 
undergraduate level

The programme represents a unique collaboration between 
universities and schools. Trained by AccessEd, PhD Researchers use 
their subject expertise to create rich resources that help bring new 
discoveries and debates to students. 

The Research-Based Curriculum offers ten modules suitable for either 
KS4 or KS5 study. The modules span a range of disciplines, including 
EBacc and A-level subjects, as well as degree subjects like 
biochemistry. Each module includes six hours of teaching content, 
supported by student packs, teacher notes and slides. All modules are 
available online and free of charge for teachers at select schools. 

Resources are designed to be used flexibly by teachers. The resources 
can be completed by students individually or in groups, in or out of 
the classroom. 

For Teachers
RBC Guide

Programme                Aims

Content

Delivery
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Here are five examples of delivery options:

The resources can be completed in small groups (4-8 pupils) across a 
series of weekly lunch clubs or after-school clubs. Groups can reflect 
on their learning by presenting a talk or poster on the subject matter 
at the end of the course. 

The resources can be used by students to explore subjects that they 
are interested in studying at university. This can inform their decision 
making with regards to university degree courses, and allow students 
to write more effective personal statements by including reflections 
on the Research-Based Curriculum.

The resources can be used to ignite curiosity in new topics and 
encourage independent research. Schools could hold a research 
challenge across a class or year group to submit a piece of work based 
on the resources. Pupils could submit individually or in small groups, 
with a final celebration event.

Resource packs can function as ‘transition’ projects over the summer, 
serving as an introduction to the next level of study between KS3 and 
KS4, or KS4 and KS5. Students could present their reflections on the 
experience in a journal.

The Research-Based Curricula programme builds on the University 
Learning in Schools programme (ULiS), which was successfully 
delivered and evaluated through the London Schools Excellence Fund 
in 2015. The project was designed in a collaboration between 
Achievement for All and The Brilliant Club, the latter of which is the 
sister organisation of AccessEd. ULiS resulted in the design and 
dissemination of 15 schemes of work based on PhD research for 
teachers and pupils at Key Stage 3. The project was evaluated by 
LKMCo. Overall, pupils made higher than expected progress and felt 
more engaged with the subject content. The full evaluation can be 
found here: ULiS Evaluation.

For more information contact hello@access-ed.ngo

04

For Teachers
RBC Guide

Extra-Curricular Subject 
Enrichment Clubs

University Access 
Workshops

Research Challenge

Summer Project

Evidence

Questions?

https://www.london.gov.uk/sites/default/files/achievement_for_all_university_learning_in_schools_ulis_final_report.pdf


Humans have relied enough on fossil fuel for their basic energy 
requirement. It is the only reserve in this world which helps in 
generating fuel for e.g. diesel, petrol, natural gas and electricity. There 
is a limit to everything so a time will come when the fossil fuel will 
become scarce. Fuel generation from fossil fuel results in unwanted 
products like greenhouse gas, carbon dioxide and other harmful gases 
that are causing destruction to the environment.

Renewable energy sources are considered as the future alternative of 
fossil fuel. It has numerous advantages over conventional energy for 
e.g. it doesn’t emit greenhouse gases, the carbon emission is low and 
above all it is the continuous supply of energy.  Renewable source is 
something that we will not run out until the world exists for e.g. solar 
energy which comes from sun will continue to supply unlike coal 
which is been reserve in mountains from millions of years. A lot of 
people are working on using the wind, solar and hydro power to 
generate energy from it and they are doing great work in their fields. 

Biofuel generation is the pre-mature area in renewable energy 
sources. This is an attractive field of research because it doesn’t only 
need low energy but also the amount of energy gained from it is from 
the waste. The motivation comes from ‘’It is better to have something 
rather than nothing’’. Food is the basic need of human and the fact 
cannot be denied that the amount of food waste is more than the 
amount consumed. the world is lacking in the utilisation of this food 
waste in sustainable and economical way. This pack focus on the 
derivation of biohydrogen and alternatively to electricity from fruit 
and vegetable peel (FVP) mainly the reason for choosing the fresh FVP 
are stated below:

Wet FVP has high amount of moisture content.

Introduction to Topic
Innovation In Renewable 
Energy Generation

The topics within this pack 
will include:

Waste Composition

Waste Management 

Anaerobic Digestion 

Fermentation and 
Biohydrogen 

Hydrogen producing 
bacteria

Factors for Dark 
Fermentation

How Electricity Is Produced 
Using Microbial Fuel Cell 



It consists of organic waste that can be fermented to biohydrogen or 
another biofuel 

Big industries produce FVP in bulk, which can result in the uniform 
supply of substrate.

Certain group of FVP has common composition for e.g. citrus, stone, 
berries, melon and root, marrow, leafy green, allium in fruit and 
vegetable respectively. This means a group of peelings can mixed 
together to increase the yield.

Energy generation from food waste is still on a research level and 
hasn’t been implemented on a large scale yet because of few 
challenges. Scientists from all over the world are contributing their 
knowledge and skills to make it work and I have high hope, as they 
say.

“Little drops of water make a mighty ocean”

Introduction to Topic
Innovation In Renewable 
Energy Generation



Introduction to Subject
Food Engineering at University

University 
Ready!

I am currently working with the food engineering team at Sheffield 
Hallam University. National Centre of Excellence for Food Engineering 
works on the innovation in food making by integrating the engineering 
aspects in the industry. My team has worked on various projects 
which cover energy recovery, food composition and process 
development in the food industry.

We have a whole kitchen and labs dedicated for food processing 
where students discover the use of different equipment in the kitchen 
and go through the properties of different products required in food 
making. We have ovens, high speed blenders, homogeniser, 
centrifuge, spray drying machine, bioreactor and many other 
machineries which makes food engineering a lot more exciting and 
practical. We get exposure to what it is like to work in the industry 
what challenges do the food engineers face, and we recently we went 
to visit McCain at Scarborough the whole factory is dedicated to 
produce chips for renowned international food chains and local 
takeaways. They allowed us access to the factory where we were able 
to see how the chips are manufactured from the very first stage, and 
how they are quality checked!  

