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Welcome

With a track record built over 40 years of student success, our BTEC International Level 3
qualifications are recognisedinternationally by governments, industry and higher
education. BTEC International Level 3 qualifications allow students to progress to the
workplace - either directly orvia study at a higherlevel. Over 100,000 BTEC students
apply to university every year. Their Level 3 BTECs, either on theirown orin combination with
Alevels, are accepted by UK andinternational universities, and higher-education institutes
forentrytorelevant degree programmes.

Why are BTECs so successful?

BTECs embody a fundamentally student-centred approach to the curriculum, with a
flexible, unit-based structure and knowledge applied through assignments. They enable
the holistic development of the practical, interpersonal and thinking skills required to
succeedin higher education and employment.

When creating these BTEC Internationals we focused on the skills and personal attributes
needed to navigate the future, and have worked with many higher education providers,
professional bodies, colleges and schools to ensure that theirneeds are met. Employers
are looking for future employees with a thorough grounding in the latest industry
requirements and work-ready skills such as critical thinking and problem solving.

Higher education needs students who have experience of research, extended writing
and meeting deadlines.

We have addressed these requirements by:

e Facilitating and guiding the development of transferable skills through the design
and delivery of the qualifications, using a holistic and practical framework which is
based onrecentresearchinto the most critical skills needed to navigate the future.
This Transferable Skills framework has been used to embed transferable skillsin the
qualifications where they naturally occurand also to signpost opportunities for
delivery and development as a part of the wider BTEC learning experience.

e Supporting the delivery of Sustainability Education and Digital Skills development
naturally through the content design of the qualifications. Mapping is provided for
each qualificationto identify where the opportunities for teaching and learning exist.

e Updatingsector-specific contentto ensureitisrelevant and future-facing.
¢ Implementing a consistent approachto assessment to better engage students, make
the qualifications more accessible forthem and more manageable for centres to deliver.

We are providing a wealth of support, bothresources and people, to ensure that students
and theirteachers have the best possible experience during their course. See Section 5 for
details of the support we offer.



A word to students

Today’s BTEC Internationals will require commitment and hard work, as you would expect of
the mostrespected applied learning qualificationin the world. You will have to complete a
range of units, be organised, take some assessments that we will set and your teachers will
mark, and undertake practical tasks and assignments. But you can feel proud to achieve a
BTEC because, whateveryour plansin life - whetheryou decide to study furtherorgo onto
work - your BTEC International will be your passport to success in the next stage of your life.

Goodluck and we hope you enjoy your course.
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1 Introduction

Why choose Pearson BTEC International Level 3
Qualifications in Green Energy?

We've listened to feedback from all parts of the green energy subject community,
including higher education. We’ve used this opportunity of curriculum change to redesign
qualifications so that they reflect the demands of a truly modern and evolving energy
environment - qualifications that enable your students to apply themselves and give
them the skills to succeedin their chosen pathway.

The units focus on developing knowledge, understanding and practical skills relevant to
green energy as applied to the modern world. Key features include hands-onresearch
tasks, planning work and reflective practice. Assessments are varied and designed to test
both technical proficiency and critical thinking. Evidence of achievement can be through
writtenreports, presentations, peerreviews, and/or live demonstrations. Each unit
encourages students to apply concepts toreal-world scenarios, fostering deeper
understanding. Assessment also emphasises communication, planning and evaluation,
aligning with higher education and sector expectations.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Total Qualification Time

Pearson specifies a total number of hours that it is estimated students will require to
complete and show achievement for the qualification: thisis the Total Qualification Time
(TQT). Within TQT, Pearson identifies the number of Guided Learning Hours (GLH) that we
estimate a centre delivering the qualification might provide. Guided learning means
activities, such aslessons, tutorials, online instruction, supervised study and giving
feedback on performance, that directly involve teachers and assessorsin teaching,
supervising and invigilating students. Guided learning includes the time required for
students to complete internal assessment under supervised conditions.

In addition to guided learning, otherrequired learning directed by teachers or assessors will
include private study, preparation forassessment, and undertaking assessment when not
under supervision, such as preparatory reading, revision and independent research.

BTEC Internationals have been designed around the number of hours of guided learning
expected. Eachunitin the qualification has a GLH value of 60. Thereisthen atotal GLH value
forthe qualification.

Each qualificationhas a TQT value. This may vary within sectors and across the suite
depending on the nature of the units in each qualification and the expected time for
otherrequiredlearning.

The following table shows the qualifications in this sector and their GLH and TQT values.

Qualification title | Size and structure Summary purpose

Pearson BTEC 180 GLH (30 Credits) The Certificateis for students who
International (380 TQT) want anintroduction to the sector
Level 3 Equivalentin size to 0.5 of an through appliedlearning and for
Certificatein International A Level. whom an element of green energy

would be complementary.

The qualification supports
progression to higher education
as part of a programme of study
thatincludes other appropriate
BTEC International Level 3
qualifications or International
Alevels.

Green Energy Three units of which one s

mandatory and assessed by
aPearson Set Assignment.
Mandatory content (33%,).

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Qualification title | Size and structure

Summary purpose

Pearson BTEC
International
Level 3 Extended
Certificatein
Green Energy

360 GLH (60 Credits)
(775TQT)

Equivalentinsizeto one
International A Level.

Sixunits of which three are
mandatory, two are assessed
by a Pearson Set Assignment.
Mandatory content (50%).

The Extended Certificateis for
studentswho areinterestedin
learning about the green energy
industry alongside other fields of
study, with a view to progressing
to awiderange of higher
education courses, not
necessarily in energy-related
subjects. The qualificationis
designedto be taken as part

of aprogramme of study that
includes other appropriate
BTEC International Level 3
qualifications or International
Alevels.

Pearson BTEC
International
Level 3
Foundation
Diplomain
Green Energy

540 GLH (90 Credits)
(M75TQT)

Equivalentinsizeto 1.5
International A Levels.

Nine units of which five are
mandatory, three are assessed
by a Pearson Set Assignment.
Mandatory content (56%).

The Foundation Diplomaiis for
students who want to study green
energy as a one-year, full-time
course, or forthose wanting to
take it alongside another area of
complementary or contrasting
study as part of atwo-year,
full-time study programme.

The qualification would support
progression to higher education if
taken as part of aprogramme of
study thatincluded other BTEC
International Level 3 qualifications
ornternational A Levels.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Qualification title | Size and structure

Summary purpose

Pearson BTEC
International
Level 3 Diploma
in Green Energy

720 GLH (120 Credits)
(1570 TQT)

Equivalentin size to two
International A Levels.

Twelve units of which seven are
mandatory, five are assessed
by a Pearson Set Assignment.
Mandatory content (58%).

The Diplomais for students who
want to study green energy as the
main element alongside another
area of complementary or
contrasting study as part of
atwo-year, full-time study
programme. The qualification
would support progression to
higher educationif taken as part
of aprogramme of study that
included other BTEC International
Level 3 qualifications or
International A Levels.

Pearson BTEC
International
Level 3 Extended
Diplomain
Green Energy

1080 GLH (180 Credits)
(2360 TQT)

Equivalentin size to three
International A Levels.

Eighteen units of which
eleven are mandatory,
eightare assessed by a
Pearson Set Assignment.
Mandatory content (61%).

The Extended Diplomais a
full-time course for students
who want to study green energy
as the main focus of atwo-year,
full-time study programme.

The qualification would support
progression to higher education
inits ownright. This qualification
could also directlylead to
employmentin Level 3roles
inthe energy sectororvia
higher-education energy or
engineering courses.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Structures of the qualifications at a glance

This table shows all the units and the qualifications to which they contribute. The full structure for these Pearson BTEC International
Level 3 Qualificationsin Green Energy is shownin Section 3 Structure. You must refer to the full structure to select units and plan your
programme.

Key

Pearson Set Assignment units M Mandatory units o Optional units
are shownin bold

Unitsize | Certificate Extended Foundation Diploma Extended
Certificate Diploma Diploma
(GLH) (180 GLH) (360 GLH) (540 GLH) (720GLH) | (1080 GLH)

1 HumanEnergy Use 60 M M M M M
2 Earth’s Atmosphere, Water, Land and Life 60 (@) M M M

3 Climate Change and Energy Policy 60 o o M M M
4 Principles of Sustainability 60 o o o M M
5 Scientific Principles for Energy Systems 60 M M
6 Mathematics for Energy Technicians 60 o o o o M
7 LoworZero CarbonEnergy Systems 60 o o o o M
8 Advanced Mathematics for Energy Technicians 60 o o o o M
9 Technical and Graphical Drawing for 60 M M M M

Energy Systems

10 The Hydrogen Energy Economy 60 M M M
11 Renewable Energy Systems 60 M
12 Wind Energy Systems 60 @) @) o @)

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 5



Unitsize | Certificate Extended Foundation Diploma Extended

Certificate Diploma Diploma
(GLH) (180 GLH) (360 GLH) (540 GLH) (720 GLH) (1080 GLH)
13 Hydroelectric and Marine Energy Systems 60 o o o o
14 Biomass and Biofuel Energy Systems 60 o o o o
15 SolarThermal and Photovoltaic Energy Systems 60 o o o
16 Battery Energy Storage Systems 60 o o o
17 Smart Energy Systems and Building Efficiency 60 @) o @)
18 Low-Carbon Heating Technologies 60 o @)
19 Geothermal Energy Applications 60 0]
20 Water Conservation and Management in Energy 60 o
Systems
21 Energy Auditing and Consultancy Practices 60 o
22 Low and Zero Carbon Transport Systems 60 o

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Qualification and unit content

Pearson has developed the content of the new BTEC Internationals in collaboration with
representatives from higher education and relevant professional bodies. In this way, we
have ensured that contentis up to date and thatitincludes the knowledge, understanding,
skills and attributes requiredin the sector.

Centres should ensure that delivery of contentis kept up to date. Some of the units

within the specification may contain references to legislation, policies, regulations and
organisations, which may not be applicable in the country you deliver this qualificationin,
orwhich may have gone out-of-date during the lifespan of the specification. Inthese
instances, itis possible to substitute suchreferences with ones that are current and
applicable inthe country you deliverin, subject to confirmation by your Standards Verifier.

Assessment

Assessment is specifically designed to fit the purpose and objective of the qualification.
ltincludes arange of assessment types and styles suited to vocational qualificationsin
the sector. Allassessmentis internal but some mandatory units have extra controls on
assessment and are assessed using Pearson Set Assignments.

Pearson Set Assignment (PSA) units

Some unitsinthese qualifications are assessed using a Pearson Set Assignment Brief
(PSAB), whichis set by Pearson and is marked by teachers. The teachers willmake grading
decisions based on the requirements and supporting guidance givenin the units.

Pearson Set Assignment units are subject to external standards verification processes
commonto all BTEC units. By setting the assignment for some units, we can ensure that
all students take the same set of assessments for a specific unit. For furtherinformation
on preparing for Pearson Set Assignments, see the Pearson BTEC International Level 3
Qualifications Supplementary Information document which is available on our website.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026



Internally assessed units

Allunitsin these qualifications are internally assessed and subject to external standards
verification. In some units, Pearson will set the assessments using Pearson Set Assignments,
which are marked by you. In other units, you set and assess the assignments that provide the
final summative assessment for each unit, using the examples and support that Pearson
provides. Before you assess you willneed to become an approved centre, if you are

not one already.

You will need to prepare to assess using the guidance in the Pearson BTEC International
Level 3 Qualifications Supplementary Information document, which is available on
ourwebsite.

Forunits where thereis no Pearson Set Assignment, you select the most appropriate
assessment styles according to the learning set outin the unit. This ensures that students
are assessed using a variety of styles to help them develop abroad range of transferable
skills. Students could be given opportunities to:

e write up the findings of theirownresearch

e usecase studiesto explore complex orunfamiliar situations

e carry out projects forwhich they have choice over the direction and outcomes

e demonstrate practical and technical skills using appropriate tools/processes, etc.

For these units, Pearson will provide an Authorised Assignment Brief (AAB) that you can use.

You willmake grading decisions based on the requirements and supporting guidance given
inthe units. Where a student has not achieved their expected level of performance foran
assignment, they may be eligible for one resubmission of improved evidence for each
assignment submitted if authorised by the Lead Internal Verifier.

To ensure any resubmissions are fairly and consistently implemented for all students,
the Lead Internal Verifier can only authorise aresubmission if certain conditions are met.
If the Lead Internal Verifier does authorise a resubmission, it must be completed within
15 working days of the student receiving the results of the assessment.

Feedback to students can only be given to clarify areas where they have not achieved
expected levels of performance. Students cannot receive any specific guidance or
instruction about how to improve work to meet assessment criteria or be given solutions
to questions or problemsinthe tasks.

If a student has stillnot achieved the targeted pass criteria following the resubmission
of improved evidence foran assignment, the Lead Internal Verifier may authorise,
under exceptional circumstances, one retake opportunity to meet the required pass
criteria. The retake can be of a task or subset of the assignment brief thatis of evidence
inanew orrevised form. The deadline for submission of the retake must fall within the
same academic year.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Language of assessment

Assessment of the units for these qualifications will be available in English but canbe
translated as necessary. A student taking the qualifications may be assessed in sign
language where itis permitted for the purpose of reasonable adjustment.

Forinformation onreasonable adjustments see the Pearson BTEC International Level 3
Qualifications Specification Supplementary Information document, which is available
onourwebsite.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Grading for units and qualifications

Achievementin a qualificationrequires a demonstration of depth of study in each unit,
assured acquisition of arange of practical skills required for progression to higher
education and successful development of transferable skills. Students achieving

a qualification willhave completed all units.

Units are assessed using a grading scale of Distinction (D), Merit (M), Pass (P) and
Unclassified (U). Allmandatory and optional units contribute proportionately to
the overall qualification grade.

BTEC International qualifications are graded using a scale of P to D*, or PP to D*D*, or
PPP to D*D*D* depending on the size of the qualification. Please see Section é formore
details. The relationship between qualification grading scales and unit grades will be
subjecttoregularreview as part of Pearson’s standards monitoring processes on the
basis of student performance and in consultation with key users of the qualification.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Preparing students for the future

Transferable sKkills

Recent future skills reports have highlighted the growingimportance of transferable skills
for students to succeedin their careers and lives in this fast-changing world.

Following research and consultation with FE educators and higher education institutions,
Pearson has developed a Transferable Skills framework to facilitate and guide the
development of transferable skills through these qualifications. The framework has

four broad skill areas, each with a cluster of transferable skills as shown below:

1.

4.

Managing yourself: (1) Taking personal responsibility; (2) Personal strengths and
resilience; (3) Career orientation planning; (4) Personal goal setting

Effective learning: (1) Managing own learning; (2) Continuous learning;
(3) Secondary research skills; (4) Primary research skills

Interpersonal skills: (1) Written communication; (2) Verbal and non-verbal
communications; (3) Teamwork; (4) Cultural and social intelligence

Solving problems: (1) Critical thinking; (2) Problem solving; (3) Creativity and innovation.

Eachtransferable skill has a set of descriptors that outline what achievement of the skill
looks like in practice. Each unitin these qualifications will show whether a transferable skill
has been:

1.

Fully embedded through the design of the teaching and learning content and
assessment of the unit. Skills that are embedded are ‘naturally occurring’ in that
they are inherent to the unit content and do not require extension activities to deliver.

. Signposted as an opportunity for delivery and development and would require

extension activities to deliver.

Units will show a summary of the transferable skills that have been embedded or signposted
and Appendix 2 shows the descriptors for each skill across all the skill clusters.

More information on the framework, its design and relevance for student progressionis
available inthe BTEC Transferable Skills Guide for Teachers.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026
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Digital skills

Digital skills are required in every industry as well as in everyday life and, with the
acceleration of automation and Alinindustry, itis critical for students to understand how
digitaltechnologies are relevant and applied in the context of the sectorthey are studying.

With this in mind, we have used the Digital Skills Framework published by the Institute
for Apprenticeships and Technical Education (IFATE) as a frame of reference to identify
opportunities for the delivery and development of digital skills in this qualification.

The Digital Skills framework for these qualifications has five categories with specific digital
characteristics that apply in varying extent across sectors:

1. Problem solving - The use of digital tools to analyse and solve problems

2. Digital collaboration and communication - Using digital tools to communicate
and share information with stakeholders

3. Transacting digitally - Using digital tools to set up accounts and pay for goods/services
4. Digital security - Identify threats and keep digital tools safe

5. Handling data safely and securely - Follow correct procedures when handling personal
and organisational data.

Opportunities to develop these digital skills are identified where they are relevant and
appropriate to a sector, meaning:

e where they naturally occur
e wheretheyaddnoassessmentburden
e where they willenhance a student’s skills and knowledge in the sector.

Appendix 3 shows a mapping of the teaching and learning content to the five categories
of the framework to show where opportunities to develop these digital skills existin these
qualifications.

Sustainability skills

To help students develop sustainability skills, practices and mindset, we have designed
contentinthese qualifications, aligned to the UNESCO Sustainable Development Goals
(17 SDGs), that are relevant and appropriate to the sector. The SDGs are the most common
point of reference for content that addresses sustainability and provides a useful and
pragmatic way of organising this content.

Sustainability knowledge and understanding may be included in the teaching and learning
content but not directly assessed. Alternatively, it could be assessed - the approach
chosenforeachunitis based onthe relevance of the sustainability skills, knowledge
orunderstanding to the purpose and scope of the unit.

Appendix 4 shows a mapping of the teaching and learning content to the relevant
SDGs to show where sustainability has beenincludedin these qualifications .

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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2 Qualification purpose

Pearson BTEC International Level 3 Qualifications
in Green Energy

In this section, you will find information on the purpose of these qualifications and how
their design meets that purpose through the qualifications' objectives and structures.

Who are these qualifications for?

The Pearson BTEC International Level 3 qualificationsin green energy are designed either
forstudentsinthe 16-19 age group, who wish to pursue a career in green energy via higher
educationto access graduate entry employment with businesses, or alternatively through
junioremployment.

The units demonstrate innovation by integrating scientific principles, digital systems
andreal-world technologies with data-driven analysis and sustainable systems thinking.
They connect foundational theory to practical application, emphasising sustainability,
emerging technologies andinterdisciplinary problem solving, enabling students to design,
evaluate and optimise low-carbon energy solutions within evolving energy scenarios.

Which size qualification to choose?

Choosing the most suitable size of qualification willdepend on the student’s broader
programme of study. For example, a student who wishes to focus solely on green energy
may take the Diploma or Extended Diploma, while a student who selects a smaller
qualification, such as the Certificate or Extended Certificate, may choose to combine

it with qualifications from other sectors, to support their desired progression. Smaller
qualifications are also suitable for students who are in employment and studying part-time.

Qualification structures have been designed to enable a student who starts with the
smallest qualification to progress easily to the larger qualifications.

What do these qualifications cover?

The content of these qualifications has been designed to support progression to particular
rolesin green energy, either directly into entry-level roles linked to these occupational
areas or, more likely, via particular higher-educationroutesin the particular areas. The
qualification content has been designed in consultation with employers, professional
bodies and higher-education providers to ensure that the contentis appropriate for the
progressionroutes identified.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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All students will be required to take mandatory content thatis directly relevant to
progressionroutesin all of the identified areas.

In addition, students take optional units that support the progressionroute identified in the
qualification title. Forexample, students taking the qualification as part of awork-based
learning qualification for energy consultancy could take units such as:

e Unit7:LoworZero Carbon Energy Systems
e Unit11: Renewable Energy Systems
e Unit 21: Energy Auditing and Consultancy Practices.

Studentslooking to follow an engineering route could take units such as:
e Unit 5: Scientific Principles for Energy Systems

e Unit 6: Mathematics for Energy Technicians

e Unit7:LoworZero Carbon Energy Systems.

Studentslooking to follow a specialist technology route could take units such as:
e Unit 5: Scientific Principles for Energy Systems

e Unit 9: Technical and Graphical Drawing for Energy Systems

e Unit18: Low-Carbon Heating Technologies.

What could these qualifications lead to?

These qualifications support progression to job opportunitiesin green energy at a variety
of levels. Jobs available in these areas could include:

e Climate Scientist

e Compliance Manager

e Energy Consultant

e Renewable Energy Engineer

e Sustainability Analyst

¢ Wind/SolarTechnician.

After achieving this qualification, while students can progress directly to entry-levelroles,
itis likely that many will do so via higher study. These qualifications are recognised by higher
educationinstitutions worldwide and provides students with opportunities to progressinto
further and higher study across various areas within the green energy sector.

Forexample:

e Pearson BTEC Higher Nationalsin Engineering (Electrical or Mechanical)

e BSc(Hons)in Energy Engineering / Renewable Energy Engineering

e BSc(Hons)in Building Services Engineering / Environmental Engineering.

NB: students should always check the entry requirements for degree programmes with the
relevant higher education provider.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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3 Structure

Qualification structures

The structures for the qualifications in this specification are:

e PearsonBTEC International Level 3 Certificate in Green Energy (180 GLH)

e PearsonBTEC International Level 3 Extended Certificate in Green Energy (360 GLH)
e PearsonBTEC International Level 3 Foundation Diplomain Green Energy (540 GLH)

e PearsonBTEC International Level 3 Diplomain Green Energy (720 GLH)

e PearsonBTEC International Level 3 Extended Diploma in Green Energy (1080 GLH).

Pearson BTEC International Level 3 Certificate in Green Energy (180 GLH)
Students must complete one mandatory unit and two optional units.

See Section é forrules on qualification awarding.

Mandatory unit - students complete and achieve unit

m

Human Energy Use 60 | Mandatory Set Assignment

Optional units - students complete 2 units

Unit Unit title How assessed

number

2 Earth’s Atmosphere, Water, 60 | Optional Set Assignment
Land and Life

3 Climate Change and Energy 60 | Optional Set Assignment
Policy

4 Principles of Sustainability 60 | Optional Set Assignment

6 Mathematics for Energy 60 | Optional Set Assignment
Technicians

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Unit Unit title GLH | Type How assessed

number

7 Low orZero Carbon Energy 60 | Optional Set Assignment
Systems

8 Advanced Mathematics for 60 | Mandatory Set Assignment
Energy Technicians

16

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Pearson BTEC International Level 3 Extended Certificate in Green Energy
(360 GLH)

Students must complete three mandatory units and three optional units.

See Section é forrules on qualification awarding.

Mandatory units - students complete and achieve all units

Unit Unit title GLH | Type How assessed
number

Human Energy Use Mandatory Set Assignment
2 Earth’s Atmosphere, Water, 60 | Mandatory Set Assignment
Land and Life
9 Technical and Graphical Drawing 60 | Mandatory Internal
for Energy Systems

Optional units - students complete 3 units

Unit Unit title GLH | Type How assessed

number

3 Climate Change and Energy 60 | Optional Set Assignment
Policy

4 Principles of Sustainability 60 | Optional Set Assignment

6 Mathematics for Energy 60 | Optional Set Assignment
Technicians

7 Low or Zero Carbon Energy 60 | Optional Set Assignment
Systems

8 Advanced Mathematics for 60 | Optional Set Assignment
Energy Technicians

12 Wind Energy Systems 60 | Optional Internal

13 Hydroelectric and Marine Energy 60 | Optional Internal
Systems

14 Biomass and Biofuel Energy 60 | Optional Internal
Systems

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Pearson BTEC International Level 3 Foundation Diploma in Green Energy
(540 GLH)

Students must complete five mandatory units and four optional units.

See Section é forrules on qualification awarding.

Mandatory units - students complete and achieve all units

Unit Unit title GLH | Type How assessed
number

Human Energy Use 60 | Mandatory Set Assignment
2 Earth’s Atmosphere, Water, 60 | Mandatory Set Assignment
Land and Life
3 Climate Change and Energy 60 | Mandatory Set Assignment
Policy
9 Technical and Graphical Drawing 60 | Mandatory Internal
for Energy Systems
10 The Hydrogen Energy Economy 60 | Mandatory Internal

Optional units - students complete 4 units

Unit title How assessed

4 Principles of Sustainability 60 | Optional Set Assignment

6 Mathematics for Energy 60 | Optional Set Assignment
Technicians

7 Low or Zero Carbon Energy 60 | Optional Set Assignment
Systems

8 Advanced Mathematics for 60 | Optional Set Assignment
Energy Technicians

12 Wind Energy Systems 60 | Optional Internal

13 Hydroelectric and Marine Energy 60 | Optional Internal
Systems

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Unit title Type How assessed

14 Biomass and Biofuel Energy 60 | Optional Internal
Systems

15 SolarThermal and Photovoltaic 60 | Optional Internal
Energy Systems

16 Battery Energy Storage Systems 60 | Optional Internal

17 Smart Energy Systems and 60 | Optional Internal
Building Efficiency

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Pearson BTEC International Level 3 Diploma in Green Energy (720 GLH)
Students must complete 7 mandatory units and five optional units.

See Section 6 forrules on qualification awarding.

Mandatory units - students complete and achieve all units

m i N

Human Energy Use 60 | Mandatory Set Assignment
2 Earth’s Atmosphere, Water, 60 | Mandatory Set Assignment
Land and Life
3 Climate Change and Energy 60 | Mandatory Set Assignment
Policy
4 Principles of Sustainability 60 | Mandatory Set Assignment
5 Scientific Principles for Energy 60 | Mandatory Set Assignment
Systems
9 Technical and Graphical Drawing 60 | Mandatory Internal
for Energy Systems
10 The Hydrogen Energy Economy 60 | Mandatory Internal

Optional units - students complete 5 units

Unit Unit title GLH | Type How assessed

number

6 Mathematics for Energy 60 | Optional Set Assignment
Technicians

7 Low or Zero Carbon Energy 60 | Optional Set Assignment
Systems

8 Advanced Mathematics for 60 | Optional Set Assignment
Energy Technicians

12 Wind Energy Systems 60 | Optional Internal

13 Hydroelectric and Marine Energy 60 | Optional Internal
Systems

Pearson BTEC International Level 3 Qualificationsin Green Energy -
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Unit title GLH | Type How assessed

14 Biomass and Biofuel Energy 60 | Optional Internal
Systems

15 SolarThermal and Photovoltaic 60 | Optional Internal
Energy Systems

16 Battery Energy Storage Systems 60 | Optional Internal

17 Smart Energy Systems and 60 | Optional Internal
Building Efficiency

18 Low-Carbon Heating 60 | Optional Internal
Technologies
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Pearson BTEC International Level 3 Extended Diplomain Green Energy
(1080 GLH)

Students must complete 11 mandatory units and seven optional units.