NCEFE is working with different industries across the globe to provide 
solution for the problems that industrialists face on regular basis. We 
have had exchange students came from Europe and worked with us 
contributed their knowledge for the transformation of food industry 
in various projects.

It is my pleasure to work with them! Here is a picture of the team on 
the left!

Good luck!

Nimra Shahab



Meet the PhD Researcher
Nimra Shahab

My name is Nimra, I am an international student from Pakistan. I did 
my MSc in Advanced Engineering and Management at Sheffield 
Hallam University, I really enjoyed my modules related to 
sustainability, product development and process enhancement while 
doing my masters. My MSc dissertation was on renewable energy 
sources, which diverted my interest to explore this field in depth and I 
decided to focus on the making of renewable energy source from fruit 
and vegetable peelings for my PhD. The motivation for choosing this 
topic comes from the fact that farmers and agriculture are the back 
bone of my home country. We export fine quality of fruit, vegetables 
and crops abroad hence generate a lot of waste which is incinerated, 
landfilled or used as a feedstock for animals. After completing my 
PhD, I am looking forward to applying my knowledge and skills to 
develop the food industries and renovate the process to have some 
useful renewable energy generated from waste.

Lots of my research focuses on using engineering skills for process 
development, design of experiments, statistical analysis, simulation, 
reactor design, and using micro fuel cell to convert hydrogen into 
electricity. You might be surprised to hear that my PhD requires skills 
working with chemicals and micro-organism, which was a challenge 
for me because last time I studied chemistry was back in 2010! 
However, I managed to complete my literature review and got 
practical help from biomedical research centre at Sheffield Hallam 
University. I believe there is no age and limit to learn new things!

Maths, Physics and Chemistry (in Pakistan)

Electronics and Telecommunication Engineering (NED University 
Karachi, Pakistan) 

Advanced Engineering and Management (Sheffield Hallam 
University, UK)

A-Level  Subjects

Undergraduate 

Postgraduate



Glossary

Term Definition

Anaerobic Digestion
Anaerobic digestion is a series of biological processes in which 
microorganisms break down biodegradable material in the absence of 
oxygen.

Biohydrogen Hydrogen produced using biological process

Carbohydrate Carbohydrates are the sugars, starches and fibers found in fruits, grains, 
vegetables and milk products.

Cellulose 
Cellulose is an important structural component of the primary cell wall of 
green plants, many forms of algae and the oomycetes. Some species of 
bacteria secrete it to form biofilms

Dark fermentation Dark fermentation is the fermentative conversion of organic substrate to 
biohydrogen carried out in dark environment

Electricity
Form of energy resulting from the existence of charged particles (such as 
electrons or protons), either statically as an accumulation of charge or 
dynamically as a current

Fats and Lipids
The two types of triglycerides are fats and oils. The main difference 
between lipids and fats is that lipids are a broad group of biomolecules 
whereas fats are a type of lipids.

Fermentation
the chemical breakdown of a substance by bacteria, yeasts, or other 
microorganisms, typically involving effervescence and the giving off of 
heat

Hemicellulose any of a class of substances which occur as constituents of the cell walls of 
plants and are polysaccharides of simpler structure than cellulose.

Light Fermetation
Fermentation is an energy-yielding anaerobic metabolic process in which 
organisms convert nutrients (typically carbohydrates) into alcohol and 
acids (such as lactic acid and acetic acid)

Ohms Law a law stating that electric current is proportional to voltage and inversely 
proportional to resistance.

Protein

any of a class of nitrogenous organic compounds which have large 
molecules composed of one or more long chains of amino acids and are an 
essential part of all living organisms, especially as structural components 
of body tissues such as muscle, hair, etc., and as enzymes and antibodies.

Renewable Energy
Renewable energy is energy that is collected from renewable resources, 
which are naturally replenished on a human timescale, such as sunlight, 
wind, rain, tides, waves, and geothermal heat
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Resource One
Overview

By the end of this resource, you will have:

ü Developed an understanding of the wet contents in food waste 

ü Explained why it is not appropriate to landfill or incinerate the food 
waste

ü Considered how the food waste can be utilised to produce 
something valuable

Objectives

WHAT IS SO SPECIAL IN FRUIT AND VEGETABLE PEELINGSTopic

Waste Composition; Waste ManagementGCSE Modules

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions



According to WRAP (Waste and Resource Action Programme), every 
year 1.9 million tonnes of food is wasted. That food is either destined 
for landfill or incineration which is harmful for the environment. It 
causes global warming, green house gas emission and carbon dioxide 
emission to the environment. Food waste consists of starch, cellulose, 
lignin (cellulose and hemi-cellulose) which are main substrate for the 
generation of hydrogen also termed as the polymer of sugar. These 
polymers are the valuable source of fermentable hydrolysates into 
products such as hydrogen, methane, ethanol, butanol and others. It 
is easy to process the waste consist of starch for carbohydrate and 
hydrogen gas formation. Waste consist of cellulose need further pre-
treatment for example, waste should be grounded and the lignin 
components are removed by chemical or mechanical means before 
fermentation process. Figure 1 below gives an  idea about the 
composition of food wasted on daily basis.

Resource One
Data Source

Figure 1

Different food waste 
composition

Data
Interpretation



Cellulose and hemicellulose content of food waste is hydrolysed to a 
carbohydrate that is further processed for organic acid and hydrogen 
gas production. For a better hydrogen yield it is necessary to pre-treat 
the complex sugar components so that it can be converted into simple 
polymers to be easily edible by micro-organism to produce energy. 
Figure 2 shows how pre-treatment can affect the substrate physical 
composition.

Effluent generated from dairy industry, olive mill, and yeast waste 
water are also considered as source for biohydrogen production, but 
it needs to be pre-treated to balance the nutrition's components and 
to remove unnecessary constituents.  Carbohydrate rich waste water 
can be treated to generate the organic acid and then to hydrogen gas 
by using proper bio-processing technologies. Lastly the waste sludge 
generated from treatment of waste water consists of large quantity of 
protein and carbohydrate which can contribute for methane and 
hydrogen gas production (Orozco-Pulido, 2011).