See Section é forrules on qualification awarding.

Mandatory units - students complete and achieve all units

Unit Unit title GLH | Type How assessed

number
Human Energy Use 60 | Mandatory Set Assignment

2 Earth’s Atmosphere, Water, 60 | Mandatory Set Assignment
Land and Life

3 Climate Change and Energy 60 | Mandatory Set Assignment
Policy

4 Principles of Sustainability 60 | Mandatory Set Assignment

5 Scientific Principles for Energy 60 | Mandatory Set Assignment
Systems

6 Mathematics for Energy 60 | Mandatory Set Assignment
Technicians

7 Low or Zero Carbon Energy 60 | Mandatory Set Assignment
Systems

8 Advanced Mathematics for 60 | Mandatory Set Assignment
Energy Technicians

9 Technical and Graphical Drawing 60 | Mandatory Internal
for Energy Systems

10 The Hydrogen Energy Economy 60 | Mandatory Internal

1 Renewable Energy Systems 60 | Mandatory Internal
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Optional units - students complete 7 units

Unit Unit title GLH | Type How assessed
number

Wind Energy Systems 60 | Optional Internal

13 Hydroelectric and Marine Energy 60 | Optional Internal
Systems

14 Biomass and Biofuel Energy 60 | Optional Internal
Systems

15 Solar Thermal and Photovoltaic 60 | Optional Internal
Energy Systems

16 Battery Energy Storage Systems 60 | Optional Internal

17 Smart Energy Systems and 60 | Optional Internal
Building Efficiency

18 Low-Carbon Heating 60 | Optional Internal
Technologies

19 Geothermal Energy Applications 60 | Optional Internal

20 Water Conservationand 60 | Optional Internal

Managementin Energy Systems

2] Energy Auditing and Consultancy 60 | Optional Internal
Practices

22 Low and Zero-Carbon Transport 60 | Optional Internal
Systems
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Pearson Set Assignment units

Thisis a summary of the type and availability of Pearson Set Assignment units. For further
information on preparing for Pearson Set Assignments, see the Pearson BTEC International
Level 3 Qualifications Supplementary Information document which is available on

ourwebsite.

Unit Type Availability
Unit1: HumanEnergy | Anassignment set by Pearsonand | Single PSA
Use marked by the centre.

The advised periodis 10 hours.
Unit 2: Earth’s An assignment set by Pearsonand | Single PSA
Atmosphere, Water, | marked by the centre.
Land and Life The advised periodis 8 hours.
Unit 3: Climate An assignment set by Pearsonand | Single PSA
Change and Energy marked by the centre.
Policy The advised periodis 5 hours.
Unit 4: Principles of An assignment set by Pearsonand | Bank PSA
Sustainability marked by the centre.

The advised periodis 9 hours.
Unit 5: Scientific An assignment set by Pearsonand | Single PSA
Principles for Energy | marked by the centre.
Systems The advised periodis 20 hours.
Unit 6: Mathematics | Anassignment set by Pearsonand | Single PSA
for Energy marked by the centre.
Technicians The advised periodis 6 hours.
Unit 7: Low or Zero An assignment set by Pearsonand | Bank PSA
Carbon Energy marked by the centre.
Systems The advised periodis 10 hours.
Unit 8: Advanced An assignment set by Pearsonand | Single PSA
Mathematics for marked by the centre.
Energy Technicians | The advised periodis 4 hours.
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4 Units

Understanding your units

The unitsin this specification set out our expectations of assessment in a way that
helps youto prepare your students for assessment. The units help you to undertake
assessment and quality assurance effectively.

This section explains how the units work. Itisimportant that all teachers, assessors,
internal verifiers and other staff responsible for the programme review this section.

Unit number

The numberisinasequenceinthe sector. Numbers may not be
sequential for anindividual qualification.

Unit title Thisis the formal title that we always use and it appears on
certificates.

Unitlevel Allunits are at Level 3.

Unit type This confirms that the unitisinternal or assessed using a Pearson Set
Assignment. See structure informationin Section 3 Structure for
full details.

GLH Units have a Guided Learning Hours (GLH) value of 60. Thisindicates
the numbers of hours of teaching, directed activity and assessment
expected. It also shows the weighting of the unit in the final
qualification grade.

Unitin brief Abrief formal statement on the content of the unit that is helpful

inunderstandingitsrole in the qualification. You can use thisin
summary documents, brochures, etc.

Unit introduction

Thisis designed with students in mind. It indicates why the unitis
important, how learning is structured, and how learning might be
applied when progressing to employment or higher education.

Learning aims

These help to define the scope, style and depth of learning of the
unit. You can see where students should be learning standard
requirements (‘understand’) or where they should be actively
researching (‘investigate’). You can find out more about the
verbs we useinlearning aimsin Appendix .

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026

25



Summary of unit

This helps you to see the main content areas against the learning aims
and the structure of the assessment at a glance.

Content This sets out the required teaching content of the unit. Content
is compulsory except where shown as ‘e.g.’. Students should be
asked to complete summative assessment only after the teaching
content forthe unit orlearning aim(s) has been covered.
Assessment Each learning aim has Pass and Merit criteria. Each assignment has at
criteria least one Distinction criterion. Afull glossary of terms usedis givenin

Appendix].

Distinction criteriarepresent outstanding performance in the unit.
Some criteriarequire students to draw togetherlearning from across
the learning aims.

Transferable skills

This summarises the transferable skills present within the unit.
The key helps to identify whether they are signposted but require
additional assessment, embedded and achieved on completion,
ornot presentinthe unit.

Essential This shows a brief summary of the activities required for the
information for mandatory Pearson Set Assignment Brief (PSAB). Centres must
Pearson Set download and use the mandatory PSAB without alteration or
Assignment Brief | contextualisation.

(PSAB)

Essential This section gives youinformation to support the implementation

information for
assignments

of assessment. Itisimportant that thisis read carefully alongside the
assessment criteria, as the information will help with interpretation
of therequirements.

Further This gives you information to support the implementation of
information for assessment. Itisimportant that thisis used carefully alongside
teachers and the assessment criteria and assignment.

assessors

Resource Any specific resource requirements that you needto be able to

requirements

teach and assess are listed in this section.

Essential
information for
assessment
decisions

Thisinformation gives guidance for each learning aim or assignment
of the expectations for Pass, Merit and Distinction standard.
This section contains examples and essential clarification.
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Links to other This shows you the main relationship between units. This can help
units you to structure your programme and make best use of materials
andresources.
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Index of units
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Unit T: Human Energy Use

Unit 1: Human Energy Use

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students explore how energy use has developed throughout human history and the future
challenge of meeting the energy needs for anincreasing human population.

Unitintroduction

The development of human civilisationis closely linked to our ability to use energy.

The rapid development of energy sources, since the start of the Industrial Revolution
around 1750, has transformed how billions of people live their daily lives. This has changed
how we communicate, travel, cool and heat our homes. More people are gaining access
to these energy supplies every year.

In this unit, you will learn about the development of energy types and uses throughout
human history. You will develop an understanding of the challenges in meeting the
increasing energy needs of a human population predicted toreach at least 10 billion

by the year 2100. This challenge needs to be understood in the context of environmental
changes arising from the use of fossil fuels.

The knowledge and understanding covered in this unit will help students progress to higher
education and professional qualifications, eitherin energy or another sector. It will also help
students to progress to employmentin the energy sector.

Learning aims

In this unit you will:

A Explore how energy use and technology have developed throughout human history
B Examine human energy useinthe 21st century

C Understand the challenge of meeting future increasing human population energy needs.
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Unit 1: Human Energy Use

Summary of unit

Key content areas Assessment approach

A Explore how energy
use and technology have
developed throughout
human history

AlFrom the discovery of fire
to the early fossil fuel era

A2 The power of electricity

A3 Thelate fossilfuel era
(the Age of Qil)

A4 Nuclear powerand
renewable energy

B Examine human energy
useinthe 21st century

B1What do we use energy
for?

B2 How much energy do
we use?

B3 The energy mix

C Understand the challenge
of meeting future increasing
human population energy
needs

C1Predicting future energy
needs

C2New technology
C3 Energy efficiency

This unitis assessed through
aPearson Set Assignment.
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Unit T: Human Energy Use

Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Explore how energy use and technology have developed
throughout human history

AlFrom the discovery of fire to the early fossil fuel era
e Earlyhumansandthe discovery of fire.
e Capturing the sun’s energy via photosynthesis:
o hunter-gatherers
o agriculture.
e Harnessingthe power of animals. The plough and other agricultural tools.
e Windandwater power. The use of windmills and watermills.
e Charcoaluse forironproduction.
e Theuse of coalandthe development of the steam engine.

A2 The power of electricity

e Static electricity.

e Alessandro Voltaandthe battery.

e Michael Faraday and electromagnetic induction.

e The electric motorand the electric generator.

e Thomas Edison and the public supply of electricity.

e How electricity canbe usedinwork and leisure, e.g. machines to milk cows.

A3 The late fossil fuel era (the Age of Oil)

e Oilasfuel(petroleum).

e Natural gas.

e QOilandthe chemicalindustry (fertiliser, synthetic drugs, paint and plastics).

A4 Nuclear power and renewable energy
e Nuclearfission.
e Renewable energy:

o solar

o wind

o hydropower

o oceanenergy (tidesandwaves)

o geothermal

o biomass.
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Unit 1: Human Energy Use

Learning aim B: Examine human energy use in the 21st century

B1What do we use energy for?

e Transportation(roadvehicles, aeroplanes, trains and shipping).

e Buildings (heating, cooling, lighting and appliances).

e Industry/manufacturing (machinery and factory production).

e Electricity generation.

e Agriculture (food production, includingirrigation systems and farm equipment),
which provides the chemical energy (food) that humans need to survive.

B2 How much energy do we use?

e Currentglobal energy use.

e Energyuse by country. How does per capita energy consumption data vary between
developed and developing countries?

B3 The energy mix

e Whydowe use different types of energy?

e Globaltrendsinourenergy mix.

e The evolution of energy mixes overtime. The balance between non-renewable
(coal, oil, natural gas) and renewable energy sources.

o energyoutput andreliability (e.g. energy supply, generationrisks, output efficiency)
o economicdrivers

o environmentalimpact (e.g. high/low emissions, habitat risk, air pollution)

o resource availability (e.g. availability, ease of supply, dependency risk)

o long-term sustainability (e.g. climate resilience, transitionto low carbon,
intergenerational energy).

e Healthandsafety, ethical and social considerations (e.g. worker welfare,
community impacts, energy equity and access).

Learning aim C: Understand the challenge of meeting future increasing human
population energy needs

C1Predicting future energy needs

The factors affecting future energy needs. These include:
e Human population growth.

e Datacentresand artificialintelligence (Al): electricity consumption from data centres
is projected toreach 3% of global electricity demand by 2030.

e Electrification: electric vehicles and heat pumps are significant drivers of increasing
electricity demand.
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Unit T: Human Energy Use

Industrial growth: therise inindustrial production and improved living standards are
key drivers of energy consumption.

Weather volatility: extreme temperature conditions require additional energy for heating
or cooling.

C2 New technology

Advanced solartechnologies, including floating solar farms.

Energy storage and grid solutions (new battery technology and smart grids with
Almanagement).

Green hydrogen.

Bioenergy with carbon capture.

Advanced wind energy (floating wind turbines and vertical-axis wind turbines).
Next-generation nuclear (small modular reactors).

Nuclear fusion.

C3 Energy efficiency

Key technological innovations to increase energy efficiency:

Electrification and heat pumps.
Electric vehicles (EVs).

Smart digitalisation to enable real-time energy management, optimising consumption
inhomes, industries and commercial buildings.

Industrial efficiency and hydrogen solutions.

Data centre efficiency: as Alaccelerates demand, focus is increasing on efficient
cooling and computinginfrastructure to manage electricity consumption.
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Unit 1: Human Energy Use

Assessment criteria

Learning aim A: Explore how energy use and technology have developed

throughout human history

Learning aim B: Examine human energy use in the 21st century

A.P1Describe the evolution
of human energy use from
the origins of humans until
the start of the Industrial
Revolution.

A.P2Describe the
technological advances
inenergy production and
usage since the start of
the Industrial Revolution.

A.M1Explainhow the
technological advances

in energy production since
the start of the Industrial
Revolution have changed
how energy is used.

B.P3 Describe the main
uses of energyin the
21st century.

B.P4 Compare costs and
benefits of energy types
inuseinthe 21st century.

B.M2 Explain current human
energy use and the types of
energy beingused around

the worldin the 21st century.

AB.D1Evaluate the
advantagesand
disadvantages of three
contrasting energy
technologies.
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Unit T: Human Energy Use

Learning aim C: Understand the challenge of meeting future increasing human

population energy needs

Pass

C.P5 Explainthe factors
that may affect human
energy usein the future.

C.P6 Examine new
technologies that may
provide renewable energy
inthe future.

C.P7 Review energy

efficiency technologies
that may reduce overall
energy usein the future.

Merit

C.M3 Explore the factors
that may affect human
energy usein the future.

C.M4 Review the potential
benefits of new
technologiesin meeting
our future energy needs.

Distinction

C.D2 Examine factors that
will affect human ability to
meet our future energy
needs.
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Unit 1: Human Energy Use

Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Unit T: Human Energy Use

Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 12 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Unit 1: Human Energy Use

Furtherinformation for teachers and assessors

Resource requirements

There are no special resources needed for this unit.
Essential information for assessment decisions

Learningaims A and B

For distinction standard, students show a balanced consideration of contrasting
energy technologies, including historical and modern examples, with advantages and
disadvantages clearly linked to efficiency, availability, environmentalimpact and social
need. Studentsintegrate global energy-use data, trends in the energy mix and examples
from different regions to support theirjudgements. They compare technologies and
systemsratherthan describing them inisolation and justify conclusions using evidence
from the unit content. Writing is coherent and analytical, demonstrating depth of
understanding and the ability to weigh competing factors when considering how
energy use has evolved and how it currently operates on a global scale.

For merit standard, students provide clear explanations of how developmentsin energy
technology have changed both the way energy is produced and how it is used. Evidence
moves beyond description and shows logical links between technological advances such
as electrification, oiluse and modern renewables and changes in lifestyles, industry and
global energy demand. Students explain patternsin current energy use using relevant
examples and data, including differences in per capita consumption and variationsin
national energy mixes. They demonstrate understanding of trends, such asincreased
electrification and the gradual shift toward renewable sources. Responses are well
organised, use appropriate terminology and show cause-and-effect reasoningrather
than simple recall of content.

For pass standard, studentsinclude clear descriptions of how human energy use

has changed over time, from early biomass and animal power through fossil fuels,
electricity and modern energy systems. Students show understanding of major historical
developments and can outline key uses of energy in the 21st century such as transport,
buildings, industry and electricity generation. They use basic global data or examples

to show awareness that energy use varies between countries and over time. Evidence
remains largely descriptive, butis factually correct and appropriately sequenced.
Students correctly recall different renewable and non-renewable energy typesin the
global energy mix and show that they identify their basic roles without detailed analysis
of implications orconsequences.
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Unit 1: Human Energy Use

Learningaim C

For distinction standard, students examine future energy needs holistically, drawing
togetherdemand drivers, technological innovation and efficiency strategies toreach
reasoned conclusions. Evidence demonstrates the critical need to consider whether
emerging technologies and efficiency measures canrealistically deliver sufficient,
reliable and sustainable energy for a growing global population. Students address
uncertainty such as technological readiness, resource constraints, infrastructure
requirements and social acceptance. They consider different approaches, forexample,
betweenincreased electricity generation and demand reduction through efficiency.
Judgements are supported by well-chosen examples, and responses show anintegrated
understanding of the complexity involved in meeting future global energy demand.

For merit standard, students explore the future energy challenge by linking demand drivers
with potential technological and efficiency-based solutions. Evidence shows awareness
of how factors such as data centres, electrification of transport and heating and climate-
related temperature extremes interact toincrease energy demand. Students review the
potential benefits of new technologies, considering feasibility, scalability and contribution
to decarbonisationrather thanlisting features alone. Energy-efficiency measures are
discussedinterms of impact on overall consumptionrather thanindividual devices.
Responses demonstrate structured reasoning, use relevant examples and show an ability
to weigh opportunities and limitations when considering how future energy needs might

be addressed.

For pass standard, students show understanding of population growth, electrification,
industrial development and changing lifestyles as drivers of increased energy consumption.
They describe arange of emerging energy technologies, such as advanced solar, wind,
nuclear or hydrogen, and outline how these could contribute to future supply. They also
identify energy-efficiency measures, including heat pumps, electric vehicles and digital
energy management, explaining in basic terms how these canreduce demand. Responses
are structured and accurate but remainlargely indicative, with limited consideration of
scale, uncertainty orinterconnections between supply, demand and efficiency.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 2: Earth’s Atmosphere, Water, Land and Life

Unit 2: Earth’s Atmosphere, Water, Land and Life

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students explore interactions between atmosphere, water, land and living systems,
developing anunderstanding of climate, resources and ecosystems. They apply
scientific principles to interpret Earth processesinreal contexts.

Unitintroduction

This unitisrelevant to the real world as it enables students to understand how Earth’s
natural systems operate and interact within current environmental and climate challenges.
By studying atmosphere, water, land and living systems, students gain the scientific
knowledge needed tointerpret climate change, water security, energy use and
ecosystem sustainability, supporting informed decision-making as global citizens.

The unit covers the four Earth systems in depth and breadth. You will explore atmospheric
structure and climate processes; the hydrological cycle and water availability; lithospheric
structure and geothermal processes; and the biosphere organisation and ecosystem
interactions. Contentintegrates physical, environmental and biological science, supported
by data analysis, diagrams and applied examples to develop a coherent system-level
understanding.

Completion of the unit supports progression to furtherlearning in environmental science,
geography, earth science, sustainability and energy-related qualifications. It also provides
a strong foundation for careers linked to environmental monitoring, renewable energy,
water management, planning, conservation and climate-related industries, where systems
thinking and scientific literacy are essential.

Learning aims

In this unit you will:

A Know atmosphere and climate systems

B Understand hydrosphere and water cycles

C Know lithosphere and geothermal processes

D Understandbiosphere and ecosysteminteractions.
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Unit 2: Earth’s Atmosphere, Water, Land and Life

Summary of unit

Key content areas Assessment approach

A Know atmosphere and
climate systems

Al Atmospheric structure
and composition

A2 Energy balance and
heat transfer

A3 Weather and climate
processes

A4 Climate systems and
change

B Understand hydrosphere
and water cycles

B1Distribution of Earth’s
water

B2 The hydrological cycle
B3 Water movement and
storage

B4 Water quality and
availability

C Know lithosphere and
geothermal processes

C1 Structure of the Earth
C2Plate tectonics

C3 Geothermal processes
C4 Geothermal energy

D Understand biosphere
and ecosysteminteractions

D1The biosphere

D2 Ecosystem structure
and function

D3 Biogeochemical cycles

D4 Ecosystem stability and
change

This unitis assessed through
aPearson Set Assignment.
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Unit 2: Earth’s Atmosphere, Water, Land and Life

Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Know atmosphere and climate systems

The structure, composition and behaviour of Earth’s atmosphere andits role inregulating
weatherand climate.
Al Atmospheric structure and composition
e Layersof the atmosphere: troposphere, stratosphere, mesosphere, thermosphere.
e Typicalaltitude ranges (km):

o troposphere(0-12)

o stratosphere (12-50)

o mesosphere (50-85)

o thermosphere (>85).
e Gaseous composition (% by volume):

o nitrogen(~78)

o oxygen(~21)

o argon(~0.9)

o carbondioxide (~0.04)

o variable watervapour(0-4).

A2 Energy balance and heat transfer

e Incomingsolarradiation, reflectedradiation, absorbed energy.

e Albedo andsurface variation (ice, water, vegetation, urban surfaces).
e Heattransfermechanisms:radiation, conduction, convection.

A3 Weather and climate processes

e Short-termweatherversus long-term climate patterns.

e Airpressure systems, prevailing winds, jet streams.

e Cloudformation, precipitation types, fronts and air masses.

A4 Climate systems and change

e Natural climate drivers: solar variation, volcanic activity, orbital cycles.

e Anthropogenic drivers: greenhouse gas emissions, land-use change.

e Greenhouse gases and why theirrelative longevity in atmosphere is key:
CO2(ppmscale ~280 pre-industrial to >420 present), methane, nitrous oxide.

e Climateimpacts:temperaturerise (°C), sea-level change (mm/year), extreme weather
frequency, examples of past climate emergencies linked to human health e.g. acid rain.
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Unit 2: Earth’s Atmosphere, Water, Land and Life

Learning aim B: Understand hydrosphere and water cycles

Earth’s water distribution, movement and importance to physical and human systems.

B1Distribution of Earth’s water

e Saltwaterversus freshwater proportions (%): ~97% saltwater, ~3% freshwater.
e Freshwaterstores:ice caps/glaciers, groundwater, surface water.

e Indicative availability: <1% readily accessible freshwater.

B2 The hydrological cycle
e Processes: evaporation, transpiration, condensation, precipitation, infiltration, runoff.
e Waterresidencetimes:

o atmosphere (days)

o rivers(weeks)

o groundwater (years-millennia).

B3 Water movement and storage
e Surface flow, groundwater flow, aquifers and recharge zones.
e Watersheds and drainage basins atlocal and global scales.

B4 Water quality and availability

e Physical, chemical and biological water quality indicators (e.g. turbidity, pH 6-8,
dissolved oxygen mg/L).

e Human pressures: abstraction, pollution, climate variability.
e Waterscarcity concepts: physical versus economic scarcity.

Learning aim C: Know lithosphere and geothermal processes

The structure of the solid Earth and internal heat-driven processes.

C1 Structure of the Earth
e Crust, mantle, outer core, innercore.
e Thicknessranges (km):
o crust(5-70)
o mantle(~2,900)
o core(~3,500).
e Rocktypes:igneous, sedimentary, metamorphic.
C2 Plate tectonics
e Plate boundaries: convergent, divergent, transform.
e Plate movementrates(cm/year): ~2-10.
e Associatedfeatures: earthquakes, volcanoes, mountain building.
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Unit 2: Earth’s Atmosphere, Water, Land and Life

C3 Geothermal processes

e Earth’sinternalheat sources: radioactive decay, residual formation heat.
e Geothermal gradient (°C/km): typically 25-30.

e Geothermalfeatures: hot springs, geysers, magma chambers.

C4 Geothermal energy
e Low-, medium-and high-enthalpy resources.
e Indicative temperature ranges:low (<?0°C), medium (20-150°C), high (>150°C).

e Environmental andland-use considerations (land footprint and surface disturbance,
water use and contaminationrisk, induced seismicity, local ecosystem and biodiversity
impacts).

Learning aim D: Understand biosphere and ecosystem interactions

Living systems and theirinteractions with physical Earth systems.

D1The biosphere
e Definitionand global distribution of life.
e Links betweenbiosphere, atmosphere, hydrosphere and lithosphere.

D2 Ecosystem structure and function

e Bioticandabiotic components.

e Trophiclevels: producers, consumers, decomposers.

e Energytransferbetween trophiclevels (=10% efficiency).

D3 Biogeochemical cycles
e Carbon, nitrogen and watercycles.
e Keystoresand fluxes: humaninfluence on cycle balance.
¢ Indicative carbon stores, Gigatonnes of carbon (GtC): atmosphere, vegetation,
soils, oceans.
D4 Ecosystem stability and change
e Biodiversity and ecosystemresilience.
e Natural disturbances versus human pressures (deforestation, pollution, climate change).
e Impactsonecosystem services: provisioning, regulating, cultural, supporting.
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Assessment criteria

Learning aim A: Know atmosphere and climate systems

Learning aim B: Understand lithosphere and geothermal processes

N

A.P1Describe atmospheric | A.M1Explaininteractions AB.D1Assess atmosphere-
structure, compositionand | betweenatmospheric hydrosphere interactions
climate processes. systems and climate drivers | influencing climate and
A.P2 Describe weather- with coherent detailand water availability.

climate relationships, effective use of relevant

energy balance and examples.

circulation patterns.

B.P3 Examine hydrosphere | B.M2Explain watersystem
distribution and interactions and human
hydrological cycle stages. pressures.

B.P4 Examine water
storage, movement
and availability issues.
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Learning aim C: Know lithosphere and geothermal processes

Learning aim D: Understand biosphere and ecosystem interactions

Pass

C.P5Describe Earth’s
internal structure and
geothermal processes with
adequate accuracy and
clearreference totectonic
mechanisms.

C.Pé6 Describe geothermal
energy resources and
land-use considerations
with sufficient detail and
consistent technical
language.

Merit

C.M3 Explainrelationships
between geothermal
processes, energy potential
and environmental effects.

D.P7 Explain biosphere
structure and ecosystem
components and biotic
interactions.

D.P8 Describe
biogeochemical cycles and
ecosystem services linking
to environmental systems.

D.M4 Assess ecosystem
interactions andresponses
to environmental change.

Distinction

CD.D2Discuss lithosphere-
biosphere interactions
affecting ecosystems

and energy use.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take up to 8 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

¢ worldmaps, atlases and globes showing atmospheric zones, tectonic plates, ocean
circulation and global water distribution

e printed ordigital diagrams and case-study resources, covering climate systems, water
cycles, geothermal processes and ecosystem interactions.

Essential information for assessment decisions

Learningaims Aand B

For distinction standard, students demonstrate high-level understanding through
integrated analysis of atmosphere-hydrosphere interactions. Evidence shows how
multiple systems simultaneously influence climate behaviour, weather patterns and water
availability. They justify their conclusions using data, reasoned arguments or evaluated
examples, such as climate trends, extreme weather events or water-stress scenarios.
Responses show confident synthesis of ideas rather than topic-by-topic discussion.
Students may weigh the relative importance of different drivers, acknowledge uncertainty
or considertemporal and spatial variation. Evidence is well-structured, clearly reasoned
and demonstratesindependent thinking. Conclusions are supported by accurate scientific
principles and show a clear understanding of complexity within Earth systems, indicating
secure achievement at the highest level.

For merit standard, students demonstrate a stronger understanding by explaining
relationships between atmospheric systems, climate drivers and water processes.
Evidence typically links causes and effects, such as how atmospheric circulation influences
rainfall patterns or how climate variation affects water availability. They use logically
structured responses, supported by applied examples and annotated diagrams.
Scientific terminology is used accurately and consistently, and explanations show

depth beyond surface description. Students may compare locations, timeframes or
conditions toillustrate systeminteractions. Evidence shows coherence across topics,
with concepts connectedratherthan presentedinisolation. Understandingis secure and
clearly communicated, demonstrating that students can apply knowledge to unfamiliar
contexts while maintaining technical accuracy andrelevance.
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For pass standard, students demonstrate achievement through clear, factual explanations
of atmospheric structure, climate processes, water distribution and the hydrological cycle.
Responses typically identify key components, processes and terminology accurately,
showing basic understanding rather than complexity. Students may use simple diagrams,
labelled sketches, short written explanations or structured notes to show how energy
moves through the atmosphere and how water circulates between stores. Explanations
are generally linear and descriptive, focusing on what happens rather than why interactions
occur. Evidence should show consistency across topics and correct use of scientific
language, without significant misconceptions. Minor omissions are acceptable, provided
the overallunderstanding of systems and processes is sound and relevant to environmental
contexts.

Learningaims Cand D

For distinction standard, students demonstrate high-level understanding by discussing
interactions between geological processes, geothermal energy use and biosphere
dynamics. The evidence reflects a balanced consideration of environmental, ecological
and land-use factors, with well-reasoned viewpoints supported by scientific knowledge.
They integrate physical and biological concepts to explore consequences, trade-offs or
long-termimpacts. Contributions may consider scale, sustainability or limits to exploitation,
demonstrating confident judgement rather than description. Ideas are synthesised across
topics, showinginsightinto Earth systeminterdependence. Evidence is clearly organised,
uses accurate terminology throughout and demonstrates originality and independence,
indicating a mature understanding consistent with advanced achievement.

For merit standard, students demonstrate stronger achievement by explaining how
lithospheric processes influence ecosystems and how biological systems respond to
environmental conditions. Evidence shows logical chains of reasoning, such as links
between geothermal activity, land use and ecological effects. Students use structured
explanations supported by diagrams, case examples or applied contexts, showing depth
andrelevance. Concepts such asresilience, environmentalimpacts or energy use are
explained clearly and accurately. Responses demonstrate coherence, with ideas
organised effectively and terminology applied confidently. Students show they can
apply understanding beyondrecall, adapting knowledge to scenarios involving
environmental management or sustainability while maintaining scientific accuracy.

For pass standard, students show achievement by accurately outlining Earth’s

internal structure, geothermal processes, ecosystem components and basic biological
interactions. Evidence commonly includes descriptions of tectonic activity, geothermal
features, ecosystems and nutrient cycles, supported by labelled diagrams or short
explanations. They demonstrate understanding of concepts, such as energy origin,
ecosystemroles and environmental influences, without extended reasoning.
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Where examples are used, they are relevant but simple. Scientific terms are mostly
accurate, and explanations remain clear and accessible. Evidence focuses on correct
identification and descriptionrather than connections between systems. Achievement
is shown where students consistently present correctinformation across topics and
demonstrate a secure foundational understanding of physical and biological Earth
processes.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 3: Climate Change and Energy Policy

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students explore scientific climate evidence and emissions data to understand Net Zero
targets. They examine climate and energy policy frameworks, interpreting geopolitical
influences shaping realistic, evidence-informed decarbonisation decisions.

Unitintroduction

Understanding climate change evidence and policy context is essential for anyone working
with or alongside modern energy systems. Energy decisions are increasingly shaped by
climate science, Net Zero targets and social pressures. Students need to understand how
scientific evidence informs policy choices, investment priorities and long-term energy
planning.

The unit develops your understanding of climate change science and the evidence that
underpinsit, including greenhouse gases, temperature changes and emissions trends.
Youwillinterpret climate and emissions evidence, consider uncertainty and confidence,
and explore the meanings of Net Zero Greenhouse Gas Emissions and carbon budgets.
The unit also introduces climate and energy policy frameworks and key geopolitical
influences, focusing on how these shape energy transitions.

This unit supports progression by building critical thinking and evidence-based reasoning
skills that are essential for further study in energy, environmental science and sustainability.
It prepares students foremployment by developing theirunderstanding of climate
evidence, policy drivers and global influences - skillsincreasingly valued across the
energy, environmental and policy-related sectors.

Learning aims

In this unit, you will:

A Understand climate change science and the evidence base for Net Zero targeting

B Beabletointerpret emissions, energy-demand drivers and mitigation options using data

C Know climate and energy policy frameworks and geopolitical influences on Net Zero
delivery.
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Summary of unit

Key content areas Assessment approach

A Understand climate
change science and
the evidence base for
Net Zero targeting

AlClimate system
mechanism overviews
A2 Climate evidence:
sources, indicators and
interpretation skills

A3 Net Zero and carbon
budgets (evidence for
targets)

B Be able tointerpret
emissions, energy-demand
drivers and mitigation
options using data

B1Energy demandand
emissions drivers

B2 Working with emissions
evidence

B3 Overview of mitigation
pathways and trade-off
evidence

B4 Strategic role of carbon
capture and storage (CCYS)

C Know climate and energy
policy frameworks and
geopoliticalinfluences

on Net Zero delivery

C1 Overview of policy
purposes and frameworks

C2 Overview of policy
instruments and
implementation challenges

C3 International policy and
cooperation

C4 Geopolitics of energy
transitions

This unitis assessed through
aPearson Set Assignment.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand climate change science and the evidence base for
Net Zero targeting

AlClimate system mechanism overviews

e The greenhouse effect:
o natural greenhouse effect versus enhanced greenhouse effect
o keygreenhouse gasesandrelativeroles:

- carbondioxide (CO2), methane (CHa), nitrous oxide (N20), water vapour (H,O),
fluorinated gases/refrigerants (F-gases).

e Anthropogenic drivers of warming (overview of sources):
o fossilfuelcombustion, land-use change, agriculture, industrial processes.
e Forcing and feedback (qualitative):
o whatismeant by ‘radiative forcing’ (conceptual)
o examples of climate feedbacks (kept climate-specific, not general systems theory).

A2 Climate evidence: sources, indicators and interpretation skills
e Evidencetypesandwhat they show:
o instrumentaltemperature records (global andregional)
o atmospheric CO2measurements
o palaeoclimate proxies (ice cores, sediments)
o overview of sealevelrecords and cryosphere indicators.
e Datainterpretationand communication:
o readinganddescribing trends, variability, baselines and anomalies
o distinguishing short-term variability fromlong-term change
o using multiple lines of evidence (triangulation) to strengthen conclusions.
e Uncertainty and confidence:
o measurementuncertainty versus natural variability
o confidencelanguage (high/medium/low confidence) and why it matters for decisions.

A3 Net Zero and carbon budgets (evidence to targets)
e NetZeroconcepts:
o Qgrosszeroversusnetzero
o therole of emissionsreductionversus removals (overview).
e Carbonbudgets:
o Wwhatacarbonbudgetrepresents and why budgetsrelate to temperature targets
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o interpretation of simple carbon budget visuals.
e Scientificrisk framing, in the event of higher global temperatures:
o environmental, socialand economicimpacts.

Learning aim B: Be able to interpret emissions, energy-demand drivers and
mitigation options using data

Overview of emissions patterns and mitigation levers using datasets andindicators.

B1Energy demand and emissions drivers
e Energy demand patterns and drivers:
o sectoraldemand (domestic, transport, industry, commercial) and why demand varies

o economic development, population, technology and behaviour as demand drivers
(overview).

e Emissions accounting basics (interpretation focus):
o totalversus percapitaversus emissions intensity (what eachreveal)
o measure of carbon dioxide equivalent (CO,e) and why different gases are combined.

B2 Working with emissions evidence
e Interpreting emissions datasets and visuals:
o datafromwithin economic sectors e.g. transport emissions by road, aviationand
shipping
o time series and comparative charts

o identification of drivers of change (policy, fuel switching, economic shocks)
using evidence-basedreasoning

e Carbonfootprints (introductory; analytical, not audit-practice):
o individuals/products/organisations as comparative indicators
o limitations of footprint metrics (boundary choices, data quality).

B3 Overview of mitigation pathways and trade-off evidence
e Mitigationlevers framed as pathways:

o demandreduction, efficiency, electrification, decarbonised generation,
fuel switching (overview)

o recognising trade-offs(cost, reliability, equity, time-to-deploy) using evidence
summaries.
B4 Strategic role of carbon capture and storage (CCS)
e Purpose andstages:
o capture, transport, storage.
e StrategicroleinNetZero:
o ‘'hard-to-abate'sectors and transitional roles (contextual).
e Policy constraints and limitations:
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o cost/energy penalty, storage capacity constraints, monitoring/liability considerations.

Learning aim C: Know climate and energy policy frameworks and geopolitical
influences on Net Zero delivery

How policy is structured and why geopolitics matters.

C1Overview of policy purposes and frameworks
e Policy objectives:

o emissionsreduction, Net Zero targets, affordability, energy security, resilience.
e Policy frameworks and governance levels:

o national strategies, international agreements, sectoral roadmaps, Greenhouse Gas

Protocol (GHG Protocol), Scope emissions.
e Policytimescales:
o short/medium/long-term planning and the challenge of lock-in.

C2 Overview of policy instruments and implementation challenges
e Instrumenttypes:

o targets/standards,incentives/subsidies, carbon pricing.
¢ Implementation constraints:

o publicacceptance, distributionalimpacts (fairness), infrastructure lead times,
skills supply

o monitoring and accountability at a policy level (not audit practice).

C3International policy and cooperation
e Overview of international frameworks:

o United Nations Framework Convention on Climate Change (UNFCCCQC),
Nationally Determined Contributions (NDCs) and differentiated responsibilities
e.g. Paris Agreement 2015, Sustainable Development Goals (SDGs).

e Cooperationchallenges:
o trust, finance, technology transfer, verification.

C4 Geopolitics of energy transitions
e Energy security and supply risk:
o dependency, diversification, price volatility.
e Geopolitics of transition materials and infrastructure:
o critical minerals, supply chains, trade and sanctionsimpacts.
e ImplicationsforNet Zero delivery:
o why geopolitics can accelerate or slow pathways and shape policy choices.
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Assessment criteria

Learning aim A: Understand climate change science and the evidence base for

Net Zero targeting

Learning aim B: Be able to interpret emissions, energy-demand drivers and
mitigation options using data

A.P1Explain enhanced
greenhouse effect and
main human activities that
increase greenhouse gas
concentrations.

A.P2Interpret provided
climate indicatorevidence
toidentify long-term
change and short-term
variability.

A.M1Explain how multiple
lines of evidence support
conclusions about climate
change, including aclear
statement of uncertainty/
confidence.

B.P3 Describe patterns

of energy demand and
greenhouse gas emissions
using sectoral and
comparative indicators.

B.P4 Interpret emissions
evidence toidentify
plausible drivers of change
and outline mitigation
pathways at overview level,
including the strategicrole
of carbon capture and
storage (CCS).

B.M2 Explain trade-offs
between mitigation options
using evidence (cost,
time-to-deploy, security
and likely emissionsimpact),
recognising limitationsin
the data.

AB.D1Analyse climate-
and-emissions evidence
tojustify narrative about
progress towards Net Zero,
uncertainty and data
limitations.
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Learning aim C: Know climate and energy policy frameworks and geopolitical
influences on Net Zero delivery

Pass

C.P5Describe aims and
structure of national
andinternational
climate/energy policy
frameworks that support
Net Zero.

C.Pé6 Describe how
geopolitical factors
(supply risks, critical
minerals, trade and conflict)
influence energy policy
choices and Net Zero
delivery.

Merit

C.M3 Explain how policy
instruments and geopolitical
constraintsinteract to shape
the feasibility and pace of
decarbonisation pathways.

Distinction

C.D2Evaluate the
effectiveness of aselected
policy approach for

Net Zeroin a specified
geopolitical context,

using evidence to

justify conclusions and
acknowledge trade-offs.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit

62

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July2026 © Pearson Education Limited 2026



Unit 3: Climate Change and Energy Policy

Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 5 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

There are no special resources needed for this unit.
Essential information for assessment decisions

Learningaims Aand B

For distinction standard, students present a coherent, analytical narrative that integrates
climate science, emissions evidence and mitigation strategies to evaluate progress
towards Net Zero. Learners successfully interrogate datasets, selecting relevantindicators
to supportjudgements while explicitly acknowledging uncertainty, variability and evidence
gaps. Students assess how energy-demand drivers, mitigation choices and technological
constraintsinteract over time, using evidence to justify the relative contribution and
limitations of different pathways. They evaluate the strategic role of carbon capture and
storage within wider mitigation portfolios, recognising contextual constraints and
transitional functions. Conclusions are well-evidenced, balanced and clearly argued,
demonstrating insight into the complexity of evidence-based decision-making.

For merit standard, students demonstrate integrated and confident interpretation of
climate, emissions and energy-demand evidence, using different datasets to support
reasoned explanations. Students connect climate indicators with emissions trends and
clearly explain how different lines of evidence reinforce conclusions while appropriately
referencing uncertainty. Students analyse energy-demand drivers in more depth,
distinguishing structural factors from short-terminfluences and linking these to emissions
outcomes. They use data to explain trade-offs between mitigation pathways, considering
factors such as deployment speed, system reliability, cost pressures and emissions impact.
Students show awareness of data limitations and boundary choices when interpreting
carbon-relatedindicators. Explanations demonstrate logical sequencing, effective
synthesis of evidence and clearjustification of interpretations.

For pass standard, students demonstrate understanding of core climate science principles
and how evidence supports Net Zero intentions, alongside reasonable interpretation of
emissions and energy-demand data. Students make clear links between greenhouse
gases, human activities and observed long-term climate trends, distinguishing these from
short-term variability using provided indicators. They appropriately read sectoral emissions
datasets and comparative visuals to describe patternsin energy use and emissions across
sectors orregions. Students show that they can attribute broad drivers of change, such as
economic activity, policy intervention or fuel switching, using data-supported reasoning.
Mitigation options are outlined at an overview level, with students recognising how different
pathways could contribute to emissions reduction.
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Learningaim C

For distinction standard, students evaluate the effectiveness of a selected policy
approach within a defined geopolitical context, using evidence to justify reasoned
conclusions. Students assess how policy design, international relations and resource
constraints collectively influence delivery outcomes, acknowledging trade-offs between
speed, equity, security and emissions reduction. They weigh the strengths and limitations
of the policy approach, considering short- and long-termimpacts and external geopolitical
pressures. Judgements are balanced and well-supported, demonstrating awareness of
uncertainty and contextual dependency.

For merit standard, students explain how policy instruments and geopolitical constraints
interact toinfluence the pace and feasibility of decarbonisation. Students make
reasoned connections between policy mechanisms, governance levels and real-world
implementation challenges, including infrastructure, fairness and public acceptance.
Students show how geopolitical considerations such as supply-chain concentration,
energy security risks and international commitments shape both policy ambition and
delivery. Theyintegrate policy frameworks with contextual influences, demonstrating
understanding of why outcomes vary betweenregions or over time.

For pass standard, students demonstrate clear knowledge of the purposes and structure
of climate and energy policy frameworks supporting Net Zero delivery. They describe how
national strategies, international agreements and sectoral approaches are organised and
how stated objectives such as emissions reduction, affordability and energy security are
reflectedin policy design. Students explain how geopolitical factors such as supply
dependence, critical materials and international cooperation influence energy policy
decisions. Students show awareness of how global and national contexts shape policy
priorities and implementation challenges. Explanations are accurate and appropriately
scoped, showing understanding of policy roles and interactions without excessive detail.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 4: Principles of Sustainability

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students explore sustainability pillars, theirinterrelationships and key systems and
management conceptsused tointerpret and respond to environmental, economic and
social challenges.

Unitintroduction

This unitisrelevant to contemporary environmental, economic and social challenges faced
by governments, organisations and communities worldwide. Students need to understand
sustainability because decisions about resource use, development and policy increasingly
require balancing environmental protection, economic viability and social wellbeing.

This unit equips students with the conceptual tools needed to interpret sustainability
issues and to understand why integrated decision-making is essential in responding

to global pressures such as climate change, inequality and resource depletion.

The unit develops your understanding of the three pillars of sustainability and how they
interact, alongside key systems and sustainable management concepts such as feedback,
resilience, ecological footprint and opportunity cost. You will explore how these concepts
are usedtointerpret sustainability challenges and to justify interventions. Content
progresses from foundational knowledge to applied analysis, enabling you to assess
trade-offs, system behaviour and the effectiveness of different sustainability responses.

Successful completion of this unit supports progression to furtherlearning in environmental
science, geography, policy studies and sustainability-related vocational pathways. It also
develops analytical and decision-making skills valued inroles linked to environmental
management, business sustainability, planning and public policy.

Learning aims

In this unit you will:

A Understand sustainability pillars and interrelationships

B Know systems and sustainability management concepts

C Beabletoapply principles and concepts to sustainability scenarios.
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Summary of unit

Key content areas Assessment approach

A Understand sustainability | AlPillars of sustainability

pillars and interrelationships | A2 Interrelationships
between pillars

B Know systems and B1Systems concepts

sustainability management | B2 Sustainable This unitis assessed through

concepts

P management concepts aPearson Set Assignment.
CBeable to apply C1Applying pillars to
principles and concepts sustainability challenges

to sustainability scenarios C2 Applying systems and
sustainable management
concepts
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand sustainability pillars and interrelationships [EL - CL]

Understanding the pillars of sustainability and how decisions in one pillar affect the
outcomesinthe others.

A1 Pillars of sustainability

Pillars of sustainability:

e Society: health, wellbeing, education, relationships, governance.

e Economy:employment, growth, trade, policy.

e Environment: Earth’s systems, including the biosphere, lithosphere, hydrosphere and
atmosphere.

A2 Interrelationships between pillars

Students willunderstand that:
e Economic growth has environmental, human health and socialimpacts.
e Environmental mismanagement affects economic stability.

e Sustainable solutionsrequire integrated consideration of environmental,
health and safety and social needs.

Learning aim B: Know systems and sustainability management concepts

Key systems concepts and sustainable management conceptsusedtorespondto
sustainability challenges.
B1Systems concepts

e Resilience: The ability of asystem to absorb disturbance, adapt and continue
functioning without collapsing into a different state.

e Causality: The pattern of cause-and-effect relationships through which actions and
events produce consequences within a system.

e Equilibrium: A dynamic balance where opposing forces or processes offset each other,
keeping the system relatively stable overtime.

e Critical Transition: Atipping point at which small changes trigger a sudden, often
irreversible, shift to a new system state.

e FeedbackMechanisms: Circular processes where system outputsloop back asinputs,
amplifying change (positive feedback) or stabilising behaviour (negative feedback).
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e Interdependence: The conditioninwhich system components are mutually reliant,
so changesinone part affect others and the system as awhole.

e United Nations Sustainable Development Goals: Global framework of integrated goals
to end poverty, protect planet and increase prosperity for all.
B2 Sustainable management concepts

e Interventions: Deliberate actions or policies designed to change system behaviourin
order to improve sustainability outcomes.

e Ecological Footprint: Ameasure of how much biologically productive land and water are
required to support human activities and absorb wastes.

e Opportunity Cost: The benefitslost when one sustainable choice is made instead of the
next best alternative.

e Mitigation and Adaptation: Mitigationreduces the causes of environmental change,
while adaptation adjusts systems to cope withitsimpacts.

e Equality: The principle of fairly distributing resources, opportunities and environmental
benefits within and between generations.

e Carrying Capacity: The maximum level of population or activity an environment can
sustain without long-term degradation.

e Interdependence: Thereliance of social, economic and environmental systems on one
another, where changesin one affect the others.

Learning aim C: Be able to apply principles and concepts to sustainability
scenarios

The interrelationships between Earth’s systems, human activity and sustainability concepts,
sustainability challenges and management choices.

C1 Applying pillars to sustainability challenges

Students will apply the pillars framework to:

e |dentify social, economic and environmentalimpacts of human activity.
e Recognise trade-offs between pillars.

e Explainwhyintegrated solutions are required.

C2 Applying systems and sustainable management concepts

Students will use systems and management concepts to:
e Interpretinterdependence and feedback between causes and outcomes.
e Explainresilience, stability and critical transitions in sustainability contexts.

e Justifyinterventions using ecological footprint, opportunity cost, mitigation/adaptation,
equality and carrying capacity.
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Unit 4: Principles of Sustainability

Learning aim A: Understand sustainability pillars and interrelationships

N

A.P1Describe social,
economic and
environmental pillars

of sustainability using
appropriate terminology.

A.P2 Explain how actions
within one sustainability
pillar caninfluence
outcomesinthe other
two pillars.

A.M1Analyse
interrelationships between
sustainability pillars, linked
to examples of compromise
and conflict.

A.D1Evaluate the
effectiveness of integrated
sustainability approachesin
balancing social, economic
and environmental
priorities.

Learning aim B: Know systems and sustainability management concepts

Learning aim C: Be able to apply principles and concepts to sustainability
scenarios

B.P3 Describe key systems
conceptstointerpret
sustainability contexts.

B.P4 Describe sustainable
management concepts
linked to examples.

B.M2 Analyse how systems
and sustainable
management concepts
interacttoinfluence
sustainability outcomes.

C.P5 Describe application
of pillars of sustainability
andrelevant systems or
management concepts to
sustainability challenges.
[SP - CT]

C.P6 Explainhow
sustainability concepts
support decisions aimed
atreducing the negative
impacts of human activity.

C.M3 Assess alternative
sustainability interventions,
consideringimpacts,
feasibility and compromises
across social, economic and
environmental pillars.

BC.D2Evaluate
sustainability decisions,
justifyingrecommendations
throughintegrated
application of pillars,
systems thinking and
management concepts.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CTvV
MY - PS&R EL-CL* IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 11 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e good-quality real-world sustainability case studies enabling analysis of
interrelationships, trade-offs, and intervention decisions

e charts, infographics and footprint metrics to supportinterpretation of sustainability
impacts

e accesstoreliable sustainability research, policy sources and/or organisational
sustainability strategies.

Essential information for assessment decisions

Learningaim A

For distinction standard, students critically consider how well different strategies balance
competing priorities across the three pillars, drawing on well-chosen examples to support
their conclusions. Evidence typically demonstrates an ability to weigh relative success,
limitations and unintended consequences. Students justify viewpoints using linked
reasoning across social, economic and environmental considerations, showing awareness
of complexity and compromise. Conclusions are clearly reasoned and grounded in
evidence. Work at this level shows confidence in handling abstract interrelationships and
reflects a good understanding of sustainability as a decision-making framework.

For merit standard, students make clear links between social, economic and environmental
factors, explaining how priorities in one area may compromise or create tensionin another.
Examples are selected to support analysis. Students demonstrate an ability to compare
outcomes, highlighting conflicting objectives such as economic growth versus
environmental protection, or social wellbeing versus resource use. Theirreasoning shows
increasing independence, with links drawn across content areas. Evidence is structured
logically, and explanations demonstrate a coherent line of thinking that reflects an
understanding of sustainability as a dynamic and interconnected system.

For pass standard, students present descriptive accounts that clearly distinguish social,
economic and environmental considerations, using appropriate terminology drawn from
the content. Examples are likely to be straightforward and may be drawn from familiar
scenarios. Students show awareness that actions taken within one pillarcanlead to
consequencesinthe others, supported by simple cause-and-effect explanations.
Relationships between pillars are simplistic, with evidence tending to focus on obvious
impacts. Evidence relies on the givenresources, case studies or structured prompts,

but demonstrates that students understand sustainability as a balanced concept
ratherthanisolatedissues.
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LearningaimsBand C

For distinction standard, students evaluate sustainability decisions, justifying
recommendations with clear and logically connectedreasoning. Evidence shows that
students considerlong-termimpacts, systemresilience, critical transitions and equity
alongside environmental and economic implications. Management concepts such as
mitigation, adaptation and opportunity cost are applied selectively to support well-
evidenced judgements about the most appropriate interventions. Students demonstrate
strategic thinking by prioritising actions based on system behaviour and contextual
constraints. Work at this level shows links across concepts and pillars, resulting inreasoned,
defensible conclusions that reflect sustainability as a decision-making framework.

For merit standard, students apply multiple concepts togethertointerpret causes,
consequences and trade-offs within sustainability scenarios. Evidence typically shows
consideration of feasibility, effectiveness and competing priorities across social,
economic and environmental pillars. Students assess alternative interventions,

explaining how different choicesinfluence system stability, resource use or social
outcomes. Reasoning reflects developing systems thinking, with students recognising
interdependence, feedback and constraints such as opportunity cost or carrying capacity.
Explanations are coherent, well-structured and supported by contextual understanding,
indicating an ability to make informed, balanced judgements.

For pass standard, students use appropriate terminology to explain concepts such

as feedback, resilience, ecological footprint or mitigation andlink these to simple
sustainability scenarios. Applications demonstrate that students can identify social,
economic and environmental impacts of human activity and explain how sustainability
concepts help inform decisions aimed at reducing negative effects. Explanations may be
descriptive, focusing on direct relationships. Students may rely on provided case studies or
examples, but evidence shows that they can transfer conceptual knowledge into practical
interpretation, demonstrating a functional understanding of how sustainability concepts
supportresponsible decision-making.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 5: Scientific Principles for Energy Systems

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students explore scientific principles governing energy transfer, power, efficiency,
electricity, magnetism, heat transfer and thermodynamics in real energy systems.

Unitintroduction

This unit underpins how energy systems operate in the real world, using scientific principles
governing energy transfer, conversion and efficiency. Students will develop their
understanding of how technologies such as motors, generators, transformers and thermal
systems performin practice, why losses occur and why efficiency improvements are
essential for cost reduction, sustainability and system reliability in green energy.

The content spans core physics applied to energy systems, including energy pathways,
work, power and efficiency; electrical and electromagnetic principles in energy machines;
and heat transfer and thermodynamics. You will apply equations to practical scenarios,
analyse losses across electrical, mechanical and thermal domains and explore unavoidable
efficiency limits.