Resource One
Data Source

Figure 2

Effect of pre-treatment on 
complex sugar



The new food waste management hierarchy is shown in figure 3 
below generated by WRAP. According to this hierarchy engineers and 
scientist are trying their hard to save the world and upcycle, reuse and 
renew the waste in different forms.

Resource One
Data Source

Figure 3

Food waste management 
hierarchy



Resource One
Activities

1. While enjoying delicious meals at your home, keep a record for a 
week to analyse the food that you waste.  Estimate the contents 
of the food you have in your breakfast, lunch and dinner. 
Determine whether the food is meeting the criteria to be able to 
produce biofuel from it.

2. What do you understand by prevention and waste in the Waste 
Management Hierarchy chart shown in figure 3 ?

3. In labs different equipment is used to treat the waste on small 
level. List the items of equipment that might be used and what 
they are used for.

4. What are the main challenges related to food waste storage and 
usage for the generation of renewable electricity? 

Activities

Time Mon Tues Wed Thurs Fri Sat Sun
Quality 
check

Breakfast

Lunch

Dinner 



Resource One
Further Reading

WRAP is the organisation working to utilise the food and other 
industrial waste in different ways and contributing towards the 
sustainable environment.

Discover their site and see what they are up to now a days

http://www.wrap.org.uk/

Explore

Independent
research

http://www.wrap.org.uk/


Resource Two
Overview

By the end of this resource, you will be able:

ü To understand anaerobic digestion

ü To understand  basic principle and requirement to carry out dark 
fermentation 

ü To understand the chemical equations

Objectives

ANAEROBIC DIGESTIONTopic

Hydrolysis, acetogenesis, acidogenesis and methanogenesis

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Anaerobic Digestion

Anaerobic digestion is a process to sustainably utilise the biomass by 
combining the principles of sustainable waste management with 
pollution control to generate valuable energy products. This process 
provides renewable energy along with fertilizers from residue. It 
contributes to reduce waste volume and cost to process waste 
disposal. This process involves the breakdown of biodegradable 
organic material in the absence of oxygen over a temperature range 
of 30-65 oC. Organic substrate can only be fermented in the absence 
of external electron acceptor; it is the process where the organic 
substrate acts as both electron donor and acceptor. The main end 
product of ADP is biogas (a gas mixture made of methane, CO2, H2 
and other volatile fatty acids) (Antonella , 2012). In ADP the product 
produced by one group of bacteria serves as a substrate for the next 
stage. Figure 4 shows the principle reaction sequences in AD process 
that can be classified in to four major groups defined as follows: 

Resource Two
Data Source

Figure 4

Various stages in anaerobic 
digestion 



Hydrolysis 

This is the first stage where all the proteins, carbohydrate and fat are 
depolymerised by acidogenic bacteria into sugar, amino acids, glycerol 
and long chain fatty acid by hydrolytic exo-enzymes for e.g. cellulose, 
amylase, protease, and lipase. The hydrolysis reaction is presented by 
the equation below (Ostrem, 2004).

𝐶!𝐻"#𝑂$ + 2𝐻%𝑂 → 𝐶!𝐻"%𝑂! + 𝐻%

Hydrolysis is the slow process but can take longer if the substrate is
solid waste. Carbohydrate is rapidly hydrolysed to simple sugar and
then to volatile fatty acids.

Acidogenesis

It is the immediate step followed by the hydrolysis. In this step the
organics are converted by acid forming bacteria to higher organic acid
such as mostly short chain (volatile) acids (e.g., propionic acid
CH3CH2COOH, formic acid HCOOH, lactic acid C3H6O3, butyric acid
CH3CH2CH2COOH), ketones (e.g., ethanol C2H5OH, methanol CH3OH,
glycerol, acetone) and alcohols, hydrogen and carbon dioxide. This
process is also termed as fermentation and the performance in this
stage varies with the type of bacteria and cultural conditions such as
temperature and pH. The chemical equation for this stage is shown
below:

𝐶!𝐻"%𝑂! → 2𝐶𝐻&𝐶𝐻%𝑂𝐻 + 2𝐶𝑂%

𝐶!𝐻"%𝑂! + 2𝐻% → 2𝐶𝐻&𝐶𝐻%𝐶𝑂𝑂𝐻 + 2𝐻%𝑂

𝐶!𝐻"%𝑂! → 3𝐶𝐻&𝐶𝑂𝑂𝐻

From these products hydrogen, carbon dioxide, and acetic acid will
skip the third stage, and these will be utilise by the methanogenesis
bacteria in the last stage (Ostrem, 2004).

Resource Two
Data Source

Deep 
Dive



Acetogenesis

In this stage the rest of the acidogenesis products that is propionic 
acid, butyric acid and alcohols are transformed by acetogenic bacteria 
then into hydrogen, carbon dioxide and acetic acid. Hydrogen plays an 
important role in this stage; partial pressure of the hydrogen must be 
low enough to allow conversion of all the acids thermodynamically. 
Equation below shows the conversion of propionate to acetate. 
Glucose and ethanol are also converted to acetate in this stage of 
Anaerobic digestion process (Ostrem, 2004).

𝐶𝐻&𝐶𝐻%𝐶𝑂𝑂' + 3𝐻%𝑂 → 𝐶𝐻&𝐶𝑂𝑂' + 𝐻( + 𝐻𝐶𝑂& + 3𝐻%

𝐷𝑎𝑟𝑘 𝐹𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝐶!𝐻"%𝑂! + 2𝐻%𝑂
→ 2𝐶𝐻&𝐶𝑂𝑂𝐻 + 2𝐶𝑂% + 4𝐻%

𝐶!𝐻"%𝑂! → 3𝐶𝐻&𝐶𝑂𝑂' + 2𝐻% + 𝐻(

Methanogenesis

Methane gas and carbon dioxide is produced in this stage. This activity 
is carried out methanogens also called methane formers by two 
methods either by bifurcation of acetic acid molecules to generate 
carbon dioxide and methane or by reduction of carbon dioxide with 
hydrogen. Methane production is higher in the later method (Verma, 
2002). 