Completion of this unit strengthens scientific reasoning and analytical skills, supporting
progression to advanced study in green energy, engineering or applied science. It also
prepares students for occupational roles by providing the essential knowledge needed
tounderstand, evaluate and improve real-world energy systems in employment.

Learning aims
In this unit you will:
A Understand energy pathways, work, power and efficiency in energy systems

B Understand electricity, magnetism and electromagnetism in energy machines
(motors, generators, transformers)

C Beabletomeasure heat transfer and thermodynamics affecting energy-system
performance

D Understand carbon dioxide emissions savings.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 77



Unit 5: Scientific Principles for Energy Systems

Summary of unit

Key content areas Assessment approach

A Understand energy
pathways, work, power and
efficiency in energy systems

Al Energy stores, pathways
and transfer chains

A2 Work, power and energy
transfer

A3 Efficiency, losses and
energy pathways

B Understand electricity,
magnetism and
electromagnetismin
energy machines (motors,
generators, transformers)

B1Electrical powerand
energy in practical machine
contexts

B2 Magnetism and field
interactionin machines

B3 Electromagnetic
induction and energy
conversion

B4 Machines, efficiency
andloss mechanisms

CBeableto measure
heat transferand
thermodynamics
affecting energy-system
performance

ClHeat, temperature and
thermal energy applied to
system performance

C2 Heat-transfer
mechanisms and loss
reduction

C3 Thermodynamics and
limits to efficiency

C4 Combined-system
thinking: losses across
domains

D Understand carbon
dioxide emissions savings

D1 Carbondioxide (CO,)
emissions savings

D2 Estimate of CO,
emissions savings

D3 Potential significance
of parasitic energy
consumptioningreen
energy systems

This unitis assessed through
aPearson Set Assignment.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand energy pathways, work, power and efficiency in
energy systems

Modelling energy transfers using quantitative relationships to explain where energy goes,

why losses occur and how efficiency can be improved at the system level.

AlEnergy stores, pathways and transfer chains

e Energystoresandpathwaysinengineered systems (electrical, mechanical, thermal).

e Transferchains and conversions (e.g. electrical > mechanical > thermal losses).

e Usefulversuswasted energy; defining the ‘useful output’ for a stated purpose
(context-dependent).

A2 Work, power and energy transfer

Students apply equations to typical energy tasks (motors, electrical generators,
wind turbines, hydroelectric turbines and heating or cooling systems).

Fundamental relationships applied in contexts of wind turbine generators,
hydroelectric generators and heating or cooling systems.

Work done:W=Fxd

W =work done (J), F=force (N), d = distance moved (m)

Power: P :%and P =€

P =power (W), W=work (J), E =energy (J), t =time (s)

Energy transferred:E=P x t
E =energy (J), P =power (W), t =time(s)
Heat transfer: Q = mc, AT

¢ Unitsand meaning: joule (J), watt (W), kilowatt-hour (kWh), British Thermal Unit (BTU),
BTU/hr.

e Powerratings and duty cycles (qualitative): why peak power differs from average power
inreal devices.
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A3 Efficiency, losses and energy pathways
e Efficiency definitions for different transfers (mechanical, electrical, thermal).

e Energyloss mechanisms: friction, resistance heating, turbulence, unwanted heat
transfer.

e Efficiencyimprovement strategies at principle level: reducing friction, reducing resistive
losses, insulation/heat recovery, improving matching (load versus supply).
Key relationships appliedin context:

_ useful output energy

Efficiency (decimal):n =

total input energy

Efficiency (%): 1% = (M) x 100

total input

Energy |OSt: Elost = Ein - Euseful

Learning aim B: Understand electricity, magnetism and electromagnetismin
energy machines (motors, generators, transformers)

Electromagnetismin energy machines, including how electrical and magnetic principles
enable generation and conversion.

B1Electrical power and energy in practical energy machine contexts

e Current, voltage, resistance and power as operational quantities formachines.

e Applying machine-relevant relationships (kept purposeful, not repetitive circuit drills):

Electricalpower:P =V x |
Electricalenergy:E=P x t

(Ohm’slaw used where required for machine contexts): V=1x R
e Electricallossesin conductors and windings (link to heating and efficiency).

B2 Magnetism and field interaction in machines

e Magneticfields: fieldlines, flux as a qualitative idea and why field strength matters.

e Electromagnets: factors affecting strength (turns, current, core material).

e Force effectsandtorque (qualitative): why motors produce rotation, including Fleming’s
left-hand rule for motors and right-hand rule for generators.

B3 Electromagnetic induction and energy conversion

e Inductionconcept: changing magnetic environment - induced potential difference
(qualitative).

e Generators: mechanical rotation > electrical output (principle model e.g. basic
electromagnetic induction model), including Fleming'’s right-hand rule for generators.

e Transformers (principle level only): why voltage levels matter for electricity transmission
efficiency (qualitative).
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B4 Machines, efficiency and loss mechanisms

Where losses occurin energy machines: resistive heating, eddy currents, friction,
hysteresis.

Comparing motor versus generator operation as conversion of mechanical to electrical
energy in opposite directions (inverse conversions).

Learning aim C: Be able to measure heat transfer and thermodynamics affecting
energy-system performance

Thermodynamics, heat transfer and unavoidable efficiency limits, using calculations.

C1Heat, temperature and thermal energy applied to system performance

Heat versus temperature; thermal equilibrium.

Specific heat capacity as a performance idea (sensible heating and cooling).
Applying thermal energy calculationsin controlled heat-transfer tasks:
Thermal energy change: Q = mcyAT.

C2 Heat-transfer mechanisms and loss reduction

Conduction, convection, radiation (and typical contexts in energy systems).
Thermalresistance idea (qualitative): why insulation works.

Heat exchangers and heatrecovery.

Loss reduction strategies: insulation, reflective barriers, reducing unwanted convection.

C3 Thermodynamics and limits to efficiency

First law (energy conservation) applied to closed processes (qualitative and simple
balances).

Secondlaw (energy degradation) and why waste heatis unavoidable.

Heat engines and practical limits, and why this drives interest in efficiency
and heatrecovery.

System examples used only asillustrations (e.g. thermal plants, engines, heat pumps
as conceptualreferences).

C4 Combined-system thinking: losses across domains

Multi-step energy conversion chains (electrical & mechanical & thermal).
Identifying dominant losses and ‘best lever’ improvements based on principle
reasoning.

Trade-offs: reducing one loss may increase another (e.g. insulation versus overheating
risk, transformer sizing versus cost).
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Learning aim D: Understand carbon dioxide emissions savings

D1 Carbon dioxide (CO.) emissions savings

Role of CO; emissions savingsinlocal policy and regulations.

Sensitivities of baseline power generation CO; emissions to mix of renewable and
non-renewable energy sources, in comparative electricity supply by country/region.

Implications of power plant system energy efficiencies.

Barriers to uptake of green energy systems, e.g. securing official authorisation/
approval forwind turbines or hydroelectric plant; complying with environmental law
for geothermal systems; rooftop or ground-level space available for solar collectors.

D2 Estimate of CO, emissions savings

Grid electricity supply.

Conventionally fuelled thermal energy systems (oil-fired boilers, gas-fired boilers,
grid-supplied electric heating, grid-supplied electric refrigeration chillers).

Low-carbon energy systems driven by renewable energy sources (solar thermal,
solar photovoltaic, solar thermal absorption cooling, wind turbines, tidal energy,
hydroelectric, biomass and biogas).

Low-carbon energy systems driven by non-renewable energy sources (gas-fired
combined heat and power (CHP) or gas-fired combined cooling, heat and power
(CCHP); gas-fired absorption chillers; district heating or cooling networks;
grid-supplied electric heat pumps).

D3 Potential significance of parasitic energy consumption in green energy systems

82

Solarhot water (circulation pump and electronic controls).

Solar photovoltaic-thermal (PVT) (circulation pump, inverter standby power and
electronic controls).

Solar photovoltaic (PV) (tracking) (inverter standby power, electronic controls and
automatic photovoltaic panel tracking system).

Concentrated solar power (CSP) (circulation pump, electronic controls, automatic mirror
tracking system).

Biogas anaerobic digestion (feedstock pre-heating, digester heating, digester mixer,
feedstock delivery system, electronic controls).

Geothermal (circulating pump and electronic controls).
Ground-coupled cooling (air circulation and electronic controls).
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Assessment criteria

Unit 5: Scientific Principles for Energy Systems

Learning aim A: Understand energy pathways, work, power and efficiency in

energy systems

Learning aim B: Understand electricity, magnetism and electromagnetismin
energy machines (motors, generators, transformers)

R

A.P1Explain energy stores
and pathwaysin an energy
conversion chainand
identify usefuland
wasted transfers.

A.P2 Use appropriate
equations to calculate work
done, power or energy
transferredina given
energy-system task.

A.M1Explain, using
calculations, how losses
reduce efficiency across a

multi-step energy pathway.

B.P3 Explain how magnetic
fields and electromagnets
support operation of
motors, generators
ortransformers.

B.P4 Use electrical
power/energy relationships
in amachine context to
determine input, output or
loss (given suitable values).

B.M2 Explain how induction
and machine design
featuresinfluence
conversion efficiency and
typical loss mechanisms.

AB.D1Analyse a multi-stage
energy system by
quantifying key transfers
andlosses across electrical,
mechanical and thermal
domains, recommending
efficiency improvements,
thenjustify the most
effective efficiency
improvements.
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Learning aim C: Be able to measure heat transfer and thermodynamics affecting
energy-system performance

Pass

C.P5Usethermal energy
relationships to calculate
heating/cooling energy
changesin a given scenario.
[SP-PS]

C.P6 Outline conduction,
convection andradiation
relevant to energy systems.

Merit

C.M3 Explain, using
thermodynamic principles,
why waste heat occurs and
how heat transferreduction
orrecovery canimprove
overall system performance.

Distinction

C.D2 Evaluate competing
energy improvement
options, theirimpacton
overall efficiency and
practical constraints.

Learning aim D: Understand carbon dioxide emissions savings

D.P7 Explain benefits of
CO; emissions savings
related to green energy
systems.

D.P8 Using locally relevant
emissions factors, compare
CO,emissions savings for
two different green energy
systems.

D.M4 Explainimplications
for CO; emissions savings of
parasitic energy sourcesin
three green energy systems.

D.D3 Evaluate uptake
barriers and potential
emissionsimpact of
increased use of energy
sources onregional
electricity supply.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PSV
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 20 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e thermalmeasurement and heat-transfer equipment: temperature probes,
thermometers, calorimeters, insulated containers and simple heat-transfer kits for
measuring heating, cooling andlosses

e calculationand analysis resources: scientific calculators, computers with spreadsheet
software, and prepared data sets or specifications for system performance and CO2
emissions analysis.

Essential information for assessment decisions

Learning aims A and B

For distinction standard, students present a coordinated analysis of a multi-stage energy
system. Calculations are used to quantify energy transfers and losses across electrical,
mechanical and thermal stages, and the results are interpreted rather than simply stated.
The student evaluates which losses have the greatest effect on performance and selects
improvement options based onreasoned comparison. Explanations link electromagnetic
behaviour, machine operation and efficiency outcomesinto a single line of reasoning.
Recommendations are supported by numerical evidence and clear scientific explanation,
with consideration of practical limits such as cost, complexity or the reduced benefit of
furtherimprovement. The evidence shows confident evaluation of whole systems rather
thanindividual components.

For merit standard, students’ evidence shows connected explanations rather thanisolated
responses. Calculations are used to show how losses affect performance across more than
one stage of an energy system, rather than being treated as standalone tasks. The student
explains how features of machine design or operating conditions influence electrical,
mechanical and thermal behaviour, linking electromagnetic principles to efficiency
outcomes. Explanations are clearly structured and set withinrealistic system contexts,
showing why losses occur and how they affect overall performance. The student often
compares different operating conditions or machines, using calculated values to support
explanations. The work shows clear cause-and-effect reasoning and effective links
between energy transfer and machine operation.
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For pass standard, students’ evidence shows understanding of basic scientific ideas
usedin energy systems and machines. They use standard equations correctly in familiar
situations, showing how values for energy, power, electrical input or output are calculated
with appropriate units. Explanations describe how energy moves through simple systems,
identifying where changes inform occur and where energy is lost. In machine contexts,
the students explain how electrical and magnetic effects allow motors, generators or
transformers to operate, using accurate but limited descriptions. The work is generally
correct and linked to the given context, showing that the student can carry out required
calculations and provide relevant explanations, even though the analysis is mainly
descriptive and follows taught examples.

Learningaim C

For distinction standard, students evaluate alternative thermalimprovement options
using calculated data and thermodynamic reasoning. Evidence demonstrates clear
judgement when selecting approaches by recognising limits set by the first and second
laws of thermodynamics, system design constraints and operating conditions. Thermal
calculations are interpreted to assess overall system performance rather than presented
inisolation. The student explains where reductions in heat loss orimprovementsin heat
recovery deliver meaningful performance gains and where benefits are inherently limited.
Conclusions arejustified using linked reasoning about heat transfer, efficiency and
unavoidable waste heat, showing a confident understanding of how scientific principles
shape realistic improvement decisions.

For merit standard, students explain why waste heat occurs by linking thermodynamic
principles to system behaviour. Thermal calculations are used to show how reducing heat
transferlosses orrecovering heatimproves overall system effectiveness. Explanations
demonstrate clear cause-and-effect reasoning between conduction, convection and
radiation processes and observed performance changes. The student compares
improvement options or operating conditions with reference to calculated values,
showing that gainsin one area may be constrained by physical limits or trade-offs
elsewhere. Evidence shows clear connections between thermal behaviour and

system efficiency.

For pass standard, students correctly use thermal energy equations to calculate heating
or cooling energy changes, applying appropriate values, units and rearrangements.
Descriptions of conduction, convection andradiation are relevant to energy-system
contexts and explain how heat is transferred and lost. Calculations are generally accurate
and linked to the given scenario. Evidence focuses on measured or calculated thermal
effectsratherthan wider evaluation, showing that the student can describe heat-transfer
processes and quantify thermal energy changes in familiar situations.
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LearningaimD

For distinction standard, students evaluate carbon dioxide emissions savings by
considering emissions data, parasitic energy consumption and system-level constraints
together. Calculated comparisons are used to assess the net emissions impact of different
energy systemsratherthan headline savings alone. The student explains where increased
deployment of certain technologies produces significant emissions reductions and

where benefits are reduced by parasitic loads, efficiency limitations or uptake barriers.
Conclusions are justified using linked reasoning about emissions factors, energy use and
real-world constraints, demonstrating informed judgement about the realistic emissions
impact of energy choices at aregional or system scale.

For merit standard, students explain how parasitic energy use affects net carbon dioxide
emissions savings in green energy systems. Emissions calculations and comparisons are
interpreted to show how additional energy demands reduce overall benefits. The student
links system design and operation to emissions outcomes, explaining why improvements
in carbon savings may be limited by inefficiencies or auxiliary energy consumption.
Comparisons between systems are supported by clear reasoning, showing an
understanding of how emission factors and system performance interact.

For pass standard, students compare carbon dioxide emissions savings for different
energy systems using the provided orlocally relevant emissions factors. Calculations

are generally correct and show how technology choice influences carbon output.
Explanations describe observable differencesin emissions outcomes rather than wider
systemimplications. Evidence demonstrates that the student can calculate and compare
emissions savings and explain, in simple terms, why some systems result inlower carbon
dioxide emissions than others.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 6: Mathematics for Energy Technicians

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students develop arithmetic, algebra, unit conversion skills as well as calculus techniques to
solve energy problems. Sequences and statistical methods are applied to solve real-world
problemsin green energy.

Unitintroduction

This unitisrelevant to real-world energy and energy contexts, where technicians are
expected to carry out accurate calculations, interpret data and justify decisions using
numerical evidence. Students need secure skills in fundamental mathematics to estimate
energy use, calculate costs, assess efficiency and communicate results with confidence,
ensuring safe, economical and professional practice in energy-relatedroles.

The unit develops core mathematical competence through applied arithmetic, use of
sequences, calculus and data-handling techniques. You will cover energy and electrical
calculations, unit conversions, measurement accuracy and error awareness, the application
of sequences and calculus, and the interpretation of data using tables and graphs.

Learning emphasises the practical use of standard formulae, reasonableness checks,

the application of sequences to energy problems, the application of calculus and
graphicalinterpretation and summary measures such as means and gradients,

reflecting typical technician tasks rather than abstract mathematics.

Achievementin this unit supports progression to further study in green energy and energy
systems by strengthening analytical and data-handling skills. It also enhances employability
by equipping students with the quantitative confidence required for occupational roles,
apprenticeships and industry-based training pathways.

Learning aims

In this unit you will:

A Understand units, measurement, conversions and error analysis

B Understand how sequences and series can be used to solve energy problems
C Beabletouse calculusto solve energy problems

D Beabletoundertake data handling and graphical representation.
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Summary of unit

Key content areas Assessment approach

A Understand units,
measurement, conversions
and error analysis

Al Units and prefixes usedin
energy and electrical work
A2 Conversions usedin
technician tasks

A3 Measurement,
uncertainty and error
handling

A4 Solving engineering
problems

B Understand how
sequences and series can
be usedto solve energy
problems

B1Arithmetic and geometric
progressions

B2 Binomial expansion
B3 Power series

CBeabletouse calculus
to solve energy problems

C1Methods of differential
technigques

C2 Methods of integration
technigques

C3 Numerical value of
a derivative

D Be able to undertake data
handling and graphical
representation

D1 Collecting and organising
data

D2 Graphsusedinenergy
contexts

D3 Summary measures and
rate of change

This unitis assessed through
aPearson Set Assignment.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand units, measurement, conversions and error analysis

AlUnits and prefixes used in energy and electrical work
e Slunitsand common derived units used in energy contexts:
o W,kW,MW;Jand kWh;V, A Q;sandh;°CandK.
e Correctuse of prefixes (milli-, kilo-, mega-) and avoiding common mistakes
(e.g. confusing kW and kWh).
A2 Conversions used in technician tasks
e Time, power and energy conversions used in bills and specifications:
Thour=3600 seconds
TkW =1000W
TMW =1000 kW
TkWh=3.6 x 106 J
T(K)=T(°C)+ 273
A3 Measurement, uncertainty and error handling
e Accuracy, precisionandresolution (purpose, importance).
e Rounding and significant figures:
o choosingan appropriate number of significant figures based on data quality.
e Errorhandlingin measurements:
o recognising likely sources of error (instrument, reading, environment)
o communicating limitations clearly and professionally.
e Percentage error(usedwhere a ‘true’ orreference value is given):

Measured — True

P t E = x 100
ercentrage Error —

A4 Solving engineering problems
e Solve hydrodynamic problems:
o calculatingforces atrestand motion
o calculating forces acting against aretaining wall
o fluid behaviour;viscous flow, laminar flow, turbulence
o use of Bernoulli's equation.
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e Solved problems should be determined to a specified degree of accuracy, through the
use of:

o

O

significant figures
decimal places

Learning aim B: Understand how sequences and series can be used to solve
energy problems

B1 Arithmetic and geometric progressions

e Definitions:

o

o

o

o

seqguence as an ordered collection of numbersa, b, c, d

progression as a sequence thatincreasesin a particular pattern,i.e. thereisa
constant relationship between a number andits successor

series asthe sum of thevaluesinasequencea+b+c+d..
terminology - first term a, last term [, connection by law.

¢ Routine operationsinvolve:

©)

o

o

arithmetic progression (AP):

- commondifferenced

- general expressionforasequenceinAP: a, (a + d), (a + 2d), (a + 3d),... a+(n-1)d

- nthterm(lastterm)/=a+(n-1)d

- sumofanAP tonthterm (arithmetic series):
s=at+(@+d)+(@+2d)+--+(U-d)+1= %n(a+l)

geometric progression (GP):

- commonratior

- generalexpressionforasequenceinGP a, ar,ar?, ar’, ..., ar™"

- sumofaGPtonthterm(geometric series):

5 3 a(l—-r")

s=a+ar+ar-+ar*+--4+ar*=——=
1-7)

convergence

sum toinfinity.

¢ Non-routine operationsinvolve:

o
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real-world applications, e.g. machinery speeds, increasing or decreasing pattern
requirements, drilling costs, manufacturing estimation.
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B2 Binomial expansion

Definitions:

o

o

(@]

Binomial expression that takes the form (a + b)"
Binomialtheorem when nis a positive integer:

(a+b)"=a"+na"1h + @a"‘zb2 + Wan—w + -+ b" (afinite series)

n!

Which canbe written as (a+b)" :g o an where ,C, = W
Alternative form

A+x)"=1+nx+ n(nzj D x? + n(n - 13)!(11 —2) x3 4 oo xT
Binomialtheorem when nis not a positive integer:

(+x)" =1 +nx + 28Dz 4 n(n_l)'(n_z)

- - x3 + -+ x"for-1<x<1only (aninfinite series)

¢ Routine operationsinvolve:

©)

o

construction of Pascal’s triangle
expansion of (a + b)" for positive values of nusing Pascal’s triangle.

Non-routine operations involve:

o

(@]

©)

expansion of (1 +x)" for non-positive integer values of nusing binomial theorem
calculation of the nth term using binomial theorem

real-world applications, e.g. small errors, small changes, percentage changes,
approximation of errors.

B3 Power series

Definitions:

o

©)

apowerseriesas f(x) = ay + a;x + a,x? + azx3 + -+ + a,x™

aTaylorseries as

f*(a)
2!

f(@)

n!

fG) =fla)+f(@x—a)+ (x—a)?+--+ (x—a)"

Routine operationsinvolve:

o

o

(@]

aMaclaurin series as a Taylor serieswitha=0
convergence and divergence
conditions for convergence and divergence.

Non-routine operationsinvolve:

©)

o

numerical value for e using a power series
proof that

d . .
é (e*) = e* using series

real-world applications, e.g. errorin area or volume for small errorin measurement of
length, oscillator frequency for an electrical circuit if components have small errorsin

their values.
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Learning aim C: Be able to use calculus to solve energy problems

C1Methods of differential techniques

Gradient of a function.

Smallchangeinaquantity.

Differentiation from first principles to produce the limiting value (derivative) of a simple
power function, e.g.y = 2x2.

Leibniznotation % orrepresenting the derivative of a function.

ds dQ
9 dt dt

Independent variable and the coding method ‘withrespectto’ (w.r.t.).

Notation forthe derivative, e.

Differentiation by standardresults (y = ax", Where% = nax(®™D)

The derivatives of algebraic (power), trigonometric (sine, cosine), logarithmic and
exponential functions (ax", sinax, cosax, loge(ax), e®)

du dv

: d d dv d V——U—

Product and quotientrules: X = v = 4 ¢y =, = dx__dx
dx dx dx " dx v2

Function of a function (chain rule) method.
Substitution method

C2 Methods of integration techniques

96

Symbolic representation ()4
Algebraic expressions and the constant of integration.
Types of functions: polynomial, trigonometric (sine, cosine), reciprocal and exponential.

Routine functions are integrated in one step without the need for manipulation, using
standard calculus methods and/or are not applied to an energy context, including:

o polynomial,e.g. (x? — 3x + 4)dx

o trigonometric (sine, cosine), e.g.(sin56 — 3cos46)d6

o reciprocal, e.g. (%) dx

o exponential,e.g. (e3")dt
Non-routine functions are integrated in more than one step requiring manipulation, using
standard calculus methods and/or may be applied to an energy context, including:

o polynomial, e.g. x?(x3 + 5)%dx

o trigonometric (sine, cosine), e.g. (1505?:9) dé

o exponential, e.g. efcostdt

Integration of common functions by standard results - axn, sinax, cosax, 1x, eax
Indefinite integrals, constant of integration, initial conditions.

Definite integrals - limits and square bracket notation.
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e Integration by substitution.
e Integrationby parts.
e Solve energy problems associated with integration techniques.

C3 Numerical value of a derivative

e Substitution of numerical valuesinto the expression for the derivative.
e Instantaneous gradient atapointonacurve.

e Positive, negative and zero values for gradients.

e Gradientvalues obtained analytically and graphically.

e Examples ofrates of change, e.g. velocity/acceleration of a moving object, rate of
charge/discharge of a capacitor, heat flow, radioactive decay, cutting tool life,
charge/dischargerate foran airreceiver, hydraulic flow rates.

e Solved problems should be determined to a specified degree of accuracy, through the
use of:

o significant figures
o decimalplaces.

Learning aim D: Be able to undertake data handling and graphical representation

D1 Collecting and organising data
e Datatypes(discrete/continuous)and choosing suitable tables.
e Usingspreadsheetsto:
o structure data, label units correctly, and maintain consistency (overview).
e |dentifying outliers/anomalies (as a mathematical check).

D2 Graphs used in energy contexts
e Selectingappropriate graph types (line, bar, scatter) fora stated purpose.
e Plotting graphs with correct:
o axislabels, units, scales and titles.
e Interpreting aplotted graph mathematically:
o trenddirection, rate of change, turning points (where present).

D3 Summary measures and rate of change
Mean (average):

Mean = (sum of values) = (number of values).
Gradient (rate of change):

Gradient = Ay + Ax.
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e Application of meanto:
o average daily consumption from meterreadings
o average powerdemand overasimpleinterval.
e Application of gradient to:
o rate of temperature change (given values)
o rate of energyuseincrease/decrease overtime (givenvalues).
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Assessment criteria

Unit 6: Mathematics for Energy Technicians

Learning aim A: Understand units, measurement, conversions and error analysis

N

A.P1Use correctunits and
prefixes when measuring
and calculating energy-
related quantities.

A.P2 Convert between
common units used,
applying conversions
correctlyin calculations.

A.M1Solve energy
problems, using technically
correctlanguage anda
logical structure.

A.D1Evaluate how
significant figures and
measurement error affect
confidencein acalculated
result, using example
calculations.

Learning aim B: Understand how sequences and series can be used to solve

energy problems

Pass

B.P3 Solve given problems
using routine arithmetic and
geometric progression
operations.

Merit

B.M2 Solve given problems
accurately using routine and
non-routine arithmetic and
geometric progression
operations.

Distinction

B.D2 Evaluate, using
non-routine sequence

and series operations,
solutions of given problems
accurately using routine and
non-routine operations.