𝐶𝑂% + 4𝐻% → 𝐶𝐻$ + 2𝐻%𝑂

2𝐶%𝐻)𝑂𝐻 + 2𝐶𝑂% → 𝐶𝐻$ + 2𝐶𝐻&𝐶𝑂𝑂𝐻

𝐶𝐻&𝐶𝑂𝑂𝐻 → 𝐶𝐻$ + 𝐶𝑂%

Hydrogen produced by biological means is less energy intensive and 
more environmental friendly in terms of global reduction of CO2. Bio 
hydrogen has the capability to become cost competitive as they utilise 
low value biomass as

Resource Two
Data Source



feedstock. Bio hydrogen can be produced by both autotrophic and 
heterotrophic microorganisms. Solar energy is directly converted via 
photosynthetic reaction mediated by photosynthetic microorganisms 
in autotrophic reaction. On the other hand, organic substrate is 
transformed in to simple organic compound with simultaneous 
production of molecular hydrogen. Heterotrophic conversion consists 
of photo fermentation and fermentation.

Resource Two
Data Source



Resource Two
Activities

1. Draw the flow chart for each of the step mentioned in anaerobic 
digestion writing the starting and ending product.

Analyse the equation at each stage write the end product for 
following reactions

𝐶!𝐻"%𝑂! + 2𝐻% → ____________ + _______

𝐶!𝐻"%𝑂! + 2𝐻%𝑂 → ______________ + _______ + _____

𝐶𝑂%+4𝐻% → ________ + ______

2. Compare and contrast the methods of conventional and 
renewable hydrogen generation methods. Be sure to consider the 
advantages and disadvantages of both.

3. What are the key parts in the digestor?

4. What is  the key difference between anaerobic and aerobic 
digestion?

5. What is required to carry out anaerobic digestion? Draw a 
schematic diagram for the process and label it.

Activities

Problem 
solving



Resource Two
Further Reading

Anaerobic digestion is used to treat the sludge and its disposal

Look insight to see how it is done

https://www.britannica.com/technology/wastewater-
treatment/Sludge-treatment-and-disposal#ref593283

Explore

Independent
research

https://www.britannica.com/technology/wastewater-treatment/Sludge-treatment-and-disposal


Resource Three
Overview

By the end of this resource, you will have:

ü Developed an understanding of light fermentation and dark 
fermentation 

Objectives

Dark Fermentation and Light fermentation to produce Biohydrogen Topic

Biohydrogen production, Biological process

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Light Fermentation

Light fermentation is  also called photo fermentation because it takes 
place in the presence of light and the micro-organism used in the 
fermentation requires light to grow. Light source mostly used in the 
fermentation is by sun or sometimes it is provided by artificial source.

Photo fermentation when used with rhodobacter sphaerooids or any 
other purple non-sulphuric bacteria converts small molecular fatty 
acids to hydrogen and other products. The reaction is represented by 
the following equation.

𝐶!𝐻"%𝑂! + 6𝐻%𝑂 −−−−→ 6𝐶𝑂% + 12𝐻%

Photo fermentation via purple non-sulphur producing bacteria has 
been explored as a method for the production of biofuel. The natural 
fermentation product of these bacteria, hydrogen gas, can be 
harnessed as a natural gas energy source. Photo fermentation via 
algae instead of bacteria is used for bioethanol production, among 
other liquid fuel alternatives. The figure 5 below shows the process of 
photo fermentation.

Resource Three
Data Source

Figure 5

Photo fermentation in 
presence of sun light

Active Reading



This is one biological way to produce biohydrogen the other one is 
carried out in absence of light which is called dark fermentation and is 
elaborated in the next section.

Dark Fermentation

It is a biological process performed under anoxic conditions in the 
presence of bacteria which grows in the absence of light under 
appropriate environmental conditions. Fermentative hydrogen 
production depends on the activities of hydrogenase or nitrogenase 
mediated metabolism for hydrogen production.  In fermentative 
process from carbohydrates. hydrogenase-mediated metabolism is 
preferred over nitrogenase mediated due to its higher fermentative 
hydrogen yields that is theoretically H2 yield of 4 mol H2 mol hexose-1. 
Dark fermentation has various advantages such as high and constant 
rate of hydrogen during day and night. The growth rate is good to 
supply hydrogen caused by fermentative bacteria. It is an optimise 
way to divert the food and agricultural waste from landfill. One of the 
main restrictions of using dark fermentation is low yield in the 
following reaction that generates 2-4 mol H2 mol glucose-1 as shown in 
equation below (Bundhoo, Mohee, & Hassan, 2015):

𝐶!𝐻"%𝑂! + 2𝐻%𝑂 → 2𝐶𝐻&𝐶𝑂𝑂𝐻 + 2𝐶𝑂% + 4𝐻% −−
− 𝐴𝑐𝑒𝑡𝑎𝑡𝑒 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛

𝐶!𝐻"%𝑂! + 2𝐻%𝑂
→ 2𝐶𝐻&𝐶𝐻%𝐶𝐻%𝐶𝑂𝑂𝐻 + 2𝐶𝑂% + 2𝐻% −
− −𝐵𝑢𝑡𝑦𝑟𝑎𝑡𝑒 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛

Figure 6 shows the basic diagram for dark fermentation. All you need 
is a big container where you can feed all the waste and keep it for 
several days by maintaining certain temperature and pH. Biohydrogen 
can be separated from a gaseous mixture by the help of gas separator.

Resource Three
Data Source



Resource Three
Data Source

Figure 6

Basic schematic diagram for 
the process to produce 

biohydrogen 



Resource Three
Activities

1. Dark stage fermentation is often called 1 stage fermentation. 
Explore how dark fermentation can be combined with light 
fermentation to increase the yield of biohydrogen generation.

ü Challenge: Include diagrams to help explain you answer 
and the process.

2. Now you have develop your understanding on both the biological 
ways and the chemistry involved in the reactions, consider the 
advantages and disadvantages of using each method 
independently. 

3. What is the purpose of pre-treatment block in Figure 6 ? 

4. What happens in the reactor in dark fermentation ?

5. Challenge Activity: Calculate the efficiency for acetate and 
butyrate pathways, using an equation.

Activities

Problem 
solving



Resource Three
Further Reading

Case study

Explore how a Spanish company is developing renewable fuel from 
sewage and other waste by following this link.

https://www.thethings.com/new-fuel-no-co2-made-from-sewage/

Explore

Independent
research

https://www.thethings.com/new-fuel-no-co2-made-from-sewage/


Resource Four
Overview

By the end of this resource, you will understand:

ü Hydrogen producing bacteria

ü Anaerobic and facultative anaerobic bacteria

ü Pure culture and mixed culture inoculum source

Objectives

Hydrogen producing bacteriaTopic

Anaerobic and Facultative anaerobic bacteria

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



There are a variety of microbes that can help to produce biohydrogen 
when mixed with food waste. It is reported in the literature that not 
only pure microbes but the mixed culture, e.g. anaerobic sludge, 
waste water and sewage sludge, can be used to produce biohydrogen 
more efficiently with some pre-treatment to kill 

methanogens. Hydrogen production through microbes is possible for 
two reasons first, excessive reducing equivalents are disposed during 
fermentative metabolism that is carried out in dark anaerobic process 
or with anoxic photosynthetic activity. Secondly hydrogen is a by-
product of the action of nitrogenase (enzyme which is necessary for 
N2 fixation) (McKinlay & Harwood, 2010). The correlation of microbes 
used in an experiment depends on the nature of substrate.

Anaerobic Bacteria 

Anaerobic bacteria have a lack of catalase which breaks hydrogen 
peroxide (H2O2) to oxygen and water, peroxidase by which NADH + 
H2O2 are converted to NAD and O2 and superoxide dismutase by 
which superoxide, O2 is converted to H2O2. All these enzymes help to 
detoxify peroxide and oxygen free radicals that are produced during 
metabolism in oxygen presence. Glycolysis and fermentation included 
in anaerobic respiration. Hydrogen is produced when NADH 
(generated during glycolysis) is converted back to NAD. The hydrogen 
is added to pyruvate and depending on the bacterial species a variety 
of metabolic end-products are produced (Hwang et al., 2011).  Few 
examples of anaerobic bacteria to produce hydrogen are: 

Resource Four
Data Source



Clostridia

The clostridia are typically large, straight rods with slightly rounded 
ends. Pleomorphic forms, including filaments or elongated cells, club 
and spindle-shaped forms (clostridium is Latin for ‘little spindle’) are 
commonly seen in stained smears from cultures or wounds. They are 
Gram positive but may appear to be Gram negative. All produce 
spores, which enable the organisms to survive in adverse conditions, 
for example in soil and dust and on skin.

Facultative Anaerobe Bacteria

Unlike anaerobes. Facultative anaerobes can grow in aerobic and 
anaerobic condition using organic compounds to produce catabolism 
by accepting electron (Economics, Taking, & This, 1982). The main 
microbes in this category to produce hydrogen are Enterobacter and 
Escherichia coli.

Enterobacte

Enterobacter are ubiquitous in nature; their presence in the intestinal 
tracts of animals results in their wide distribution in soil, water, and 
sewage. They are also found in plants. In humans, 
multiple Enterobacter species are known to act as opportunistic 
pathogens (disease-causing organisms), including E. cloacae, E. 
aerogenes, E. gergoviae, and E. agglomerans. 
Pathogenic Enterobacter can cause any of a variety of conditions, 
including eye and skin infections, meningitis, bacteremia(bacterial 
blood infection), pneumonia, and urinary tract infections. In many 
instances, illness caused by E. cloacae or by E. aerogenes is associated 
with exposure to the organisms in nosocomial settings, such as 
hospitals or nursing homes.

Resource Four
Data Source

Deep 
Dive

https://www.merriam-webster.com/dictionary/ubiquitous
https://www.britannica.com/science/Enterobacter-aerogenes
https://www.britannica.com/science/meningitis
https://www.britannica.com/science/bacteremia
https://www.britannica.com/science/pneumonia
https://www.britannica.com/science/urinary-tract-infection


E.coli

E.coli is a Gram-negative, facultative anaerobic, rod-shaped, coliform 
bacterium of the genus Escherichia that is commonly found in the 
lower intestine of warm-blooded organisms (endotherms). Most E. 
coli strains are harmless, but some serotypes can cause serious food 
poisoning in their hosts, and are occasionally responsible for product 
recalls due to food contamination. The harmless strains are part of 
the normal microbiota of the gut, and can benefit their hosts by 
producing vitamin K2, and preventing colonization of the intestine 
with pathogenic bacteria, having a symbiotic relationship. E. coli is 
expelled into the environment within fecal matter. The bacterium 
grows massively in fresh faecal matter under aerobic conditions for 3 
days, but its numbers decline slowly afterwards. 

These are the pure culture, on the other hand a mixed culture is one 
that contains more than one type of organism growing in a sterile 
medium, such as agar. The mixed culture can include multiple species 
of viruses, bacteria and parasites, which may or may not live in 
harmony with one another, sharing the available resources. A mixed 
culture could be a sewage sludge, anaerobic waste and any open 
environmental waste which has variety of unknown bacteria species 
in it.

Resource Four
Data Source



Resource Four
Activities

1. Highlight the main differences between anaerobic and facultative 
anaerobic bacteria.

2. Choose True or False

1. Anaerobic bacteria can grow in open air

2. Nitrogen gas has major effect on the growth of microbes 
in aerobic environment

3. Microbes can easily penetrate and contaminate the  skin

4. Microbes growth is maximum at room temperature

3. How many levels are there to classify microbes?

4. What is aseptic technique?

5. What is the difference between pathogens and non-pathogens?

Activities



Resource Four
Further Reading

Now you have understand the concept of energy production from 
waste here is a video to watch how it can be implemented on small 
scale for the production of methane gas from waste

https://www.youtube.com/watch?v=fDw2IoPxY9k

Explore

Independent
research

https://www.youtube.com/watch?v=fDw2IoPxY9k


Resource Five
Overview

By the end of this resource, you will understand:

ü How temperature effects of pH on microbial growth and inoculum 
sources

Objectives

Factors for Dark FermentationTopic

Fermentation, the role of pH, temperature and microbes

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Temperature

Operating temperature is categorised in three groups: mesophilic 
35oC (lower), thermophilic  55oC (higher) and extreme thermophilic 
>65oC. Thermophilic temperature produces more yield of hydrogen 
compare to mesophilic temperature. Hydrogen production depends 
on the temperature as it directly emphasis the hydrolysis stage in 
ADP. Biomass such as agricultural residue requires high temperature 
to achieve higher amount of hydrogen as better hydrolysis of 
lignocellulose compound is needed. In contrast easily, bio degradable 
substrate is favoured to treat under mesophilic temperature. The 
thermophilic condition is preferred over mesophilic temperature 
ranges in dark fermentation process as it is cost effective, requires 
less feed stock and gives more yield of hydrogen. The summary of 
temperature effects is elaborated in the figure 7.