Learning Aim C: Be able to use calculus to solve energy problems

C.P4 Solve given problems
using differential calculus
techniques. [SP - CT]

C.P5 Solve given problems
usingintegration calculus
techniques. [SP - CT]

C.M3 Solve problems
accurately to derive the
numerical value of a
derivative.

C.D3 Evaluate, using
appropriate differential
andintegral calculus
techniques, values for given
problems using routine and
non-routine functionsinan
energy context.
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Learning aim D: Be able to undertake data handling and graphical representation

Pass

D.P6 Organise data
intables, producing
appropriate graphs with
correct labels and units.
D.P7 Determine means and
gradients from data/graphs
tointerpretrates of change
and typical values.

Merit

D.M4 Explain how graph
choice, scale and outliers
caninfluence conclusions
drawn from a dataset.

Distinction

D.D4 Evaluate the reliability
of conclusions drawn froma
small dataset by comparing
alternative graphing/scaling
choices and discussing
uncertainty due to
measurement error

and rounding.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CTvV
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 6 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e scientific calculators and formulareference sheets: for arithmetic, algebraic
rearrangement, energy, power, efficiency and cost calculations.

e measurement and electrical context equipment: multimeters, plug-in energy monitors
or sample nameplate data forrealistic technician scenarios.

Essential information for assessment decisions

Learningaim A

For distinction standard, students analyse technician-style scenarios holistically,
integrating arithmetic, algebra, units, conversions and error awareness into ajustified
numerical outcome. Evidence shows confident selection of appropriate formulae
without guidance, adapting calculation approaches to suit context rather than following
asingle routine method. Students compare alternative pathways to reach aresult where
appropriate, selecting the most efficient orreliable approach. Calculations are supported
by a clear explanation of assumptions, limitations and the impact of measurement
uncertainty on final values. Students communicate conclusions in a professional manner,
showing how checks, conversions and error considerations strengthen confidencein
decisions such as estimated costs, efficiency comparisons or equipment suitability.
Final results are clearly reasoned, not just numerically correct.

For merit standard, students go beyond correct calculation by clearly explaining how
multi-stage energy-related calculations are structured, and why particular methods, units
and conversions are appropriate. Evidence shows coherent working that links arithmetic,
algebra andunit handling into connected stepsrather thanisolated operations. Students
justify rearranging formulae and selecting values by referring to the physical meaning of
quantities such as powerratings, time periods or measured current. Work demonstrates
consistent control of significant figures aligned with measurement quality, and students
explain how rounding choices affect confidence inresults. Error sources such as instrument
resolution, reading uncertainty or environmental conditions are identified andrelated
directly to calculated outcomes. Reasonableness checks are explicitly referenced,
showing how students validate answers before presenting a final result.
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For pass standard, students apply fundamental arithmetic and algebra accurately in
familiar energy technician contexts and support this with correct use of units and basic
conversions. Students demonstrate this through clear calculations using integers,
decimals, fractions, percentages, ratios and simple formulae linked to power, energy,
current, voltage, resistance and cost. Submitted work shows correct substitution of
values with units retained throughout. Evidence includes appropriate conversions between
common units such as watts and kilowatts, hours and seconds, joules and kilowatt-hours,
without prompting. Students show awareness of realistic values by checking outcomes
against expectations, for example, identifying when a calculated cost orenergy use
appears unreasonable. Measurement awareness is demonstrated through sensible
rounding and basic acknowledgement of accuracy limitations, evenif discussion of
errorremains brief.

LearningaimB

For distinction standard, students critically evaluate problems involving sequences

and series, using technically correct language and a coherent structure. Students will use
mathematical methods and terminology precisely and apply relevant units when working
with mathematical expressions that model scientific situations. Small and large numerical
values willbe correctly presentedin an appropriate format, e.g. scientific notation or
standard form. Evidence should include the accurate application of non-routine methods
and clearjustification of the chosen strategies. Carry-through errors (initial incorrect values
or mistakes in a multi-step calculation where subsequent steps are performed correctly)
are acceptable if they do not detract from the depth of evaluation and the logical
consistency of the reasoning presented.

For merit standard, students accurately apply both routine and non-routine techniques for
arithmetic, geometric and power series problems. The numerical work will be carried out to
an appropriate degree of accuracy, e.g. using the appropriate number of significant figures
and decimal places. Solutions show precision most of the time and adaptability to varied
contexts. Carry-through errors are acceptable if they do not undermine the demonstration
of method selection and logical progressionin problem solving.

For pass standard, students demonstrate the ability to apply standard methods for
arithmetic, geometric and power series to solve given problems. Evidence should show
correct use of equations andlogical stepsinroutine contexts. Minor arithmetic and/or
scaling errors are acceptable, as are carry-through errors. Students demonstrate an
appreciation of the need to use units correctly, but may make errorsin their application.
There will also be evidence of simple checks to determine if numerical answers are
appropriate.
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Learningaim C

For distinction standard, students will demonstrate confidence in the application

of differential and integral calculus methods to the solution of given problems using
mathematical functions. Students correctly and efficiently determine six routine and

six non-routine differential functions. Areasoned and balanced evaluation (argument)
willbe presented when considering how variables can be optimised for at least two
non-routine functions related to an energy context. Students will correctly and efficiently
apply integration techniques to six given problems. Overall, the evidence will be logically
structured and easy to understand by a third party with a mathematical background.
Forexample, students use mathematical terminology correctly and use relevant units
when working with functions setin energy contexts. Small and large numerical values will
be correctly presentedinan appropriate format, i.e. standard form or engineering notation.
Students willwork to alocally specified numerical precision using appropriate significant
figures ordecimal places.

For merit standard, students will apply the correct skills and methods when producing the
derivatives of functions and applyingintegral calculus methods. Students will correctly
differentiate routine and non-routine functions (one polynomial, two trigonometric, one
logarithmic and one exponential). Students will compare the results obtained graphically
and analytically for the two gradients being investigated; for example, they will discuss
the numerical accuracy of the two methods. Students will correctly integrate routine and
non-routine functions. Students should solve two problems accurately to derive the
numerical value of a derivative. Overall, students’ numerical work will be accurate,

using an appropriate degree of precision as specified by the assessorin significant
figures or decimal places, and relevant units will be used for all functions. A limited
number of arithmetic follow-through errorsis acceptable for non-routine functions.

For pass standard, students will apply the correct skills and methods when differentiating
atleast five givenroutine mathematical functions. Students will correctly manipulate at
least one polynomial, two trigonometric, one logarithmic and one exponential functions.
Some functions will be sufficiently complex to enable students to select and apply the
correct method (product, quotient, function of a function and substitution) when producing
first and second derivatives. Students willdemonstrate that they can find, graphically and
analytically, at least two gradients for each type of function. For the polynomial and
trigonometric functions, students will calculate the turning points in the context of rates of
change. Overall, students must be able to demonstrate the correct use of amethod when
differentiating functions and use the correct units. Minor arithmetic and scaling errors are
acceptable. There will also be evidence of simple checks to determine if numerical answers
are ‘reasonable’. Graphical presentation of functions and determination of their gradients
can be done using a spreadsheet, provided that formulae are visible (printed out).
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LearningaimD

For distinction standard, students evaluate conclusions drawn from data by comparing
alternative representations and interpretations. Evidence includes discussion of how
changesinscales, graph types or data groupings alter perceived trends orrates of change.
Students explicitly relate these effects to uncertainty arising from measurement accuracy,
rounding and limited dataset size. Calculated means and gradients are assessed for
suitability, with students explaining when averages or linear trends may mask important
variation. Conclusions are balanced, clearly stating both what can and cannot be reliably
inferred from the data. Students demonstrate professional judgement by communicating
limitations transparently and suggesting how improved data collection or presentation
could strengthen confidence in outcomes.

For merit standard, students explain how choices made during data presentationinfluence
interpretation. Evidence justifies the graph type and scale inrelation to the dataandits
purpose, rather than simply presenting a graph. Students discuss how different scales,
dataranges or overlooked anomalies could lead to misleading conclusions. Mean values
and gradients are not only calculated but explained in context, linking numerical results to
what they representin practical energy situations. Students identify outliers and consider
whethertoretainthem ortreat them with caution. Conclusions are supported by references
to data quality, demonstrating growing awareness of reliability and limitations while
remaining grounded in the provided dataset.

For pass standard, students demonstrate competence by organising provided or
collected datainto clearly structured tables with correct headings and units. Graphs are
selected appropriately for the data type and purpose, and are plotted with labelled axes,
suitable scales and titles. Evidence includes straightforward interpretation of graphs,
identifying general trends or typical values without extended justification. Students
correctly calculate means from datasets and determine gradients from graphs where
values are given, linking these to basic interpretations such as average consumption orrate
of change. Spreadsheet use may be evident for data organisation, provided outputs are
clearand consistent. Overall, the work shows that students can present and interpret data
accurately in familiar energy-related contexts.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 7: Low or Zero Carbon Energy Systems

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Students study low- or zero-carbon technologies, linking system operation to energy
demand and userneeds. They analyse energy data and apply design, installation and
commissioning principles to develop suitable, efficient energy system solutions.

Unitintroduction

This unitisrelevant to real-world energy transition challenges, where low- and zero-carbon
technologies are increasingly used to reduce emissions and improve energy efficiency.
Students benefit from understanding how energy systems operate in domestic and light
industrial settings, which supports informed decision-making in sustainable design and
energy use.

Students will explore key technologies such as solar photovoltaic systems, heat pumps,
biomass and energy storage, alongside energy demand analysis and system design
principles. Students will learn how to interpret energy data, assess user needs and apply
technical knowledge to size, select andintegrate systems. They will also develop an
understanding of installation and commissioning processes, including safety, compliance
and performance verification.

This unit supports progression to further study inrenewable energy, engineering or
environmental science, and prepares you forrolesininstallation, energy assessment,
system design or sustainability-focused careers within the growing low-carbon sector.

Learning aims
In this unit, you will:
A Know appropriate technology to provide low- orzero-carbon energy to the end user

B Understand the design, installation and commissioning of low- or zero-carbon energy
systems fordomestic orlightindustrial consumers

C Understand the energy needs of adomestic orlightindustrial consumer.
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Summary of unit

Key content areas Assessment approach

A Know appropriate
technology to provide

low- or zero-carbon energy
totheenduser

AlLow- and zero-carbon
energy principles

A2 Low- and zero-carbon
energy technologies

A3 Electrical storage and
gridinteraction

A4 Factors affecting
technology selection

B Understand the design,
installation and
commissioning of low-
orzero-carbon energy
systems fordomestic or
light industrial consumers

B1System design
considerations

B2 Design of low- and
zero-carbon systems

B3 Installation requirements

B4 Commissioning and
handover

C Understand the energy
needs of adomestic orlight
industrial consumer

C1Energy demand
C2 Data collection
and analysis

C3 Buildingandusage
characteristics

C4 Calculatingand
presenting energy
requirements

C5Using energy
assessment outcomes

This unitis assessed through
aPearson Set Assignment.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Know appropriate technology to provide low- orzero-carbon
energy to the end user

AlLow- and zero-carbon energy principles

e Definition of low- and zero-carbon energy inrelation to carbonintensity
(gCO2/Kilowatt-hour/kWh).

e Difference betweenrenewable generation, low-carbon conversion and energy
efficiency.

e Relationship between primary energy source, conversion method and end-use
energy demand.
A2 Low- and zero-carbon energy technologies
Operating principles, typical applications and suitability for domestic orlight industrial use.

Solar technologies
e Solarphotovoltaic (PV):
o conversion of irradiance to electricity
o typical systemsizes (domestic 2-6 Kilowatt Peak/kWp)
o lightindustrial (10-50 Kilowatt Peak/kWp).
e Solarthermal(flat plate and evacuated tube):
o waterheating temperatures (30-70 °C)
o typicalcollectorareas (2-6m*domestic).

Heat pumps
e Airsource heat pumps (ASHP):

o air-to-waterandair-to-air systems

o typical output (4-20Kilowatt/kW)

o seasonalperformance factor (SPF2.5-4.0).
e Groundsource heat pumps (GSHP):

o verticaland horizontal loops

o borehole depths(50-150m)

o seasonalperformance factor (SPF 3.5-5.0).
e Watersource heat pumps.
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Biomass systems
e Biomassboilers andstoves:
o fuels(pellets, chips, logs)
o typical outputs (10-100kW)
o storage andhandling requirements.

Wind energy (small scale)
e Microand smallwind turbines:
o ratedpower(1-20kW)
o windspeedrequirements (=4-5m/s)
o sitesuitability.
Hydrogen and fuel cells
e Hydrogenasanenergy vector; fuel cell principles; current limitations for domestic/
light industrial deployment.
A3 Electrical storage and grid interaction
e Batterystorage: lithium-iontechnologies; typical capacities (5-20 kWh domestic).
e Export,import, and self-consumption concepts.
e Interaction with smart grids and demand response.

A4 Factors affecting technology selection

e Energy demand profile (heat, electricity, hot water).

e Site constraints: space, orientation, ground conditions, access.
e Climate and seasonal variation.

e Capital cost, operating cost, maintenance requirements.

e Carbonreduction potential and lifecycle considerations.

e Userrequirements and operational behaviour.

Learning aim B: Understand the design, installation and commissioning of low-
or zero-carbon energy systems for domestic or light industrial consumers

B1System design considerations

e Loadmatchingbetween energy demand and system output.
e Systemsizingusing peak and annual demand data.

e Efficiency, losses and part-load operation.

e Integrationwith existing building services (e.g. radiators, underfloor heating,
electrical supply).
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B2 Design of low- and zero-carbon systems

Solar PV systems

e Array orientation andtilt (typical 15-40°).

e Shadinganalysis andimpact on output.

e Inverters, DC/AC conversion and protection devices.
e Typical systemvoltages and string configurations.

Solar thermal systems

e Collectorselection, heat transfer fluids, and storage tanks.
e Pipeworkinsulation and stagnation control.

e Controlstrategies and auxiliary heating integration.

Heat pump systems

e Heatemitter compatibility (flow temperatures typically 35-55°C).
e Buffertanksandthermalstores.

e Groundloop andborehole design considerations (GSHP).

Biomass systems
e Boilersizing and fuel quality.
e Fluedesign, ashdisposal, and safe clearances.

B3 Installation requirements

e Preparation activities: surveys, risk assessments, permits.

e Mechanicalinstallation: mounting, pipework, ducting.

e Electricalinstallation: cabling, earthing, isolation, protection.

e Compliance with manufacturer guidance andindustry standards.
e Health, safety and environmental considerations.

B4 Commissioning and handover

e Pre-commissioning checks.

e Functional testing and performance verification.

e Systembalancing and parameter setting.

e Documentation: commissioning records, user manuals, warranties.

e Handovertoenduser,including basic operation and maintenance awareness.
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Learning aim C: Understand the energy needs of a domestic or light industrial
consumer

Cl1Energy demand

e Typesof energy demand: space heating, hot water, electrical loads, process loads.
e Domesticversuslightindustrial demand profiles.

e Daily, seasonal and annual variations in energy use.

C2 Data collection and analysis
e Review of utility bills and meter data (electricity and fuel).
e Typical consumptionranges:
o Domestic electricity: ~2,500-4,500 kWh/year
o Domestic heatdemand: ~8,000-2000kWh/year.
¢ |dentification of peakloads and base loads.

C3 Building and usage characteristics

Building size, layout and occupancy patterns.

Building fabric performance (walls, roofs, floors, glazing).
Influence of ventilation and infiltration rates.

Industrial process loads and operational hours (where applicable).

C4 Calculating and presenting energy requirements

e Estimation of annual and peak energy demand.

e Comparison of calculated demand with historic data.

e Presentation of findings using tables, charts or simple diagrams.

¢ |dentification of opportunities fordemand reduction and technology suitability.

C5 Using energy assessment outcomes

e Matchingassessed demandto appropriate low- orzero-carbontechnologies.
e Recognition of system limits and constraints.

e Useof assessment datatoinform design decisions.
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Assessment criteria

Unit 7: Low or Zero Carbon Energy Systems

Learning aim A: Know appropriate technology to provide low- orzero-carbon

energy to the end user

N

A.P10utline low- and zero-
carbontechnologies with
links to end-user
applications.

A.P2 Describe factors
influencing appropriate
technology selection (user
demand, site conditions
and carbonreduction
purpose).

A.M1Compare low-and
zero-carbon technologies,
eachlinked to their
suitability forend-user
needs.

A.D1Evaluate low- and
zero-carbon technologies’
effectiveness, constraints
and end-user needs.
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Learning aim B: Understand the design, installation and commissioning of low-
or zero-carbon energy systems for domestic or light industrial consumers

Learning aim C: Understand the energy needs of a domestic or light industrial

consumer

e e fEmes

B.P3 Describe design
considerations forlow-
orzero-carbon systems,
showing sizing, integration
and performance
requirements.

B.P4 Describe safe
installation and
commissioning
requirements linking to
compliance and functional
system operation.

B.M2 Develop coherent
system design decisions
withimplementation
considerations and
consistency between
design choices and
installationrequirements.

C.P5 Describe energy
demand characteristics
with adequate detail,
demonstrating
comprehension of
domestic orlight industrial
usage patterns.

C.Pé6Planand carry out
energy needs assessment
with clarity, using
appropriate datato
represent annual and peak
demandrequirements.
[SP - C&l]

C.M3 Analyse assessed
energy needs with depth,
showing consistency
between calculated
demand, building
characteristics and
usage behaviour.

BC.D2 Evaluate system
design and energy
assessment decisions,
justifying overall
effectivenessin meeting
consumer demands and
carbonreduction.

14
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&lvV
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 15



Unit 7: Low or Zero Carbon Energy Systems

Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 10 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e System demonstrators: small-scale solar PV panels, solar thermal rig, heat pump trainer,
basic biomass orwind demonstrator units.

Essential information for assessment decisions

Learningaim A

For Distinction standard, students construct well-developed evaluative responses that
bring together technical performance, environmentalimpact and practical constraints to
determine the overall effectiveness of technologies. They interpret evidence by weighing
advantages and limitations, such as variability of renewable sources, storage requirements
and lifecycle carbonimplications, inrelation to a specific user context. Students justify
conclusions by synthesising knowledge of energy demand, system integration and
operational behaviour, demonstrating how decisionsinfluence long-term performance and
sustainability outcomes. Theirresponses reflect critical understanding through balanced
judgements that connect technical detail with realistic applications. Students present
coherent, structured arguments that show clearinsightinto how multiple interrelated
factors determine the effectiveness of low- orzero-carbon energy solutions for defined
end users.

For Merit standard, students demonstrate depth by making clear comparative judgements
between different low- and zero-carbon technologies, using technical characteristics and
performance indicators to justify relative suitability. They connect operational principles,
efficiency ranges and environmental conditions to explain why some systems perform
more effectively in specific domestic orlight industrial scenarios. Students interpret
evidence by integrating multiple selection factors, including lifecycle considerations,

user behaviour and demand profiles, to show how these influence decision-making.

Their comparisons are supported by coherent links between system capabilities and
end-userrequirements.

For Pass standard, students present knowledge of low- and zero-carbon technologies

by selectingrelevant examples such as solar photovoltaic systems, heat pumps,

biomass and/or small-scale wind and relating their operating principles to realistic end-user
applications. They demonstrate understanding by linking technologies to domestic or light
industrial contexts, referencing typical outputs, system sizes or performance factors.
Studentsinterpret selection factors by connecting energy demand types, site constraints
such as orientation or space and userrequirements to appropriate technology choices.
Their evidence shows clarity through structured explanations that integrate key concepts
such as carbonintensity, energy conversion and system purpose.
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LearningaimsBand C

For Distinction standard, students produce well-justified evaluations that integrate energy
assessment, system design and implementation considerations to determine overall
effectivenessin meeting energy demand and reducing carbonimpact. They interpret
complex evidence by synthesising demand calculations, building characteristics and
operational constraints to support balanced judgements. Students demonstrate
criticalinsight by assessing how design decisions influence installation feasibility, system
performance and long-term operation, including efficiency and reliability. They justify their
conclusions by clearly connecting data-driven analysis to practical system outcomes,
showing how alternative approaches could affect overall performance. Theirresponses
are coherent and evaluative, demonstrating a high level of technical understanding and the
ability tointegrate multiple factors into a comprehensive judgement of system suitability
fordomestic orlightindustrial applications.

For Merit standard, students develop coherent designresponses that effectively link
assessed energy demand with appropriate system configurations and implementation
considerations. They interpret data by combining calculated demand with building fabric
performance, usage behaviour and environmental conditions to inform consistent design
decisions. Students demonstrate depth by aligning system sizing, component selection
and integration strategies with installation constraints and operational requirements.
They connect commissioning processes with expected system performance, showing
how testing and adjustment ensure alignment between design intent and actual operation.
Theirevidenceislogically structured and demonstrates clearreasoning, with consistent
links between energy assessment outcomes and technical design choices. Students
presentintegrated responses that reflect an understanding of how design, installation
and commissioning stages collectively support effective energy system delivery.

For Pass standard, students demonstrate understanding of system design and energy
needs by describing how energy demand datainforms the selection and configuration of
low- or zero-carbon systems. They interpret building characteristics, occupancy patterns
and energy usage profiles to explain how systems are sized and integrated with existing
services. Students present evidence of installation requirements by outlining key activities
such as site preparation, mechanical and electrical setup, and compliance with safety and
regulatory standards. They show understanding of commissioning by referring to testing,
balancing and documentation processes that ensure systems operate correctly. Students
organise theirwork using clear calculations, tables or charts to represent energy demand,
linking these outputs to appropriate system choices.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1Human Energy Use.

e Unit 6 Mathematics for Energy Technicians.

e Unit 5 Scientific Principles for Energy Systems.

e Unit17 Smart Energy Systems and Building Efficiency.

e Unit18 Low-Carbon Heating Technologies.

e Unit 21 Energy Auditing and Consultancy Practices.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 19



Pearson BTEC International Level 3 Qualificationsin Green Energy -
120 Issue1-July2026 © Pearson Education Limited 2026



Unit 8: Advanced Mathematics for Energy Technicians

Unit 8: Advanced Mathematics for Energy Technicians

Level: 3
Unit type: Pearson Set Assignment

Guided learning hours: 60

Unitin brief

Calculus techniques, matrices, complex numbers and statistical methods are applied to
solve real-world problems in green energy. Students progress from routine calculations
to advanced problem solving and evaluation using accurate mathematical reasoning.

Unitintroduction

This unitis relevant to real-world applications because it equips students with
mathematical tools to solve practical problems in green energy, engineering and
technology. Understanding calculus techniques and theirlink to real-life engineering
problems, matrices, complex numbers and statistical methods enables students to
interpret and model real-life scenarios, from predicting trends to analysing systems.
These skills are critical forinformed decision-making and underpin many modern
innovations and processes.

The unit covers a broad range of mathematical concepts, building in complexity and depth.
You will explore calculus techniques and their applications, followed by matrix operations
and determinants for solving linear systems. Complex numbers are introduced for handling
advanced engineering and physics problems. The unit also addresses statistical measures,
probability distributions and regression techniques, ensuring you can analyse data
effectively. Eachtopic progresses fromroutine operations to non-routine problem solving.

Completing this unit benefits students’ ability to apply mathematical reasoning to
real-world contexts, supports progressioninto STEM-related degrees androlesin energy,
engineering, data analysis and applied sciences, and provides a strong foundation for
lifelonglearning and professional growth.

Learning aims

In this unit you will:

A Examine how calculus can be usedto solve real-world problems

B Examine how matrices and determinants can be usedto solve real-world problems
C Examine how complexnumbers can be usedto solve real-world problems

D Investigate how statistical and probability techniques can be used to solve

energy problems.
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Unit 8: Advanced Mathematics for Energy Technicians

Summary of unit

Key content areas Assessment approach

A Examine how calculus can | Al Differential calculus
beusedtosolvereal-world | A2 Integral calculus

problems A3 Numerical integration

B Examine how matrices and | B1 Matrices
determinants canbe used B2 Determinants
to solve real-world
problems This unitis assessed through
aPearson Set Assignment.

C Examine how complex C1 Complex numbers
numbers canbe usedto
solvereal-world problems

D Investigate how statistical | D1Statisticaltechniques
and probability techniques | p2 Probability distributions
canbeusedto solve energy

ol D3 Statistical investigation
problems
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Examine how calculus can be used to solve real-world problems

AlDifferential calculus
Application of differential techniques to algebraic (polynomial), trigonometric
(sine, cosine), logarithmic and exponential functions for solving real-world problems.
e Standarddifferential calculus methods
o polynomial equations of the forms = 5t — 3t + 4
o trigonometric (sine, cosine) equations of the formy = sin?4x
o logarithmic equations of the form v = 8log.(5x)
o exponential equations of the formy = 2e(**5),

o Differentiation by standardresultse.g.y = ax®, Where% = nax("V,
e Derivatives of algebraic (powers) ax".

e Derivatives of trigonometric (sine, cosine) sinax, cosax.

e Derivatives of logarithmic functions, e.g. log.ax.

e Derivatives of exponential functions, e.g. e?*.

dy vdu | udv
[ ] —_ = — —_—
Productrulee.g. vt doro
d vdu , udv
e Quotientrulee.g. X = _dx
dx v2

e Function of afunction (chainrule) method.
e Second-orderderivatives:

2
o second derivative of algebraic (polynomial) e.g.y = ax”, where% =n(n — Dax™?)

o secondderivative of trigonometric (sine, cosine) functions
o thelocation of stationary values, toinclude turning points, points of inflection.

A2 Integral calculus

e Application of indefinite and definite integration techniques to algebraic (polynomial),
trigonometric and exponential functions, to solve real-world problems.

e Routine functionsintegratedin one step without the need for manipulation,
using standard integral calculus methods toinclude:

o polynomiale.g. [(x? — 3x + 4)dx

o trigonometric (sine, cosine) e.g. [(sin 50 — 3 cos 40)dO
o reciprocale.g. fz

o exponentiale.g.[(e3")dt.
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. . . 1
e Integration of common functions by standardresults e.g. ax", sinax, cosax, e

e Indefiniteintegrals, constant of integration, initial conditions.
e Definiteintegrals - limits and square bracket notation.