Resource Five
Data Source

Figure 7

Trade-off between 
temperature range and 

time duration



Inoculum Sources 

Hydrogen synthesizing bacteria exist commonly in environments such 
as soil, waste water, sludge and compost. All these materials can be 
used as inoculum source and are termed as mixed culture sources, 
among them most popular ones are cow dung, anaerobic sludge, 
municipal solid waste, soil and compost. Due to the practicality of 
environmental engineering applications, economic benefits in 
operation, easiness in control based on differential kinetics of 
microbial subgroups and broader feed stock choice mixed culture 
inoculum source is preferred over pure culture. However further 
inoculum sources need to be pre-treated to reduce the activities of 
methanogens and homoacetogens that is often found in mixed 
inoculum (M. L. Zhang et al., 2007),(Stavropoulos, Kopsahelis, Zafiri, & 
Kornaros, 2016),(“Bio-hydrogen production from waste materials,” 
2006)

pH 

pH plays a vital role in the production of bio hydrogen. It is very 
important to maintain the pH for example, bacteria like methanogen 
is sensitive to the acid concentration and its growth can be lowered by 
acidic conditions under mesophilic and thermophilic conditions. The 
acid condition in aqueous solution is represented by pH value that is 
the concentration of hydrogen ions. Water has concentration of 10-7 
hydrogen ions at neutral condition and bears a pH value 7. Similarly, 
acidic solution have pH value that is less than 7 while alkaline 
solutions have slightly higher pH that is more than 7. pH influences 
the metabolic pathways as it may directly affect hydrogenase activity 
that is an iron containing enzyme which plays a major role in dark 
fermentation. As said earlier, acidic pH is helpful for the hydrogen 
producing bacteria but cause

Resource Five
Data Source



inhibition to methanogens activities in a mixed cultured system. The 
optimum pH range for bio hydrogen production varies from 5.5-7 in 
dark fermentation of sucrose. pH effect the metabolic by-products 
and bio hydrogen yields. For e.g. neutral operational pH favours the 
acetate pathways while acidic pH conditions favour the butyrate 
pathways. Thus it is very crucial to determine the optimum range of 
pH for the selected substrate to produce more amount of bio 
hydrogen. Figure 8 below shows the effect of pH on the growth of 
hydrogen producing bacteria.

Resource Five
Data Source

Figure 8

Growth of bacteria at 
certain range of pH



Resource Five
Activities

1. Draw a pH scale and colour in accordingly

2. Give the temperate range for the following: Mesophilic, 
Thermophilic and Hyperthermophile

3. True or False

1. Microbes can grow at infinite scale without adding any 
nutrients

2. Temperature range is determined by the kind of micro-
organism

3. Salty/ basic pH kills the microbes

4. Yeast undergo through fermentation. It is considered as a micro-
organism which is effected by variables like temperature and pH.
Study the effect of those parameters on the growth of yeast and 
discuss.

5. How do bacteria reproduce? Explain in as much detail as possible.

Activities

Providing 
evidence



Resource Five
Further Reading

Learn it by doing a practical

http://www.rsc.org/learn-
chemistry/resource/res00000470/fermentation-of-glucose-using-
yeast?cmpid=CMP00005115

Explore

Independent
research

http://www.rsc.org/learn-chemistry/resource/res00000470/fermentation-of-glucose-using-yeast?cmpid=CMP00005115


Resource Six
Overview

By the end of this resource, you will:

ü Understand the working principle of microbial fuel cell

ü Understand Schematic diagram of microbial fuel cell

ü Understand the chemical reaction, oxidation and redox reaction at 
anode and cathode 

Objectives

How Electricity Is Produced Using Microbial Fuel CellTopic

Microbial fuel cell, Ohms law Electricity production,

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Microbial Fuel Cell

Electricity is essentially a combination of positive and negative 
charges. In the same way biogas generated from the waste consist of 
ionised gas mixture. A microbial fuel cell (MFC) is a bio-
electrochemical device that harnesses the power of respiring 
microbes to convert organic substrates directly into electrical energy. 
At its core, the MFC is a fuel cell, which transforms chemical energy 
into electricity using oxidation reduction reactions. The key difference 
of course is in the name, microbial fuel cells rely on living biocatalysts 
to facilitate the movement of electrons throughout their systems 
instead of the traditional chemically catalysed oxidation of a fuel at 
the anode and reduction at the cathode. Figure 9 shows the practical 
model of Microbial fuel cell at small scale.

Resource Six
Data Source

Figure 9

Microbial fuel cell



For any fuel cell to work you need to have a means of completing a 
circuit. In the case of the MFC you have a cathode and an anode 
separated by a cation selective membrane and linked together with 
an external wire as seen in figure 10 below. When an organic "fuel" 
enters the anode chamber, the bacteria set to work oxidizing and 
reducing the organic matter to generate the life sustaining ATP that 
fuels their cellular machinery. Protons, electrons, and carbon dioxide 
are produced as by-products, with the anode serving as the electron 
acceptor in the bacteria's electron transport chain.

The newly generated electrons pass from the anode to the cathode 
using the wire as a conductive bridge. At the same time protons pass 
freely into the cathode chamber through the proton exchange 
membrane separating the two chambers. Finally, an oxidizing agent or 
oxygen present at the cathode recombines with hydrogen and the 
electrons from the cathode to produce pure water, completing the 
circuit. Replace that wire with a light bulb or some other device that 
requires electricity and you have effectively harnessed the power of 
microbes to solve your energy needs. 

Resource Six
Data Source

Figure 9

Schematic representation 
of MFC



Organic matter used here is any form of sugar and MFC is capable of 
producing electricity at the same time by chemical reaction 
elaborated in the equations below:

Measuring Electric Current in MFC

Electrons carry a negative electrical charge. The movement of these 
negatively charged electrons is called electricity. In a microbial fuel 
cell (MFC) electrons are released at the anode so the anode has a 
more negative charge, also referred to as electric potential, compared 
to the cathode. The difference between the electric potentials of the 
two electrodes (anode and cathode) is referred to as voltage, 
measured in volts (V) and represented by V. The larger the voltage 
between the electrodes the more electricity wants to flow. The 
measurement of electrical flow is referred to as electrical current and 
is measured in amperes (A) and represented by I. The relationship 
between voltage and current is described by Ohm’s law (equation 
below) and is dependent on electrical resistance, which measured in 
ohms (Ω) and represented by R. Using a water analogy to describe 
electricity, voltage is the pressure pushing the water through a pipe. A 
larger voltage means more pressure. Resistance is the size of the pipe; 
a higher resistance is equal to smaller pipe from which less water can 
flow through. Current is the measurement of how much water flows. 
V = I x R or I = V/R To determine electrical current produced by the 
MFC, measure the voltage on opposite sides of the resistor. Then use 
the measured voltage and the known resistance of the resistor to 
calculate current. 

Resource Six
Data Source



Resource Six
Activities

1. Write a definition of electricity

2. How do MFCs and alkaline batteries differ in how they generate 
electricity? 

3. What is the function of cathode and anode?

4. Circle the materials that can be used as conductive material 

5. Challenge Activity: Try out the experiment on the next page. 

Activities

Steel    Wood    Tin    Aluminium    Plastic    Rubber



Resource Six
Activities



Resource Six
Further Reading

Here is an interesting video to watch how MFC convert waste waster 
into electricity 

https://www.youtube.com/watch?v=ZotwUJAb8R4&feature=youtu.b
e

Explore

Independent
research

https://www.youtube.com/watch?v=ZotwUJAb8R4&feature=youtu.be


Final
Reflection

ü Understand the possibility that food waste can be used to generate
something useful

ü Small scale implementation to utilise the food waste

ü Compare the energy generation from waste and fossil fuels, study
the carbon emission foot prints

ü Challenges in the production of renewable energy generation from
food waste

Objectives

Make a presentation to show how food waste is used to generate
renewable energy sources around the world

Topic

Prepare the presentation which highlights the following contents 
• Background of Biohydrogen as renewable energy

• How different countries utilise their food waste
• Why Dark fermentation is economical to produce biohydrogen
• Study the environmental effect on the production of biohydrogen 

from food waste
• Include one video from any part of the world which shows how 

waste is helpful to produce electricity
• Join online energy forums and get the insight of what's happening 

around the world
• Form a ‘’Green Society’’ and discuss to make the planet safe and 

healthy !

Instructions

Deep 
Dive
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Why is good note taking important?

If it feels like you forget new information almost as quickly as you hear it, even if you write it 
down, that’s because we tend to lose almost 40% of new information within the first 24 
hours of first reading or hearing it. 

If we take notes effectively, however, we can retain and retrieve almost 100% of the 
information we receive. Consider this graph on the rate of forgetting with study/repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell in the USA. 
The system includes interacting with your notes and is suitable for all subjects. There are 
three steps to the Cornell Note System. 

Retention: the act of 
absorbing, and 

continuing to keep 
information

Repetition: the act of 
repeating an 

interaction with the 
material / notes

Repetition 
increases 
retention

Drop in 
retention 
after 18 
minutes

Step 1: Note-Taking

1.   Create Format: Notes are set up in the Cornell 
Way. This means creating 3 boxes like the ones on 
the left.  You should put your name, date, and 

topic at the top of the page. 

2.  Write and Organise: You then take your notes in the 
‘note taking’ area on the right side of the page. You should 

organise these notes by keeping a line or a space 
between ‘chunks’ /main ideas of information. You 
can also use bullet points for lists of information to 
help organise your notes.

University 
Ready!

University Study Skills
Cornell Notes



Step 2 Note-Making

1.   Revise and Edit Notes: Go back to box 1, the note taking area and spend some time revising 
and editing. You can do this by: highlighting ‘chunks’ of information with a number or a colour; 
circling all key words in a different colour; highlighting main ideas; adding new information in 
another colour

2.  Note Key Idea: Go to box 2 on the left hand side of the page and develop some questions about 
the main ideas in your notes. The questions should be ‘high level’. This means they should 
encourage you to think deeper about the ideas. Example ‘high level’ questions would be:
• Which is most important / significant reason for…
• To what extent…
• How does the (data / text / ideas) support the viewpoint?
• How do we know that…
Here is an example of step 1 and step 2 for notes on the story of Cinderella:

Step 3 Note-Interacting

1.   Summary: Go to box 3 at the bottom of the page and summarise the main ideas in box 1 and 
answer the essential questions in box 2. 

Give the Cornell Note Taking System a try and see if it works for you!



These words will often be used when university tutors set you essay questions - it is a good 
idea to carefully read instruction words before attempting to answer the question. 

Analyse – When you analyse something you consider it carefully and in detail in order to 
understand and explain it. To analyse, identify the main parts or ideas of a subject and 
examine or interpret the connections between them.

Comment on – When you comment on a subject or the ideas in a subject, you say something 
that gives your opinion about it or an explanation for it.

Compare – To compare things means to point out the differences or similarities between 
them. A comparison essay would involve examining qualities/characteristics of a subject and 
emphasising the similarities and differences. 

Contrast – When you contrast two subjects you show how they differ when compared with 
each other. A contrast essay should emphasise striking differences between two elements. 

Compare and contrast – To write a compare and contrast essay you would examine the 
similarities and differences of two subjects. 

Criticise – When you criticise you make judgments about a subject after thinking about it 
carefully and deeply. Express your judgement with respect to the correctness or merit of the 
factors under consideration. Give the results of your own analysis and discuss the limitations 
and contributions of the factors in question. Support your judgement with evidence. 