A3 Numerical integration

Application of the formulae forirregular areas and volumes for numerical integration
e Trapezoidalrule:
o forcomparison of methodsinterms of complexity and accuracy.
e Mid-ordinaterule:
o Forcomparison of methodsinterms of complexity and accuracy.
e Simpson’srule:

o areaunderacurve determined using Simpson’s rule for comparison with values
obtained using calculus.

e Numericalintegrationusing a spreadsheet.
e Arithmetic calculation of various properties of sections, including:
o cross-sectionalarea
o location of centroid
o neutral axis
o momentofinertia
o sectionmodulus
o radius of gyration.

Learning aim B: Examine how matrices and determinants can be used to solve
real-world problems

B1Matrices
e Definitions:
o matrixtype - element and order (row x column)

o matrixterminology - element, row, column, order (row x column), equality,
zero (null matrix), identity (unit) matrix, transpose, square, leading diagonal, triangular.

¢ Routine operationsinvolve:
o addition, subtraction, multiplication by areal number
o inverse of a(2x2)matrix

o solution of sets of simultaneous equations with two variables using inverse
matrix methods.

¢ Non-routine operationsinvolve:
o multiplication of matrices

o solution of sets of simultaneous equations with two variables using
Gaussian elimination.
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B2 Determinants
e Definitions:
o thedeterminant of a matrix as a useful value that can be computed from the elements
of asquare matrix, denoted by det(A) or |A|

o asingularmatrixis one with the determinant |A| = O.
¢ Routine operationsinvolve:
o thedeterminant of a(2x2) matrix

A= (CCL Z) using |4| =ad - bc

o theinverse of atwo-dimensional matrix

_(a b : 1 _(d —b
A= (C d) using4™" = (_C a )
¢ Non-routine operations involve:

o thedeterminant of a (3 x3) matrix

a b c
A=|d e f|using
g h i

_ (e f\_. (d f d e
|A|_a(h i) b<g i)+c(g h)
o useof Cramer’srule to solve for sets of simultaneous equations with two variables

o real-world applications, e.g. simultaneous linear equations with more than two
variables (electrical circuits, vector arrays, machine cutter paths).

Learning aim C: Examine how complex numbers can be used to solve real-world
problems

C1 Complex numbers
e Definitions:
o algebraic form(Cartesian, rectangular notation): (a +ib)
o realpart,imaginary part,inotation, i-operator, powers of i
o modulus:
la + ib| = Ja? + b2
o argument:
arg(a + ib) = tan™! (Z)
o polarform , _¢;@isusually expressedinradians but may beinanother
angularmeasure
o complexconjugateofy =atibasy* =a ¥ ib.
¢ Routine operationsinvolve:
o placement of complexnumbers onanArgand diagram
o additionand subtractioninrectangularform
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o multiplication by a constant coefficient

o conversion betweenrectangularand polarformsr — p and p - r using trigonometry
and a scientific calculator

o multiplication and division of complex numbersin polar form.
e Non-routine operationsinvolve:
o multiplicationinrectangularform
o divisioninrectangularformusing the complex conjugate
o deMoivre’stheorem: (r £L8)" =r"~Ln6
o real-world applications, e.g. vectors, electrical circuit phasor diagrams,
algebraic form (Cartesian, rectangular notation): (a + ib)
o realpart,imaginary part,inotation, i-operator, powers of i
o modulus: la + ib] = Va? + b2
o argument:

b
arg(a + ib) = tan™?! (—)
a
o polarform ,_¢;isusually expressedinradians, but may be inanotherangularmeasure

o complexconjugate of
y=atibasy" =a+ib.

Learning aim D: Investigate how statistical and probability techniques can be used
to solve energy problems

D1 Statistical techniques
¢ Routine operationsinvolve:
o discrete data, continuous data, ungrouped data, grouped data, rogue values
o presentation of data - barcharts, pie charts, histograms, cumulative frequency
curves
o measures of central tendency (location) - arithmetic mean, median, mode
o measures of dispersion - variance, standard deviation, range and interquartile ranges
o linearrelationship betweenindependent and dependent variables, scatter diagrams,
approximate equation of line of regressiony = mx + c represented graphically.
e Non-routine operationsinvolve:
o equation of linearregressionline y = mx + where

Ni(xiyi)—i(xi)i(yi) _

m= and ¢ =y —mx

N N 2
NZ:x,.2 - (le.]
1 1 .
2% D0
-1

x=-—andy
N Y N
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o correlation coefficientusing Pearson’s correlation

[E(8] Jo]

e Use of spreadsheets and/or scientific calculators to calculate the equation of the line of

regression and the correlation coefficient, e.g. tabulating calculations using trendline
and CORREL functionin a spreadsheet ora standard scientific calculator.

Ty =

e Use of spreadsheets and/or scientific calculators to identify the most appropriate type
of regressionline, e.g. linear, logarithmic, exponential or variable power.

D2 Probability distributions

¢ Routine operationsinvolve:

o normaldistribution - shape and symmetry, skew, tables of cumulative distribution
function, mean, variance

o normaldistribution curve - areas underit relating to integer values of standard
deviation.
D3 Statistical investigation
e Theuse of appropriate mathematical methods to solve the givenreal-world problem.

e Real-world applications, e.g. inspection and quality assurance, calculation of central
tendencies and dispersion, forecasting, reliability estimates for components and
systems, customer behaviour, condition monitoring and product performance.

e Reflectiononthe problem-solving process and solution(s) obtained; refinements
where appropriate.

e Presentation of solution(s) to the given real-world problem.
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Assessment criteria

Learning aim A: Examine how calculus can be used to solve real-world problems

N =

A.P1Demonstrate,

using differential calculus
techniques, the solutions
fortwo given problems.

A.P2 Demonstrate,
usingintegral calculus
techniques, the solution
fortwo given problems.

A.P3 Demonstrate,
using simple numerical
integration techniques,
the solution foragiven
problem.

A.M1Demonstrate,

using advanced differential
calculus, solutions for
eachtype of givenroutine
functionfora given
problem.

A.D1Demonstrate and
validate solutions to given
problems using advanced
differential andintegral
techniques.

Learning aim B: Examine how matrices and determinants can be used to solve

real-world problems

Learning aim C: Examine how complex numbers can be used to solve real-world

problems

Pass

B.P4 Solve given problems
using routine matrices and
determinant operations.

Merit

B.M2 Solve given problems
accurately using routine and
non-routine matrices and
determinant operations.

C.P5 Solve given problems
using routine complex
number operations.

C.M3 Solve given problems
accurately using routine
and non-routine complex
number operations.

Distinction

BC.D2 Evaluate given
energy problems using
non-routine matrix,
determinant and complex
techniques, applying
routine and non-routine
operations accurately.
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Learning aim D: Investigate how statistical and probability techniques can be used

to solve energy problems

Pass

D.P6 Solve an energy
problem using routine
centraltendency,
dispersion and probability
distribution operations.

D.P7 Solve an energy
problemusingroutine linear
regression operations.

Merit

D.M4 Explain own solution
to an energy problem
accurately using routine
and non-routine central
tendency, dispersionand
probability distribution
operations.

D.M5 Explain own solution
to an energy problem
accurately usingroutine
and non-routine regression
operations.

Distinction

D.D3 Evaluate the correct
synthesis and application
of statistics and probability
to solve energy problems
involving accurate routine
and non-routine operations.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for Pearson Set Assignment (PSA)
Pearson sets the assignment for the assessment of this unit.

The PSA will take 4 hours to complete.

The PSA will be marked by centres and verified by Pearson.

The PSA will be valid for the lifetime of this qualification.

Assessing the PSA

You will make assessment decisions forthe PSA using the assessment criteria provided.

The Pearson BTEC International Level 3 Qualifications Supplementary Information
document givesinformation on PSAs. There is also furtherinformation on our website.
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e scientific calculatorand mathematical software: tools like Excel, MATLAB or GeoGebra
forcomputations, graphing and matrix operations

e visualaids andinteractive models: charts, diagrams and digital simulations toillustrate
seguences, series, matrices and statistical concepts

e datasetsandreal-world problem scenarios: authentic examples for applying statistical
analysis, regression and probability.

Essential information for assessment decisions

Learningaim A

For distinction standard, students will demonstrate high levels of skill in applying
differential and integral calculus methods to the solution of given engineering problems,
using mathematical functions. For differential calculus, students will correctly and
efficiently manipulate six complexroutine functions, while forintegral calculus, students will
correctly and efficiently manipulate complex routine functions when producing indefinite
and definite integrals. Alternative solution methods must be used forintegration, where
appropriate, to compare the results and the accuracy of the values. For example, validating
values using the mid-ordinate rule by comparing them to those achieved using calculus.
The evidence will be logically structured and easy to understand by a third party with a
mathematical background, who may or may not be an engineer. For example, students will
use mathematical terminology correctly and use relevant units when working with functions
setin construction contexts. Small and large numerical values will be correctly presentedin
an appropriate format, such as standard form. Students will work to a specified numerical
precision (as determined by the assessor) through the use of appropriate significant figures
ordecimal places.

For merit standard, students will apply the correct skills and methods when producing the
derivatives of functions and determining their gradients. Students will correctly manipulate
sixroutine functions (two polynomial, two trigonometric, one logarithmic and one
exponential). Some functions will be sufficiently complex to enable students to select and
apply the correct method (product, quotient, function of a function and substitution) when
producing first and second derivatives. Students will select and apply the correct methods
when producing the definite and indefinite integrals of functions and determining the
properties of periodic functions. Students will correctly manipulate eight routine functions,
with a further three functions sufficiently complex to enable them to select and apply

the correct methods (substitution and by parts) when producing indefinite and definite
integrals. Numerical integration will have been accurately completed for four definitive
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routine functions, using each of the three techniques given (trapezoidal rule, mid-ordinate
rule and Simpson’srule). Students’ numerical work will be accurate, using an appropriate
degree of precision as specified by the assessor, in significant figures or decimal places,
and willuse relevant units for all functions. Alimited number of arithmetic follow-through
errorsis acceptable fornon-routine functions.

For pass standard, students will apply the correct methods when differentiating at least
six givenroutine mathematical functions. Students will correctly manipulate at least two
polynomial functions, two trigonometric functions, one logarithmic function and one
exponential function. Students will apply the correct methods to integrate at least eight
givenroutine mathematical functions. Students will correctly manipulate at least two
routine functions for each function type (polynomial, trigonometric, reciprocal and
exponential). Atleast one of each type will be an indefinite integral, and one of each type
will be a definite integral. In total, at least eight different routine functions will be solved.
Numerical integration will be completed using each of the three approaches for at least two
routine functions; these can be manipulated using a spreadsheet, provided that formulae
are visible (printed out). There is evidence of simple checks to determine if numerical
answers are reasonable. Students must demonstrate the correct use of amethod when
differentiating and integrating functions, and use the correct units. They must also
demonstrate the correct use of amethod and units when integrating functions by a
numerical method - minor arithmetic and scaling errors are acceptable. There willbe
evidence of simple checks to determine if numerical answers are reasonable.

Learningaims Band C

For distinction standard, students evaluate complex problems involving matrices,
determinants andrelated operations, presenting solutions with technical accuracy and
structured reasoning. Evidence should include critical analysis of methods and accurate
application of advanced techniques. Students demonstrate the ability to apply routine
operations with complex numbers to solve given problems. Evidence should show the
correct use of standard techniques and logical progression. Carry-through errors are
acceptableif they do not compromise the quality of the evaluation or the logical flow

of the solution.

For merit standard, students accurately solve problems using both routine and non-routine
matrix and determinant operations. Work should demonstrate precision, adaptability and
aclearjustification of the chosen methods. Students accurately apply both routine and
non-routine methods to solve problems involving complex numbers. Solutions should
reflect precision, adaptability and clear explanation of processes. Carry-through errors

are acceptable if they do not obscure the student’s ability to apply appropriate techniques
effectively.

For pass standard, show competence in performing routine operations with matrices and
determinants to solve given problems. Evidence should reflect the correct application of
standard techniques and logical sequencing of steps. Carry-through errors are acceptable
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provided the initial method and reasoning are sound. Students demonstrate the ability to
apply routine operations with complex numbers to solve given problems. Evidence should
show the correct use of standard techniques andlogical progression. Students will include
evidence of simple checks to determine if numerical answers are appropriate.

LearningaimD

For distinction standard, students critically evaluate the synthesis and application of
statistical and probability methods in solving energy problems, using technically correct
language and logical structure. Students must solve complex problems by applying both
routine and advanced statistical methods to large, reliable datasets. After ensuring the data
is sufficient for analysis, students will propose and test theoretical relationships between
variables using regression. Finally, students will use analytical and graphical tools to
calculate these connections and reflect on the accuracy of theirlinearand non-linear
predictions. Evidence should demonstrate the accurate application of advanced
techniques and provide a clearjustification for the chosen strategies. Carry-through

errors are acceptableif they do not detract from the quality of the evaluation.

For merit standard, students accurately apply both routine and non-routine statistical
andregression methods to solve problems, providing clear explanations of processes.
Evidence should reflect precision, adaptability and structured reasoning. They will apply
appropriate routine and non-routine operations (skills and methods) required to process
statistical data accurately. For example, they will tabulate data, produce clear graphical
presentations and calculate mean and standard deviation values to compare measured
results with historical data. They will also produce an accurately annotated scatter diagram,
including chart and axis titles, units and gridlines, and calculate both the line of regression
and correlation coefficient foralinearrelationship, as well as aregressionline fora
non-linearrelationship. Carry-through errors are acceptable if they do not obscure

the student’s ability to apply appropriate techniques effectively.

For pass standard, solutions may not be complete and there may be some inaccuracies
oromissions, but there is evidence of proficiency inthe method. Students apply the
appropriate routine operations (skills and methods) required to process statistical data.
Students will tabulate measurements and create scatter diagrams to estimate regression
lines graphically. While the chosen statistical methods may not be optimal, they must be
applied correctly and presented logically. Minor omissions, such as missing units on axes
or carry-through errors from anincorrect mean, are acceptable as long as the subsequent
steps remain mathematically consistent. There will be an appreciation of the need to use
correctunits and evidence of simple checks to determine if numerical answers are
appropriate.

Links to other units
The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills covered in most units.
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Unit 9: Technical and Graphical Drawing for Energy
Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students develop knowledge and apply practical skills to produce technical and graphical
information for energy-system applications using both manual drawing and computer-
aided design (CAD) methods.

Unitintroduction

Energy projectsrely on clear, accurate drawings to communicate ideas safely and
effectively. Inreal-world energy and engineering environments, technicians, installers and
engineers must be able toread and produce drawings that show layouts, components and
connections without ambiguity.

The unitintroduces you to the fundamental skills needed to interpret and produce technical
drawings using recognised conventions and standards, and it may lean more towards
professional competency. Contentincludes orthographic and pictorial drawings,
schematics and simple layouts, along with accurate dimensioning, symbols and
annotations. You will also develop the basic CAD skills necessary to produce 2D

and 3D drawings, enabling you to create drawings and models of energy systems.

This unit supports progression by providing fundamental drawing skills that underpin
later technical and design-related learning, including system integration and installation
planning. It also enhances employability, as CAD and technical drawing skills are widely
valued acrossrolesin energy, engineering, construction and environmental technology.

Learning aims
In this unit you will:

A Know technical drawing standards, conventions and symbols usedin energy-system
applications

B Beableto produce simple 2D CAD drawings using standard conventions for
energy-related components and layouts

C Beabletocreate basic 3D CAD models and simple assembliesrelevant to
energy-system components.
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Summary of unit

Key content areas Assessment approach

A Know technical drawing
standards, conventions and
symbolsusedinenergy-
system applications

Al1Purpose and types of
technical drawings

A2 Drawing standards
and presentation

A3 Common conventions
and notationusedin
energy-related drawings

B Be able to produce simple
2D CAD drawings using
standard conventions
forenergy-related
components and layouts

B1 CAD set-up and workflow
essentials

B2 Creating and editing
2D geometry efficiently

B3 Producing 2D drawings
forenergy-system subjects

B4 Checking, quality
assurance and
communicatingintent

Interpretation of drawings
and application of
conventions to produce
accurate 2D CAD layouts,
reviewing work for clarity,
completeness and
consistency.

CBe abletocreate basic
3D CAD models and simple
assembliesrelevant to
energy-system
components

C1Principles of
3D modelling

C2 Modelling components
relevant to energy
applications

C3 Simple assemblies and
output generation

Creation of 3D models and
assemblies, generating
drawing outputs and
reviewing design choices.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Know technical drawing standards, conventions and symbols

AlPurpose and types of technical drawings

e Purposes: communication, manufacture, installation planning, maintenance
documentation.

e Typesof drawings usedinenergy contexts:
o keyorthographic projections and auxiliary views
o isometric/pictorial drawings
o schematic diagrams (electrical and fluid)
o simplelayout drawings (e.g. plantroom arrangement, equipment placement).

A2 Drawing standards and presentation
e Layoutand legibility:
o sheetsizesandborders
o linetypesandline weights (visible, hidden, centre, section)
o scalinganduse of viewports (where appropriate).
e Title blocks and drawinginformation:
o drawingtitle, drawing number, scale, author, date
o revisiontablesandchange notes.
e Dimensioning and tolerancing:
o linearandangulardimensions
o overview of datum and baseline dimensioning
o basictolerances and fits.
e Global standards for graphical representation of objectsin technical drawings
e.g.BSENISO 128 series, ASME Y14 series.
A3 Common conventions and notation used in energy-related drawings
e Standard conventions:
o sectionviews and hatching, key materials indication
o symbolsforsurface finish and notes/annotations.
e Useof symbolsand schematic language:
o electrical symbolsused onlayouts (e.g.isolators, protective devices, connections)
o fluidsymbols(e.g. pipes, valves, pumps, heat exchangers)
o mechanical symbols (e.g. bearings, shafts, fasteners).
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e |Interpreting drawings safely:

o identifying hazardsimplied by drawings (hot surfaces, highvoltage, pressurised lines)
as annotation awareness only.

Learning aim B: Be able to produce 2D CAD drawings for energy applications

B1 CAD set-up and workflow essentials
e CAD environment:

o units, templates, layers, line types/weights

o snhaps, grids, object properties

o blocks/componentsand libraries (symbolre-use).
e Filediscipline:

o nhaming conventions, folder control, versioning, exporting PDFs/DWGs (overview).
B2 Creating and editing 2D geometry efficiently
e Drawingtools:line, polyline, circle, arc, rectangle, trim/extend, offset, fillet/chamfer.
e Accurate construction methods:

o constraints, reference geometry and constructionlines

o usinglayersto separate services (e.g. electrical versus mechanical versus plumbing).
e Annotation:

o dimensions, leaders, notes, legends, title blocks

o consistenttext stylesand scaling forreadability.

B3 Producing 2D drawings for energy-system subjects

Students produce drawings from given briefs, such as:

e Asimple plantroomlayout (equipment footprints, access clearances, pipe routes shown
diagrammatically).

e Asingle-line schematic (e.g. simplified electrical layout diagram using standard
symbols).

e Apiping schematic forabasicloop (pump-valve-heat exchanger).
¢ A mounting/layout drawing (e.g. roof array outline or equipment pad layout), focusing on
geometry, dimensions and annotation - not energy yield or system performance.
B4 Checking, quality assurance and communicating intent
e Checkingfor:
o completeness (views, dimensions, notes)
o consistency (units, scale, line weights)
o clashes(overlaps, unreadable annotation, missing access zones).
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e Producingasimple drawing pack:
o generalarrangement + schematic + detail (as appropriate)
o ‘fitnessforpurpose’ review against the brief (professional habit).

Learning aim C: Be able to produce 3D CAD modelling and assemblies

C1Principles of 3D modelling

e Coordinate planes and sketching.

e Constraints and dimensionsin sketches.

e Features: extrude, revolve, cut, fillet, chamfer, pattern.

C2 Modelling components relevant to energy applications

Modelling components such as:
e Abracketormountingplate.
e Asimple ductorpipe sectionwith flanges.
e Apump housing envelope (simplified geometry).
e Asensorenclosure orterminal box (simplified).
Note: components are simplified to maintain focus on CAD skills, not detailed
product design.
C3 Simple assemblies and output generation
e Creatingsimple assemblies:
o mating constraints/relationships
o role of explodedview.
e Producingoutputs:
o generating 2D views froma 3D model
o addingdimensions/notes and a title block.
e Exportformatsand communication:
o basicrendering/visualisation for stakeholders.
¢ Overview of export for manufacture/installation documentation.
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Assessment criteria

Learning aim A: Know technical drawing standards, conventions and symbols

Learning aim B: Be able to produce 2D CAD drawings for energy applications

N

A.Plinterpret technical
drawings forenergy-related
applications by correctly
identifying drawing views,
scale, line types and key
informationin title blocks
and notes.

A.P2 Use appropriate
drawing conventions and
symbols to produce aclear
schematic orlayout drawing
foragiven energy-system
subject. [EL-MOL]

A.M1Justify how drawing
standards, annotation and
revision control have
contributed to clarity,
safety and communication
in energy documentation.

B.P3 Demonstrate accurate
2D CAD drawing using
appropriate CAD set-up
(units, layers, lineweights)
and appropriate geometric
tools.

B.P4 Apply dimensions,
annotations, symbols and
atitleblocktocreatea
complete 2D drawing
suitable for communication
of an energy-related layout
or schematic.

B.M2 Explain and apply
checking methods to
confirma 2D CAD drawing
meets a given brief,
including completeness,
readability, consistency.

AB.D1Evaluate completed
schematic orlayout
drawings for consistency,
accuracy of annotation,
and effective symbol use,
justifying decisions on
presentation and checking
processes.
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Learning aim C: Be able to produce 3D CAD modelling and assemblies

Pass

C.P5Use appropriate
3D CAD model sketch
constraints and features
of acomponent relevant
to an energy application.

C.Pé6 Createasimple

3D assembly and generate
aclear 2D drawing output
thatincludes key
dimensions, annotations
and notesfor
communication.

Merit

C.M3 Explain how 3D
models and associated

2D drawing output support
communication, reduce
errors and improve
coordinationin energy
engineering tasks.

Distinction

C.D2 Evaluate how
alternative CAD modelling
and drawing-output
choices (view selection,
layer strategy, annotation
approach)influence clarity,
buildability and error
reductionforanenergy-
related component or
layout, justifying revision
changes made.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOLV IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of 2 summative assignments for this unit.
The relationship of the learning aims and criteriais:

Learningaims: Aand B (A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D1)
Learning aim: C(C.P5,C.P6,C.M3,C.D2)
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Furtherinformation for teachers and assessors

Resource requirements

e appropriate 2D and 3D CAD software
e basic manual drawing equipment for sketching andinterpreting technical information.

Essential information for assessment decisions

Learningaims Aand B

For distinction standard, students demonstrate evaluative judgement across both
knowledge and application. The student critiques completed drawings by comparing
alternative presentation, symbol orannotation approaches and selecting those that

best suit the energy-system context. Drawings are consistent, accurate and clearly

fit for purpose, with revision decisions explicitly justified through discussion of clarity,
coordination and usability. Checking activity is systematic rather than corrective,
showing anticipation of issues such as clashes, misinterpretation or missing information.
The student’s evaluation shows a strong understanding of how drawing standards operate
inreal technical environments and how professional drafting habits contribute to efficient
installation, maintenance and communication. Overall, the content supports confident,
reflective technical practice rather than following rules alone.

For merit standard, students demonstrate use of technical drawing knowledge with
greater control and justification. Work explains how conventions, annotation methods

and presentation choices support clarity, coordination and safe interpretation within
energy-system contexts. 2D CAD drawings are well organised and consistently presented,
with considered layer use, line weights and annotation styles that improve readability.

The student demonstrates purposeful checking, identifying why revisions were needed
and how these improved completeness, alignment with the brief orcommunicationintent.
Decisions are explained using correct technical language, showing understanding rather
than procedural repetition. The content shows that the student can not only produce
drawings correctly but can also explain how standards and checking practices reduce
ambiguity and professional risk.

For pass standard, students recognise and apply foundational technical drawing
knowledge in a practical context. Work demonstrates an understanding of the purposes

of different drawing types, and uses recognised conventions, symbols and layout features
accurately, evenif explanations are brief. 2D CAD drawings are complete and readable,
showing correct set-up decisions such as units, layers and line types, alongside appropriate
geometry and annotation. Drawings follow the given brief and clearly communicate layout
or schematic information, with dimensions, notes and title block information present.
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Checking activity is evident through basic corrections orimprovements, showing the
student canidentify obvious omissions orinconsistencies. Overall, the content reflects
reliable technician-level competence and accurate use of established drawing practices
suitable for clear communication.

Learningaim C

For distinction standard, students show evaluative decision-making in both modelling

and drawing output. The student compares alternative modelling strategies, view
selections orannotation approaches and explains how changes improve clarity, buildability
orerrorreduction. Revisions are justified using the intended use of the drawing, such as
installation, checking or coordination. Assemblies and outputs demonstrate professional
judgement rather than minimum compliance, with modelling decisions clearly aligned to
communication outcomes. The content reflects a mature understanding of how

CAD choices influence real-world technical processes and demonstrates reflective,
improvement-led practice consistent with advanced technician expectations.

For merit standard, students explain how 3D modelling and drawing outputs support
understanding and reduce errors in energy-engineering tasks. Modelling choices are
purposeful, with sketch constraints and features applied in a way that supports consistency
and modification. Assemblies are organised logically, and 2D outputs are selected to show
critical information clearly. The student explains how views, dimensions or annotations
would supportinstallers, technicians or other stakeholders. The content reflects growing
awareness of coordination and communication needs beyond the CAD environment,
showing how modelling supports safe and efficient technical work.

For pass standard, students produce basic but accurate 3D CAD componentsrelevant to
energy applications. Models use appropriate sketch constraints and standard modelling
features to create recognisable forms without unnecessary complexity. A simple assembly
is produced that demonstrates correct spatial relationships between components.
Generated 2D drawing outputs are clear and include essential dimensions, annotations and
notes to communicate shape, size and function. Work shows that the student understands
how 3D models translate into usable drawings, even if the reasoningis concise. The content
demonstrates secure foundational modelling skills and the ability to generate outputs
suitable forbasic communication and coordination tasks.
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Unit10: The Hydrogen Energy Economy

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore hydrogen as an energy carrier, covering production pathways,
quality requirements, storage, transport and distribution constraints.

Unitintroduction

This unitis strongly linked to real-world developments, as hydrogen plays anincreasing role
inlow-carbon energy systems, transport and industrial decarbonisation. Students need to
understand hydrogenbecause itis beingusedto address ‘hard to electrify’ sectors and
presents unique challengesin production, storage, safety and infrastructure that differ
from otherenergy carriers. Significant amounts of stored hydrogen are also increasingly
expected to formvital parts of the electricity supply grid for any nation relying extensively
onrenewable sources of electricity generation.

The unit provides specialist coverage of hydrogen as an energy carrierrather than a primary
energy source. Students will explore hydrogen properties and production routes such as
electrolysis and reforming. This unit will also discuss in depth the storage and transport
options, as well as the operation of hydrogen fuel cells. The unit also addresses
infrastructure requirements, efficiency losses and hydrogen safety, including hazards,
materials compatibility and risk control.

This unit supports progression by preparing students for further study in hydrogen
technologies, energy engineering and emerging clean energy systems. It also builds
industry-relevant knowledge valued in sectors such as transport, power generation,
process engineering and energy infrastructure development.

Learning aims

In this unit you will:

A Know production pathways and hydrogen quality
B Know hydrogen storage, transport and distribution

C Understand hydrogen applications, including fuel cells and hydrogen internal
combustion engines (H2ICE)

D Understand hydrogen health and safety, infrastructure and operational requirements.
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Summary of unit

Key content areas Assessment approach

A Know production
pathways and
hydrogen quality

AlHydrogen as anenergy
carrier

A2 Production methods
(process and constraints)
A3 Hydrogen ‘colours’ as
technical descriptors

A4 Hydrogen quality, purity
and end-use requirements

B Know hydrogen storage,
transport and distribution

B1 Compressed hydrogen
gaseous storage

B2 Liquid hydrogen
cryogenic storage

B3 Overview of solid-state
and chemical carrier options

B4 Distribution pathways
andinfrastructure
compatibility

Assessment uses structured
descriptions, explanations
and comparisons,
supported by diagrams

and data, to evidence
understanding of solar
energy conversion
principles.

C Understand hydrogen
applications, including fuel
cellsand hydrogeninternal
combustion engines (H2ICE)

C1Fuel cellfundamentals
(principles and outputs)
C2Fuelcelltypesand
operating characteristics
C3 Fuel cellbalance of plant
(BoP) equipment and
systemintegration

C4 Hydrogeninternal
combustion engines (H2ICE)
C5 Applicationfitand
limitations

Assessment covers
componentidentification,
configuration analysis and
operational reasoning
through scenario-based
tasks, diagrams and data
interpretation of system
integration and
performance influences
inrealistic applied
contexts settings.
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Learning aim

D Understand hydrogen
health and safety,
infrastructure and
operational requirements

Unit10: The Hydrogen Energy Economy

Key content areas

D1Hydrogen hazards and
risk characteristics

D2 Detection, ventilation
and safe system design
features

D3 Materials, embrittlement
and compatibility during
operation

D4 Infrastructure
requirements and
deployment constraints

Assessment approach
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Know production pathways and hydrogen quality

AlHydrogen as an energy carrier

e Energy carrier definition (human-made substance/fuel or physical system that contains
energy that can be converted to otherforms, such as mechanical and heat).

e Hydrogenas asecondary energy carrier (requires production from primary energy).
e Key physical/chemical properties influencing systems:
o lowvolumetric energy density (drives compression/liquefaction decisions)
o wide flammability range and low ignition energy (drives safety case)
o leakage anddiffusion behaviour, buoyancy (drives detection/ventilation choices).
e Practical energy metrics:
o calorific value (CV), higher heating value (HHV) versus lower heating value (LHV)
(why watervapour matters forreported efficiency).
A2 Production methods (process and constraints)
e Electrolysis (green hydrogen pathway focus):

o basic principle; inputs/outputs; water quality requirements; renewable energy
sources, including suitability of wind, solarand hydropower electricity for
electrolysis, including baseload and co-located generation models

o efficiencylossesacross electricity to hydrogen conversion
o operational considerations: intermittency, stack performance degradation.
e Steammethanereforming (SMR):

o SMRoverview andwhy COzis produced, including desulphurisation,
coking, catalysts and catalyst poisoning

o SMRand carbon capture and storage (CCS) concept.
e Emerging/alternative routes:

o biomass-derived hydrogen

o pyrolysisand othernovel approaches.

A3 Hydrogen 'colours' as technical descriptors

e Grey, blue and green described interms of their primary energy feedstock,
processing, CO2 handling and their typical constraints:

o energy efficiency penalties
o dependency onenergy source
o relevance of CO2 capture availability for blue routes.
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A4 Hydrogen quality, purity and end-use requirements
e Why purity matters:

o fuelcell catalyst sensitivity

o watervapour, CO/CO2contaminationissues.

e Matching production and purification requirements to end use (transport,
industry, grid services).

Learning aim B: Know hydrogen storage, transport and distribution

B1 Compressed hydrogen gaseous storage
e Compressionrationale and typical pressure categories.
e Storagevessel considerations:
o materials and embrittlement awareness
o temperaturerise during compression (safety/operations).
e Energy penalty concept: compression requires energy input.
B2 Liquid hydrogen cryogenic storage
e Whyliquefactionisused (density improvement) and key challenges:
o verylowtemperatures and boil-off management
o insulationandventing requirements.
e Logistics suitability: bulk transport versus on-site generation trade-offs.

B3 Overview of solid-state and chemical carrier options
e Metal hydrides and adsorption (benefits/limits).

e Chemicalcarriers, e.g. ammonia/liquid organic hydrogen carriers (LOHC),
inthe context of storage/transport strategies.

e Selectionlogicfocusedon:
o safety profile, handling complexity, release/conversion needs.

B4 Distribution pathways and infrastructure compatibility
e Overview of pipeline versus road transport versus shipping.
e Materials compatibility and embrittlement considerations.
e Overview of refuelling and dispensing constraints:

o compressionstages, pre-cooling.
e Interfaces with existing systems:

o blendingingasnetworks (issues: safety, appliance compatibility -
doesnotinclude policy debate).
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Learning aim C: Understand hydrogen applications, including fuel cells and
hydrogen internal combustion engines (H2ICE) [EL - MOL]

C1Fuel cell fundamentals (principles and outputs)

e Fuelcellpurpose: chemicalto electrical conversion without combustion, waste heat,
combined heat and power (CHP).

e Corecomponentsandroles:
o anode/cathode/electrolyte; flow fields; fuel cell stack.
¢ Reactionconcept:
o hydrogen oxidation and oxygenreduction; water/heat by-products.

C2Fuel cell types and operating characteristics
e Protonexchange membrane (PEM)fuel cells:
o typicaluse cases (transport, rapid response, micro-generation, small building CHP)
o sensitivity to impurities.
e Solid oxide fuel cell (SOFC):
o high-temperature operation and typical stationaryroles.
e Phosphoric acid fuel cells (PAFC).
e Electrical power and durability.
e Selectionbasedon:
o operatingtemperature, startup time, durability, system complexity, CHP electricity
and heating baseload.
C3 Fuel cell balance of plant (BoP) and system integration
e Why fuel cells need supporting systems:
o airsupply
o humidification/thermal management
o powerelectronics (inverter) efficiency and losses at system level.

C4 Hydrogen internal combustion engines (H2ICE)

e Hydrogen-basedinternal combustion engines (H2ICE):
o basic principles, comparison with fuel cells (advantages and disadvantages)
o currentapplications, including case studies (e.g. JCB, Toyota, Yamaha, Cummins)
o infrastructure requirements.

C5 Application fit and limitations
e Transport applications(cars/buses/trains).

e Stationary applications (backup electrical power source, distributed generation,
combined heat and powerin domestic and commercial buildings, specialised safety
systems including storage standards and maintenance procedures).

e Industrialuses (process heat/feedstock).
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¢ Renewables-dominated domestic electricity supply and heating, grid backup.
e Comparing hydrogenversus battery solutions:

o range/energy density versus efficiency/infrastructure

o refertofuelcellsandH2ICE.

Learning aim D: Understand hydrogen health and safety, infrastructure and
operational requirements

D1Hydrogen hazards and risk characteristics
e Keyhazard properties:

o flammability, ignition, invisibility of flame, odourless, colourless

o leakbehaviourandaccumulationrisk, buoyancyin air (enclosures, roof spaces).
e Hazardidentificationand control principles:

o elimination/substitution (where relevant), engineering controls, administrative
controls, PPE (hierarchy of control overview)

o generation of nitrogen oxides.

D2 Detection, ventilation and safe system design features
e |eakdetectionconcepts:
o sensorplacementlogic.
e Ventilationand dispersion principles.
e Electrical areaclassification awareness.
e Isolation, purging, vent stacks and emergency shutdown logic.

D3 Materials, embrittlement and compatibility during operation
e What embrittlementis and why it matters for:

o pipelines, valves, storage vessels.
¢ Compatibility considerations (seals, fittings, permeation).

D4 Infrastructure requirements and deployment constraints
e End-to-endinfrastructure map:
o production - storage > transport > dispensing/use.
e Key constraints:
o energy penalty of compression/liquefaction
o sitingand safety caserequirements
o competence and maintenance planning overview.
e Standards and compliance awareness:
o purpose of codes and standards.

e Co-locatedenergy systems and distributed hydrogen production, including
hydropower-electrolysisintegration (e.g. dam-based or pumped storage systems),
offshore, onshore and hybrid configurations.
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Assessment criteria

Learning aim A: Know production pathways and hydrogen quality

Learning aim B: Know hydrogen storage, transport and distribution

N

A.P1Describe hydrogen
production methods
(electrolysis and SMR),
outlining key inputs/outputs
and practical constraints.
A.P2 Describe why
hydrogen quality/purity
requirements differ by

end use and outline typical
implications for processing
and system selection.

A.M1Explainhow
productionroute choices
influence efficiency losses,
purity needs and suitability
fordifferent applications.

B.P3 Describe options
forhydrogen storage and
transport (compressed gas,
liquid hydrogen and one
alternative carrier/
solid-state concept).

B.P4 Outline key
constraints for hydrogen
distribution (energy penalty,
materials compatibility,
logistics and safety
requirements).

B.M2 Explain, fora

given scenario, why one
storage/transport optionis
more suitable than another
using technical trade-offs
and constraints.

A.D1Analyse ahydrogen
deployment scenario by
selecting andjustifying
an end-to-end pathway
(productionand
storage/transport,

plus end use), using
technical constraints
(efficiency losses, purity,
logistics and safety) and
clearly stated assumptions.
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Learning aim C: Understand hydrogen applications, including fuel cells and
hydrogen internal combustion engines (H2ICE)

Learning aim D: Understand hydrogen health and safety, infrastructure and

operational requirements

e e fEes

C.P5Describehowa
hydrogen fuel cell produces
electrical energy, the main
components and outputs.

C.Pé6 Explaintwo fuel
celltypes, linkingthemto
appropriate applications.

C.P7 Describe how
hydrogen-based internal
combustion engines work
(H2ICE), their applicationsin
sectorsincluding transport.

C.M3 Explain how fuel cell
characteristics and balance-
of-plant (BoP) requirements
influence application fitand
system performance
limitations.

C.M4 Compare and
contrast benefitsand
drawbacks of different
hydrogen-utilising
technologies.

D.P8 Describe key
hydrogen hazards and
identify appropriate risk
controls using the hierarchy
of control.

D.P9 Explaininfrastructure
requirements fora
hydrogen pathway from
productionto enduse,
including operational
safety features (detection,
ventilation, isolation).

D.M5 Explain how safety,
materials compatibility and
operational constraints
influence hydrogen
infrastructure choices

and uses.

CD.D2Evaluate therisk
profile and operational
practicality of the chosen
hydrogen pathway,
proposingjustified risk
controls andinfrastructure
measures.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026

155



Unit10: The Hydrogen Energy Economy

Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL* IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e LearningaimsAandB(A.P1,A.P2,B.P3,B.P4,AM1,B.M2,AB.D]).
e Learningaims CandD (C.P5,C.P6,C.P7,D.P8,D.P9,C.M3,C.M4,D.M5,CD.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Hydrogen system demonstration equipment, such as a small PEM fuel cell kit with load,
enabling safe visualisation of energy conversion and outputs.

e Storage anddistribution models, including cut-away or schematic representations of
compressed gas cylinders, cryogenic tanks and pipeline systems.

e Safetyand monitoring equipment, for example, portable hydrogen gas detectors and
ventilation/dispersion demonstration apparatus for hazard awareness.

Essential information for assessment decisions

Learningaims Aand B

For Distinction standard, students take anintegrated, end-to-end view of a hydrogen
pathway. Work demonstrates the ability to select and defend a coherent combination

of production, storage or transport, and end use within a defined scenario. Assumptions
are clearly stated, and technical constraints such as efficiency losses, purity sensitivity,
infrastructure limits and safety considerations are used to support decisions. Students
weigh alternatives and justify why one approach offers greater overall practicality or
suitability. Evidence may take the form of a short technical report that synthesises multiple
content areasratherthan addressingtheminisolation. Achievementis characterised by
structured analysis, consistent technical logic and confident evaluation showing how
system choices interact across the whole hydrogen pathway.

For Merit standard, students make meaningful connections between production choices,
hydrogen quality and storage or transport decisions. Work demonstrates clearreasoning
about how efficiency losses, purity requirements, and practical constraintsinfluence
technology selection. Students typically explain why certain pathways are preferable

in specific contexts, using qualitative comparisons rather than simple lists. Evidence

may include annotated diagrams, short calculations or structured explanations that link
hydrogen properties to system behaviour. Storage and distribution options are compared
using trade-offs such as energy penalty, logistics or compatibility. Students show
understanding of how decisions made at the production stage affect later stagesin the
pathway. Achievement at this level is characterised by coherent explanation, technical
reasoning and application of knowledge to realistic scenarios.

For Pass standard, students can present clear, technically correct descriptions of
hydrogen production routes and storage or transport options. Work demonstrates
awareness of key processes, inputs and outputs and recognises that different approaches
have practical constraints. Students may explain concepts such as electrolysis, reforming,
compression orliquefactionin a straightforward way, supported by simple diagrams or
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structured notes. Evidence usually references hydrogen properties such as density or
flammability but does not deeply explore implications. Storage and distribution options
are outlined separately, with limited comparison. Students show an understanding that
hydrogen quality varies by end use, though links between purity and applications may
remain general. Overall, achievement at this level is characterised by accurate recall and
logical organisation of core technical knowledge, without extended justification or
scenario-basedreasoning.

Learningaims Cand D

For Distinction standard, students evaluate the overall practicality andrisk profile of a
chosen hydrogen application within a defined context. Work demonstrates how safety
characteristics, infrastructure requirements and operational constraints influence feasibility
and long-termreliability. Students justify control measures and design choices using hazard
behaviour, materials compatibility and system integration considerations. Alternatives may
be weighed to show why one configuration offers improved manageability or reduced risk.
Evidence typically integrates application choice, safety strategy and infrastructure
planninginto a single coherent explanation. Achievement is characterised by balanced
evaluation, technically grounded judgement and clearjustification that avoids policy
argument and focuses on operational and engineering constraints.

For Merit standard, studentslink application choices to system characteristics, safety
requirements and operational constraints. Work explains how features such as operating
temperature, balance-of-plant (BoP) requirements orimpurity sensitivity influence where
hydrogen technologies can be used effectively. Students compare different application
options, identifying benefits and limitations using technical reasoning. Safety evidence
moves beyond listing hazards to explaining how materials choice, ventilation, detection and
operational procedures shape infrastructure design. Students demonstrate understanding
that safety and performance considerations are interconnected. Achievement at this level
is marked by reasoned explanation, comparative discussion and clear links between
technology behaviour, risk management and practical deployment.

For Pass standard, students demonstrate understanding of how hydrogenis usedin
energy applications and recognise the main safety and infrastructure considerations.
Work typically explains how fuel cells generate electrical output and identifies key
components and by-products. Students describe at least one additional hydrogen
application, such as combustion engines, without extended comparison. Safety evidence
demonstrates awareness of common hazards, basic detection methods, and the purpose
of control measures. Infrastructure understanding is shown by outlining the main stages
from productionto use. Achievement at thislevelis characterised by clear, factual
explanations that show understanding of processes andrisks, but with limited evaluation
of suitability, systeminteraction or operational complexity.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

Unit 1: Human Energy Use.

Unit 6: Mathematics for Energy Technicians.

Unit 5: Scientific Principles for Energy Systems.
Unit 13: Hydroelectric and Marine Energy Systems.
Unit 18: Low-Carbon Heating Technologies.

Unit 21: Energy Auditing and Consultancy Practices.
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Unit 11: Renewable Energy Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore renewable technologies, resource suitability, grid integration and market
influences to understand how energy systems are selected, combined and operatedin
real-world contexts.

Unitintroduction

This unitisrelevant to the real world because renewable energy systems now underpin
national energy strategies, infrastructure investment and decarbonisation goals.
Understanding how renewable options are selected, integrated and managed helps
students make sense of everyday energy issues such as grid reliability, energy costs and
environmental impact. The unit equips students with practical insightinto how energy
decisions are made in professional settings, building confidence in applying technical
knowledge torealistic energy challenges.

The content covers abroad range of renewable technologies and resource considerations,
alongside electricity system operations, grid integration challenges and market influences.
Students will explore comparative evaluation, system trade-offs, variability management
and lifecycle thinking, while also addressing health, safety and environmental principles
across project stages. Depthis achieved through linking technology choice to context,
system constraints and project viability rather than isolated components.

Completion of the unit supports progression to further study in energy, engineering or
sustainability and provides a strong foundation for employment in renewable energy,
utilities, infrastructure planning andrelated technical or advisory roles.

Learning aims

In this unit you will:

A Understand comparative evaluation of renewable energy options
B Understand energy grid integration and market drivers

C Know health, safety and environmental principles for renewable projects.
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Summary of unit

Key content areas Assessment approach

A Understand comparative
evaluation of renewable
energy options

Al Energy stagesand
systems

A2 Renewableresources
and ‘fit to context’

A3 Domestic andindustrial
examples of energy
technology and how
technologies canbe
connected

A4 Comparative criteria
and trade-offs

A5 Decision contexts

B Understand energy grid
integration and market
drivers

B1Electricity system
overview

B2 Integration challenges
specific tovariable
renewables

B3 System-level trade-offs

B4 Market drivers and
project viability

Scenario-based
investigation requiring
studentsto compare
renewable technologies
and explain grid integration
challenges andjustified
decision-making.

C Know health, safety and
environmental principles
forrenewable projects

C1Common hazards and
safe systems of work

C2Environmental
management principles

C3 Responsible end-of-life
and circularity

ldentify hazards, explain
controls and evaluate
environmentalimpacts
across arenewable project
lifecycle.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand comparative evaluation of renewable energy options
[SP - CT]
AlEnergy stages and systems
e Differencesbetween primary, delivered and useful energy stages.
e Whatisanenergy source,andwhatis an energy system?
e Renewable energy systems across full lifecycle stages (resource extraction,
manufacturing, installation, operation, maintenance and end-of-life).
A2 Renewable resources and ‘fit to context’
e What makes an energy source renewable? Key distinctions from non-renewables.
e Resource characteristics that affect suitability:
o Vvariability and predictability (e.g. wind, solar, tidal, river flow, geothermal)
o geographic constraints, site dependence and microclimate
o dispatchability and flexibility at overview level.
A3 Domestic and industrial examples of energy technology and how technologies
can be connected
Use of ‘whatitis/where it fits’ profiles for:
¢ Wind(onshore, offshore, stand-alone, building-integrated).
e Solar(PV, solarthermal, concentrated solar power).
e Hydroelectric and marine energy (wave, tidal).
e Bioenergyroutes (biomass, biogas, biofuels).
e Geothermal, as a contextual comparison.

A4 Comparative criteria and trade-offs

Using a consistent comparison framework:

e Energyoutput characteristics:
o capacity factorandintermittency
o matching generation profiles to demand patterns
o energy storage, introduced qualitatively.

e Constraints andimpacts:

o land/seause, visual/noise considerations, biodiversity sensitivities,
environmentalimpacts

o resource and materials considerations.

o environmental and energy impacts using lifecycle approaches (e.g. energy payback
time, lifecycle emissions).
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e Lifecycle thinking:

o manufacture, installation, operation, decommissioning and recycling.
A5 Decision contexts
e Selecting options for different contexts:

o urbanversusrural, coastal versusinland, remote/off-grid versus on-grid
versus hybrid.

e Recognisinguncertainty and assumptionsin comparisons.
e Localregulations and standards.

Learning aim B: Understand energy grid integration and market drivers

B1Electricity system overview
e Core functions: generation, transmission, distribution, demand.
e Why grids must balance supply and demand continuously.
e Constraints that mattertorenewables integration:
o network capacity and connection limitations
o curtailment as asystem outcome
o powerquality and stability concepts, introduced qualitatively.

B2 Integration challenges specific to variable renewables
e Balancing and flexibility needs:
o forecasting, dispatch planning
o reserve andflexibility services.
e Systemstability atanaccessible level:
o frequency stability (grid level), inertia concepts
o voltage stability (local level)
o role of powerelectronics.
e Managing variability through system solutions:
o demandresponse

o energy storage types as categories (battery, pumped hydro, thermal,
hydrogen as ‘energy carrier’)

o interconnection and geographic diversity.

B3 System-level trade-offs

e Trade-offsacross whole-system objectives:
o costversusreliability versus environmentalimpact
o centralisedversus distributed generation
o resilience considerations.
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e Avoiding ‘technology drift’:
o causes of ‘technology drift’ inrenewable energy integration
o integrationlogic versus component detailinrenewable energy integration.

B4 Market drivers and project viability
e Whatdrivesinvestment and deployment:
o capital costandfinancingrisk
o revenue streams: energy sales and flexibility/ancillary value

o constraintsthat affect economics: carbon pricing, social cost of carbon,
curtailment risk, connection delays, supply chain limitations

o regulationand standards context.
e Distinguishing market signals from policy frameworks:
o policy mechanisms are not evaluated here in depth.

Learning aim C: Know health, safety and environmental principles for renewable
energy projects

C1 Common hazards and safe systems of work
e Riskassessmentbasics:

o hazardidentification, riskrating, control hierarchy.
¢ Commonrenewable project hazards:

o working at height, electrical hazards, lifting/handling, confined spaces,
weather exposure.

e Competence and compliance thinking:
o why permits, method statements and training matter.

C2 Environmental management principles
e Typical environmental considerations across renewables:
o habitat disturbance, noise/visual impacts, waterimpacts, waste and end-of-life.
e Mitigationlogic
o avoidance, minimisation, restoration/offsetting.
e Stakeholders and sociallicence:
o consultationasariskand acceptance factor
o methods of achieving successful social licence forrenewable energy projects.

C3 Responsible end-of-life and circularity
e Why decommissioning planning matters.
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Assessment criteria

Learning aim A: Understand comparative evaluation of renewable energy options

Learning aim B: Understand energy grid integration and market drivers

A.P1Explainkey costs
and benefits of renewable
energy technology families.

N

A.M1Compare resource
characteristics, site
constraints, lifecycle
considerations and
suitability of renewable
options.

B.P2 Explainrenewable
integration challenges
(variability, stability,
curtailment).

B.M2 Explain system-level
market drivers, constraints
andtrade-offslinked to

integration of renewables.

AB.D1Discuss a
recommendedrenewable
energy deployment and
integration scenario with
justification froman
appropriate mix of
renewable options.

Learning aim C: Know health, safety and environmental principles for renewable

projects

e e fEs

C.P3 Describe common
health and safety hazards
andrisk control measures
foraselectedrenewable
project.

C.M3 Explain how health,
safety and environmental
requirements caninfluence
project planning and
stakeholderacceptance
foraselectedrenewable
project.

C.D2Evaluate health and
safety and environmental
considerations across a
renewable project lifecycle.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT*
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims:AandB (A.P1,B.P2,A.M1,A.M2, AB.D]).
e Learningaim: C(C.P3,C.M3,C.D2).

Pearson BTEC International Level 3 Qualificationsin Green Energy -
168 Issue1-July2026 © Pearson Education Limited 2026



Unit 11: Renewable Energy Systems

Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Systemyvisualisationtools, such as printed grid diagrams, energy flow schematics and
lifecycle stage charts, for explaining integration, trade-offs and decision contexts.

e Basic calculation and analysis tools, including calculators and simple spreadsheets, for
capacity, variability, demand matching and qualitative cost comparisons.

Essential information for assessment decisions

Learningaim A

For Distinction standard, students present a well-reasoned analysis that synthesises
technology choice, gridintegration and market considerations within a single scenario or
decision context. Their evidence shows confident use of comparative frameworks and
clearjustification for selecting and combining renewable options. Students recognise
uncertainty, assumptions and trade-offs, explaining how systemreliability, environmental
impact and economic factorsinteract at the whole-system level. Grid constraints,
variability management and market pressures are integrated into the analysis, rather than
treated as separate topics. Examples are applied critically, demonstrating insightinto how
strategic decisions are shaped by both technical and commercial realities. The overall
response is balanced, logical and clearly rooted in system-level thinking rather than
individual components.

For Merit standard, students move beyond description by making reasoned comparisons
and connections between technologies, grid operation and market conditions. Their
evidence shows they can weigh multiple factors such as resource quality, site limitations,
lifecycle impacts and system constraints, when comparing renewable options. Students
explain how integration challenges influence technical and economic decisions, drawing
links between variability, flexibility requirements and system-wide trade-offs. Market
drivers such as costs, revenue streams and regulatory constraints are discussedinrelation
to projectviability rather thaninisolation. The work demonstrates structured thinking,

with comparisons clearly framed and supported by relevant examples. Overall, students
demonstrate a coherent understanding of why specific combinations of renewables are
more suitable in certain contexts.

For Pass standard, students show a secure understanding of renewable energy options
and how they operate within electricity systems. Their evidence typically explains the

main characteristics of different renewable technologies and links those characteristics to
where and why they are used. Students identify relevant resource factors such as variability,
site constraints and basic lifecycle considerations, showing that they understand how
context affects suitability. When discussing grid integration, they demonstrate awareness
of why balancing supply and demand matters and outline common challenges posed by
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variable generation. Evidence oftenincludes simple descriptions of curtailment, storage or
demandresponse, supported by straightforward examples. The work is generally accurate
and grounded in the unit content, although comparisons and system explanations remain
mostly descriptive rather than detailed or evaluative.