Define – When you define something you show, describe, or state clearly what it is and what 
it is like, you can also say what its limits are. Do not include details but do include what 
distinguishes it from the other related things, sometimes by giving examples. 

Describe – To describe in an essay requires you to give a detailed account of characteristics, 
properties or qualities of a subject.

Discuss – To discuss in an essay consider your subject from different points of view. Examine, 
analyse and present considerations for and against the problem or statement.

University Study Skills
Key Instruction Words

University 
Ready!



Evaluate – When you evaluate in an essay, decide on your subject’s significance, value, or 
quality after carefully studying its good and bad features. Use authoritative (e.g. from 
established authors or theorists in the field) and, to some extent, personal appraisal of both 
contributions and limitations of the subject. Similar to assess.

Illustrate – If asked to illustrate in an essay, explain the points that you are making clearly by 
using examples, diagrams, statistics etc.

Interpret – In an essay that requires you to interpret, you should translate, solve, give 
examples, or comment upon the subject and evaluate it in terms of your judgement or 
reaction. Basically, give an explanation of what your subject means. Similar to explain.

Justify – When asked to justify a statement in an essay you should provide the reasons and 
grounds for the conclusions you draw from the statement. Present your evidence in a form 
that will convince your reader.

Outline – Outlining requires that you explain ideas, plans, or theories in a general way, 
without giving all the details. Organise and systematically describe the main points or 
general principles. Use essential supplementary material, but omit minor details. 

Prove – When proving a statement, experiment or theory in an essay, you must confirm or 
verify it. You are expected to evaluate the material and present experimental evidence 
and/or logical argument.

Relate – To relate two things, you should state or claim the connection or link between 
them. Show the relationship by emphasising these connections and associations. 

Review – When you review, critically examine, analyse and comment on the major points of 
a subject in an organised manner

University Study Skills
Key Instruction Words



Exploring Careers and Study Options
ü Find job descriptions, salaries and hours, routes into different careers, and more 

at https://www.startprofile.com/
ü Research career and study choices, and see videos of those who have pursued various 

routes at http://www.careerpilot.org.uk/
ü See videos about what it’s like to work in different jobs and for different organisations 

at https://www.careersbox.co.uk/
ü Find out what different degrees could lead to, how to choose the right course for you, and 

how to apply for courses and student finance at https://www.prospects.ac.uk/
ü Explore job descriptions and career options, and contact careers advisers 

at https://nationalcareersservice.direct.gov.uk/
ü Discover which subjects and qualifications (not just A levels) lead to different degrees, and 

what careers these degrees can lead to, 
at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Comparing Universities

ü https://www.whatuni.com/
ü http://unistats.direct.gov.uk/
ü https://www.thecompleteuniversityguide.co.uk/
ü Which? Explorer tool – find out your degree options based on your A level and BTEC 

subjects: https://university.which.co.uk/

UCAS

ü Key dates and deadlines: https://university.which.co.uk/advice/ucas-application/ucas-
deadlines-key-application-dates

ü Untangle UCAS terminology at https://www.ucas.com/corporate/about-us/who-we-
are/ucas-terms-explained

ü Get advice on writing a UCAS personal statement 
at https://www.ucas.com/ucas/undergraduate/getting-started/when-apply/how-
write-ucas-undergraduate-personal-statement

ü You can also find a template to help you structure a UCAS statement, 
at https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf

ü How to survive Clearing: https://university.which.co.uk/advice/clearing-results-
day/the-survivors-guide-to-clearing

University
Guidance

University 
Ready!

https://www.startprofile.com/
http://www.careerpilot.org.uk/
https://www.careersbox.co.uk/
https://www.prospects.ac.uk/
https://nationalcareersservice.direct.gov.uk/
http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf
https://www.whatuni.com/
http://unistats.direct.gov.uk/
https://www.thecompleteuniversityguide.co.uk/
https://university.which.co.uk/
https://university.which.co.uk/advice/ucas-application/ucas-deadlines-key-application-dates
https://www.ucas.com/corporate/about-us/who-we-are/ucas-terms-explained
https://www.ucas.com/ucas/undergraduate/getting-started/when-apply/how-write-ucas-undergraduate-personal-statement
https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf
https://university.which.co.uk/advice/clearing-results-day/the-survivors-guide-to-clearing


Food Engineering at University

ü Biochemists investigate the chemical processes that take place inside all living things. 

ü Biochemists will need a high level of skill and ability in science and be good at solving 
problems. Working accurately and having an eye for detail will help you when examining 
samples under a microscope. 

ü You can find out more about different courses and entry requirements by exploring the 
UCAS Biology Guide online:          https://www.ucas.com/ucas/subject-guide-
list/biological-sciences

ü You can find out more about the different careers by exploring the UCAS Biochemists 
Careers online;                                        https://www.ucas.com/ucas/after-gcses/find-
career-ideas/explore-jobs/job- profile/biochemist

Subject
Guidance

University 
Ready!

A Deeper Look Into Food Engineering

ü Listen:  Turning trash to fuel

https://www.youtube.com/watch?v=bkhQYycpdOg

ü Read: How biotechnology is renovating the food industry

https://www.omicsonline.org/open-access/applications-of-food-biotechnology-2157-

7625-1000215.php?aid=81688

ü Browse: How food engineering department at Sheffield Hallam university is working to 

reduce the salt content in the cheese while keeping the same taste

https://www.shu.ac.uk/research/specialisms/national-centre-of-excellence-for-food-

engineering/our-impact/greencore-reducing-salt-and-fat-content-of-baked-cheese-

products

https://www.ucas.com/ucas/subject-guide-list/biological-sciences
https://www.ucas.com/ucas/after-gcses/find-career-ideas/explore-jobs/job-profile/biochemist
https://www.youtube.com/watch?v=bkhQYycpdOg
https://www.omicsonline.org/open-access/applications-of-food-biotechnology-2157-7625-1000215.php?aid=81688
https://www.shu.ac.uk/research/specialisms/national-centre-of-excellence-for-food-engineering/our-impact/greencore-reducing-salt-and-fat-content-of-baked-cheese-products
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