Learningaim C

For Distinction standard, students evaluate health, safety and environmental
considerations across the full lifecycle of arenewable energy project. Their evidence
shows critical judgement, weighing short- and long-termrisks alongside environmental
responsibilities and end-of-life planning. Students consider how decisions made during
design, construction, operation and decommissioning influence safety performance,
environmental impact and public acceptance. Different mitigation strategies are
compared, with justification of why certain approaches are more appropriate in specific
contexts. Stakeholder and environmentalrisks are treated as integral to project success
rather than external constraints. Overall, students demonstrate reflective, lifecycle-based
thinking supported by realistic examples and logical conclusions.

For Merit standard, students explain how health, safety and environmental requirements
influence planning and decision-making throughout arenewable project. Their evidence
shows cause-and-effect thinking, forexample, how risks, mitigation measures or
regulatory expectations shape project design, scheduling and stakeholder engagement.
Students discuss how effective environmental management and consultation help reduce
risk andimprove acceptance, linking technical controls to wider project outcomes. Safety
documentation, competence requirements and mitigation strategies are explainedin
contextratherthanlisted. The work demonstrates a clear understanding of why these
considerations matter operationally and socially, with examples that show how good
practice supports both compliance and project viability.

For Pass standard, students provide clear evidence that they understand common health,
safety and environmentalissues associated with renewable energy projects. Theirwork
typically identifies key hazards relevant to a selected project and outlines appropriate
controlmeasures using accepted safety principles. Students show awareness of
environmental factors such as habitat disturbance, noise, waste and end-of-life
considerations, linking these to basic mitigation approaches. Evidence demonstrates t
hat studentsrecognise the importance of safe systems of work, competence and
compliance, even if explanations remain straightforward. The contentis accurate,
relevant to the chosen project, and clearly aligned with real working practices,
thoughittends to focus onidentificationratherthanbroaderimpact.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unitl: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 12: Wind Energy Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore wind turbine components, operation and performance withinmodern
low-carbon energy systems. Develops understanding of wind resource assessment,
site selection and safe maintenance practices for onshore and offshore turbines.

Unitintroduction

This unit equips students with knowledge and understanding of how wind power
contributes to modern, low-carbon energy systems. Wind energy plays a critical role
innational andinternational decarbonisation strategies, and technicians, planners and
engineers must understand how turbines operate safely and efficiently within variable
environmental conditions. This unit enables students to interpret real-world wind energy
challenges related to performance, reliability, siting and maintenance.

The unit covers the operational context of wind turbines, including energy conversion
principles, turbine components and operating regimes. Students explore wind resource
assessment through surface roughness, wind shear, turbulence and measurement
techniques, linking site characteristics to performance expectations. Safety-critical
maintenance practices are also examined, focusing on hazards, access systems, isolation
procedures, emergency response and environmental protection during maintenance
activities.

Completion of this unit supports progression into further study in green energy, engineering
orenvironmental science. It also prepares students foremployment or apprenticeshipsin
the wind energy sector by developing applied technical understanding, risk awareness

and workplace-ready operational skills.

Learning aims

In this unit, you will:

A Understand wind turbine components, configurations and operation
B Understand windresource assessment and site selection

C Beabletoplansafe maintenance practices.
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Summary of unit

Key content areas Assessment approach

A Understand wind
turbine components,
configurations and
operation

A1 Wind energy conversion

A2 Turbine architecture and
major components

A3 Operational strategies
and typical constraints

B Understand wind resource
assessment and site
selection

B1Site screening factors

B2 Surface roughness and
terrain effects

B3 Wind shear with height

B4 Windrose and
directionality

B5 Turbulence intensity
and gustiness

B6 Measurement
approaches

Assessmentuses a
vocational scenario with
written and diagrammatic
tasks, requiring students to
explain turbine operation
and analyse site wind data
tojustify performance
expectations and
operational constraints.

CBeabletoplansafe
maintenance practices

C1Wind turbine
maintenance context
and common tasks

C2 Core safety hazards
and control measures

C3 Access systems, rescue
and emergency response

C4 Environmental
considerations during
maintenance

Assessmentisbasedon
planned activities,
supported by written
justification, where students
demonstrate safe
maintenance procedures,
hazard control, access,
isolation and weather-
informed decision-making
usingrealistic turbine
service scenarios.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand wind turbine components, configurations and
operation

A1Wind energy conversion

e Windasakinetic resource and why power capture is sensitive to wind speed
(qualitative relationship; no advanced modelling).

e Keyoperatingregions:

o cut-in, rated and cut-out behaviour (why turbines do notrun at all speeds).
e Aerodynamic control concepts (overview):

o pitchcontroland stall control (purpose and outcomes).

A2 Turbine architecture and major components
e Structural elements:

o tower, nacelle, rotor, hub (roles and typical constraints).
e Rotorsystem:

o blades(lift generation concept), pitch mechanism, hub.
e Drivetrain and conversion:

o gearboxversusdirect-drive configurations (overview), generatorrole
(no deep electromagnetism).

e Yawsystemand sensors:

o Yyaw alignment purpose; basic instrumentation (anemometer/wind vane)
used for operation.

e Powerelectronics and transformer (overview only):
o why conditioning and stepping voltage matter (no grid engineering depth).
A3 Operational strategies and typical constraints
e Start-up/shut-downlogic and protective actions:
o high-wind shutdown, overspeed protection, braking concepts.
¢ Conditionand performance considerations (overview):
o howwearand environmental exposure affect operation (leading into maintenance).
e Onshore versus offshore context (high-level):

o accessand corrosion exposure; differences framed as operational/maintenance
implications rather than design.
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Learning aim B: Understand wind resource assessment and site selection
B1 Site screening factors
e Macro- and micro siting concepts:
o whyterrain, obstacles andlocal topography matter forwind flow.
e Constraints:
o access, setbacks, environmental receptors and grid proximity are acknowledged
without becoming planning-policy teaching.
B2 Surface roughness and terrain effects
e Surfaceroughness:

o roughnesscategories(e.g. sea, openland, woodland, urban) and how roughness
increases turbulence and reduces wind speed near the ground.

¢ Obstacles and wake effects:
o sheltering, speed deficit and turbulence in the lee of obstacles (wind farm and
micro siting implications).
B3 Wind shear with height
e Windshearconcept:
o whywind speedtypically increases with height; implications for hub height choice.
e \Verticalwind profile:
o atmospheric stability influences and why shear varies by time of day and
surface type.
B4 Wind rose and directionality
e Windrose purpose:

o summarisingwind direction frequency and relative strength; interpreting dominant
directions for turbine alignment and layout thinking.

e Directional variability implications:
o Yyaw activity, wake alignment and operational loading.

B5 Turbulence intensity and gustiness
e Turbulence concepts:

o turbulenceintensity and why it matters for fatigue loads and maintenance needs.
e Sources of turbulence:

o roughness, obstacles, complexterrain and atmospheric conditions.

B6 Measurement approaches
¢ Wind measurement methods:

o met(meteorological) masts, anemometry, remote sensing (Light Detection
and Ranging/LiDAR, Sonic Detection and Ranging/SODAR).

e Dataquality awareness:
o siting of sensors, duration of measurement and representativeness.
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Learning aim C: Be able to plan safe maintenance practices

C1Wind turbine maintenance context and common tasks
e Maintenancetypes:

o routineinspection, preventive maintenance, corrective maintenance.
e Typical turbine maintenance activities:

o Vvisualinspection, lubrication, filter changes, bolt torque checks, basic sensor checks.

C2 Core safety hazards and control measures
e Keyhazards:

o firerisks, working at height, dropped falling objects, electrical hazards,
rotating machinery, confined spaces, weather exposure, manual handling,
transfer of personnel.

e Controlhierarchy applied to wind maintenance:

o planning, permit-to-work awareness, toolbox talks, PPE (personal protective
equipment), exclusion zones, rescue preparedness.

e |solationandlock-off principles:
o electricalisolation concept, mechanical immobilisation, stored energy awareness
(hydraulic/pneumatic).
C3 Access systems, rescue and emergency response
e Safeaccess:
o ladders, lifts, fall arrest systems, anchor points.
e Emergencyresponse:
o rescue from height principles, evacuation triggers, communication protocols.

C4 Environmental considerations during maintenance
e Minimising environmental disturbance:
o oilspill prevention, waste handling, wildlife sensitivity during access.
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Assessment criteria

Learning aim A: Understand wind turbine components, configurations and

operation

Learning aim B: Understand wind resource assessment and site selection

A.P1Describe components
of awind turbine, their
functions, includingrotor,
drivetrain, yaw and control
systems.

A.P2 Explain turbine
operational behaviour
(cut-in/rated/cut-out) and
the purpose of pitch/yaw
control at overview level.

A.M1Explain,in detail, how
operating strategies and
component functions
influence reliability and
typical operational
constraints.

B.P3 Describe how surface
roughness and obstacles
caninfluence wind flow
and site suitability.

B.P4 Examine wind shear
with height, turbulence
impacts and purpose

of awindrose.

B.M2Foraselected
scenario, explain how
roughness, shear, wind
directionality and
turbulence could affect
expected performance
and operational loading
considerations.

AB.D1Analyse awind
project scenario by

linking turbine operational
requirements with wind-
specific site characteristics
tojustify suitability and key
operational constraints.

Learning aim C: Be able to plan safe maintenance practices

Pass

Merit

Distinction

C.P5|dentify typical
hazards associated with
wind turbine maintenance
and appropriate control
measures. [SP - PS]

C.Pé6 Describe safe wind
turbine maintenance for
access andisolation.

C.M3 Explain how safe
maintenance planning can
supportreliable operation
and reducerisks.

C.D2Evaluate maintenance
approach, justifying
decisionslinked to

weather conditions.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PSV
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of 2 summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaim: C(C.P5,C.P6,C.M3,C.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Demonstration models and visuals: physical or digital wind turbine models, component
diagrams and cutaway images to support understanding of structure, operation and site
interaction.

e Healthandsafety equipment: basic PPE (helmet, harness visuals, gloves), lock-off
devices and permit-to-work examples for maintenance teaching.

e Measurement and datatools: example anemometer datasets, wind measurement
records and simple calculation tools for wind speed, shear and performance
discussions.

Essential information for assessment decisions

Learningaims Aand B

For Distinction standard, students demonstrate anintegrated, analytical understanding by
evaluating turbine suitability within a specific wind project context. Evidence shows
students synthesising turbine operational requirements with wind resource characteristics
tojustify key constraints and performance considerations. Students successfully link
factors, such as turbulence sources, wind shear profiles and directional variability, to
operational control, loading and maintenance implications. Responses show informed
judgement, supported by relevant datainterpretation and contextual reasoning, rather
than a generic explanation. Students explain trade-offs clearly, forexample, between hub
height, site roughness and operational stress. Work is coherent, technically fluent and
scenario-driven, demonstrating the ability to apply wind energy principles in arealistic
planning or engineering decision-making context.

For Merit standard, students demonstrate a developed understanding by explaining
how turbine operation and site conditions interact to influence performance andloading.
Evidence shows students linking wind shear, turbulence and directionality to operational
strategies such as pitch and yaw control. Students use contextual data or scenario
information to explain why particular environmental conditions may increase wear, affect
reliability or constrain output. Explanations include cause-and-effect reasoning, showing
how component behaviour responds to varying wind conditions. Students may reference
measurement approaches orwindroses to justify assumptions about expected operating
conditions. Work demonstrates logical structure, accurate use of terminology and clear
connections between turbine design features and site-specific wind characteristics,
indicating confident applied understanding.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 181



Unit12: Wind Energy Systems

For Pass standard, students demonstrate secure foundational understanding by
describing wind turbine components, operational behaviour and basic site factors using
correct technical terms. Evidence typically shows students explaining how wind speed
affects power capture, identifying key turbine systems and outlining how terrain, surface
roughness and obstacles influence wind flow. Students interpret simple wind energy
concepts without detailed optimisation, linking operating regions or site features to
performance in a straightforward way. Work may include labelled diagrams, short
explanations or structured responses that show awareness of how turbines interact with
theirwind environment. Students show that they can follow given contextual information
and apply core knowledge to a defined scenario, demonstrating readiness to progress to
more detailed considerations of performance and reliability.

Learningaim C

For Distinction standard, students demonstrate evaluative judgement by reviewing
maintenance activities and justifying safety decisionsinrelation to environmental and
operational conditions. Evidence shows students assessing how weather, access
limitations or turbine state influenced maintenance planning and execution. Students
explain why alternative actions were taken or avoided, linking conditions to risk, control
effectiveness and operational outcomes. Evaluations consider both personal safety
and widerimplications for turbine reliability and environmental protection. Work shows
reflective reasoning, demonstrating readiness for real-world wind turbine maintenance
contexts where conditions are dynamic and judgementis critical.

For Merit standard, students must demonstrate planned, risk-aware maintenance practice
by explaining how preparation and control measures support safe andreliable turbine
operation. Evidence shows students justifying their chosen safety steps and linking hazards
to control strategies such asisolation, access systems orrescue preparedness. Students
explain how planning, sequencing and communication reduce risk, particularly in variable
weather or site conditions. Written or verbal explanations demonstrate understanding of
why specific controls are necessary rather than simply followinginstructions. This indicates
students can contribute meaningfully to maintenance activities with growing autonomy
and situational awareness.

For Pass standard, students demonstrate safe working awareness by identifying common
wind turbine maintenance hazards and appropriate controls. Evidence shows that students
are planning established procedures foraccess, isolation and basic maintenance tasks,
using PPE correctly and responding appropriately to instructions. Students recognise
hazards, such as working at height, exposure to weather or electrical risks, and demonstrate
controlled behaviour when carrying out planned actions. Records or checklists are
designedto ensure that tasks are completed methodically and safely. Evidence shows
compliance and understanding rather than evaluation, indicating they can plan safe working
under supervision within defined boundaries and recognise the importance of safety
systemsin awind energy maintenance environment.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 13: Hydroelectric and Marine Energy Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore principles, technologies and site factors in hydroelectric and marine
energy, including water dynamics, turbine engineering and system optimisation.

Unitintroduction

Hydroelectric and marine energy systems are central to the global shift toward low-carbon
power and Net Zero Greenhouse Gas Emissions targets. This unit helps you understand
how water-based energy resources are used to generate reliable, renewable electricity,
enabling you to evaluate real-world solutions that balance performance, cost, and
environmental impact. These insights are valuable for careers in energy, engineering,

and environmental sectors.

You will study the principles of energy in moving and stored water, hydrological and marine
processes, and energy conversion efficiency. You will explore technologies such as dams,
run-of-river systems, and tidal and wave devices. You will also examine system
components, gridintegration, and key environmental, site, social, and regulatory
considerations to make informed feasibility judgements.

This unit supports progression to study in renewable energy, engineering, environmental
science, and sustainability. It develops analytical, technical, and evaluative skills valued
by employersin power generation, infrastructure planning, environmental assessment,
and waterresource managementroles.

Learning aims

In this unit you will:

A Understand principles of water-based energy generation
B Know water-based systemtypes andtechnologies

C Beabletoassess environmental and site considerations.
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Summary of unit

Key content areas Assessment approach

A Understand principles
of water-based energy
generation

AlEnergyinwatersystems
A2 Hydrological and marine
processes

A3 Energy conversion
principles

Explanation of water
energy principles, apply
calculations, and analyse
how flow, head, and
efficiency affect energy
generation performance.

B Know water-based
systemtypesand
technologies

B1Measurement of water
use and performance

B2 Hydroelectric power
systems

B3 Turbines and
components

B4 Marine energy systems

B5 Integration with other
energy systems

CBeableto assess
environmental and site
considerations

C1Site selection
considerations

C2Environmentalimpacts

C3 Social, economic and
regulatoryfactors

Analysis of technologies,
compare system suitability,
and assess environmental,
social, and site factors

to make justified
recommendations

using evidence.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand principles of water-based energy generation

Physical principles that allow moving and stored water to be convertedinto useful
electrical energy.

AlEnergy in water systems

e Waterasanenergyresource:

o physicaland chemical properties of water, including differences in marine and
freshwaterresources

o definitions of hydroelectric and marines energy systems.
e Formsof energyinwater:

o Qravitational potential energy

o Kkinetic energy.
e Relationship between:

o waterheight (head)

o flowrate

o energy output.
e Conversion of mechanical energy to electrical energy.
e Comparisonwith otherenergy sources, including renweable and non-renewable.
e Integrationwith green hydrogen production.

A2 Hydrological and marine processes
e Thewatercycle anditsrelevance to hydroelectric power.
e Riverflow andseasonal variability.
e Tidesandtidalcycles:
o gravitational effects of the Moon and Sun.
e Oceanwaves:
o formationdue towind
o Wwave energy transfer.
e Predictability of hydro and marine energy compared with wind and solar.

A3 Energy conversion principles
e Turbine operation:

o conversion of watermovement to rotational energy.
e Roleof generatorsin electricity production.
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e Energylosses:

o friction

o turbulence

o electricalresistance.
e Efficiencyinwater-based energy systems.
e Factorslimiting maximum power output.

Learning aim B: Know water-based system types and technologies

Hydroelectric and marine energy technologies and how they are applied in real-world
energy systems.
B1Measurement of water use and performance
e Quantitative measures:
o flowrate(Q), head (H)andenergy output
o powerequation: P = pgQHn
o efficiency of turbines and generators.
e Watermetrics:
o Throughputvs consumption
o System efficiencyratios.
e Monitoring approaches:
o Sensorsand flow measurementinstrumentation.

B2 Hydroelectric power systems
e Large-scale hydroelectric systems:
o damsandreservoirs
o flowcontrolsystems.
e Run-of-riversystems.
e Pumped storage hydroelectricity:
o energy storage and grid balancing.
e Advantages of hydroelectric power:
o reliability
o energy storage capability.
e Limitations:
o highcapital costs
o site-specificrequirements.
e System-levelinefficiencies:
o mismatchbetween supply and demand
o underutilisation of available waterresource.
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e Digital optimisation:
o smartmonitoring systems
o artificial intelligence-driven predictive maintenance and system control.

B3 Turbines and components
e Common turbine types:
o Pelton
o Francis
o Kaplan.
e Matchingturbine type to:
o head
o flowrate.
e Keycomponents:
o penstocks
o turbines
o generators
o controlsystems.
e Operational considerations:
o maintenance
o lifespan.

B4 Marine energy systems
e Tidalenergy.
e Tidalrange systems(barrages andlagoons).
e Tidal stream systems.
e Advantages:
o Predictability.
e Limitations:
o siteavailability
o marine corrosionissues
o environmentalimpacts.
e Waveenergy
o principles of wave energy capture
o typesofwave energy devices:
- oscillatingwater columns
- pointabsorbers.
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Otheremerging technologies:
o oceanthermal enenrgy conversion (OTEC)
o salinity gradient power (osmotic power).

Potentialimpact of artificial intelligence on productivity and manintenance costs.

B5 Integration with other energy systems

Connectionto the electricity grid.

Role of hydroelectric power in grid stability, relate to green hydrogen production

forenergy storage.
Marine energy as an emerging technology.

Contributiontorenewable energy targets and Net Zero strategies.

Learning aim C: Be able to assess environmental and site considerations

How environmental, geographical, social, economic and regulatory factorsinfluence the
feasibility of hydroelectric and marine energy projects.

C1 Site selection considerations

Physical site factors:
o wateravailability
o headandflow
tidalrange

O

o wave climate.

Geographical considerations:
o rivervalleys

o coastalfeatures.
Accessibility and infrastructure.
Proximity to electricity networks.

C2 Environmental impacts

Environmental benefits:

o low operational greenhouse gas emissions.

Potential environmentalimpacts:

o habitatdisruption

o changestoriverflow

o sedimenttransport

o effectsonfishandmarinelife

o CO,emissions fromconcrete production

o Greenhouse gas contribution from biogenic methane production fromrotting

organic build-up.
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e Differencesbetweenhydroelectric and marine impacts.
e Mitigationstrategies:

o fishpasses

o environmental flow management

o careful site design.

C3 Social, economic and regulatory factors
e Socialimpacts:

o displacement of communities

o visualimpact

o recreationaluse of waterbodies

o potential cross-border geo-political conflicts due to waterrights/
river course changes.

e Economic considerations:

o construction costs

o long-term operationand maintenance, saltwater corrosion.
e Planning andregulatory requirements (overview):

o environmentalimpact assessments (EIAs)

o stakeholder consultation.
e Balancing energy generation with environmental protection.
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Assessment criteria

Learning aim A: Understand principles of water-based energy generation

N =

A.P1Explainhow energy is
obtained from moving and
stored water.

A.P2 Examine principles
of energy conversionin
hydroelectric and marine
energy systems.

A.M1Assess how water flow,
head and system efficiency
affect energy output.

A.D1Evaluate how
conditions, system
efficiency and energy
conversion principles
interactto determine
the performance of
hydroelectric and marine
energy systems.

Learning aim B: Know water-based system types and technologies

Learning aim C: Be able to assess environmental and site considerations

N

B.P3 Describe different
types of hydroelectric and
marine energy systems.

B.P4 Outline key
components and
technologiesusedinwater
based energy systems.

B.M2 Compare the
locations and energy needs
of different water-based
technologies.

C.P5Identify environmental
and site factors that affect
hydroelectric and marine
energy systems.

C.Pé6 Assess potential
environmental and social
impacts of water-based
energy projects. [SP - PS]

C.M3 Analyse how site
selection, environmental
and social factorsinfluence
system design and
feasibility.

BC.D2 Evaluate
environmental, social and
site specific factors
when considering

the development of
hydroelectric ormarine
energy system.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PSV
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.
The relationship of the learning aims and criteriais:

Learningaim: A(A.P1,A.P2, A.M1, AB.D1)

Learningaims: Cand D (B.P3,B.P4, C.P5,C.P6,B.M2,C.M3,BC.D2)
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Flow measurement and monitoring equipment (e.g. flow meters, pressure sensors,
datalogginginterfaces)to quantify water use and system performance.

e Hydroelectric and turbine demonstration models orrigs (bench-top orvirtual simulation)
toillustrate flow, head, and energy conversion principles.

Essential information for assessment decisions

Learningaim A

For distinction standard, students provide comprehensive evaluation by synthesising
scientific principles, calculations and system understanding to explain how multiple
interacting factors determine performance. Students evaluate how water properties,
environmental conditions and system design collectively influence energy generation,
demonstrating depth of understanding across hydrological and marine contexts. Students
analyse trade-offs between efficiency, output and practical constraints, using evidence to
justify conclusions about optimal performance. Studentsintegrate consideration of energy
conversion processes, turbine performance and system losses to form well-supported
judgements. Students demonstrate systems thinking by linking theoretical principles with
real-world performance outcomes, presenting coherent and evidence-based conclusions.
Students provide detailed reasoning that brings together calculations, conceptual
understanding and applied knowledge to evaluate how energy generation can be
optimised within water-based systems.

For merit standard, students demonstrate analytical understanding by interpreting
calculated data to explain how flowrate, head and system efficiency interact toinfluence
energy output. Students explain relationships between variables using cause-and-effect
reasoning, linking changes in physical conditions to variations in performance. Students
analyse energy losses such as friction and turbulence, explaining theirimpact on overall
efficiency andidentifying practical approaches toreduce these losses. Studentsintegrate
knowledge of turbine operation, hydrological processes and energy conversion to explain
how system design influences output. Students apply technicallanguage accurately and
structure responses to show clear reasoning, using examples to support analysis. Students
demonstrate the ability to move beyond explanation by connecting multiple content areas
to show how engineering and environmental variables combine to affect performance in
water-based energy systems.
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For pass standard, students present clear and structured explanations of how water stores
and transfers energy, demonstrating understanding of gravitational potential and kinetic
energy within hydroelectric and marine contexts. Students apply relevant formulae to
calculate energy output, showing logical working and correct substitution of variables such
as flowrate, head and efficiency. Students explain how turbines and generators convert
mechanical energy into electrical energy, linking physical principles to system operation.
Students describe how hydrological and marine processes, including river flow and tidal
movement, influence energy availability and predictability. Students use appropriate
terminology and integrate basic scientific concepts with practical examples of energy
systems, demonstrating accurate interpretation of how water-based energy generation
operates and how different variables affect performance outcomes.

Learningaims Band C

For distinction standard, students evaluate, within one selected scenario, how
environmental, social, economic and site-specific factorsinteract to determine the
feasibility and sustainability of a proposed system. Students compare alternative
technological approaches within the scenario, justifying decisions based on performance,
environmental impact and long-term viability. Students weigh competing priorities, such as
maximising energy output while minimising ecological disruption and social impact, forming
balanced and evidence-based conclusions. Students evaluate mitigation strategies and
regulatory considerations, explaining how these influence design, implementation and
operation across the system lifecycle. Students demonstrate systems thinking by linking
site decisions to broader energy objectives, including grid integration and resource
efficiency. Students present well-structured, critical evaluations that synthesise multiple
factorsinto a coherent andjustified assessment of system suitability within the selected
context.

For merit standard, students analyse, within one selected scenario, how hydroelectric or
marine technologies are chosen and developed based on site-specific, environmental
and social factors. Students explain how physical conditions such as flow characteristics,
tidalrange or coastal features influence technology selection and system configuration.
Students analyse how environmental considerations, including ecosystem sensitivity
and resource management, shape design and operational decisions. Students integrate
socialand economic factors, explaining how community impact, cost and infrastructure
requirements affect feasibility. Students demonstrate clear links between system
performance and environmental constraints, explaining how monitoring and mitigation
strategies support sustainable operation. Students present coherent, scenario-based
analysis that applies technical knowledge to real-world conditions, demonstrating
reasoned judgement and accurate use of terminology.
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For pass standard, students describe arange of hydroelectric and marine energy systems,
including dams, run-of-river and tidal technologies, outlining their main components and
operational features. Studentsidentify key environmental and site factors such as water
availability, geography and proximity to infrastructure, explaining how these influence
system selectionin straightforward terms. Students outline potential environmental and
socialimpacts, including effects on habitats and communities, demonstrating awareness
of both benefits and constraints. Students describe how monitoring and control systems
support operation, referring to tools such as sensors and flow measurement devices.
Students present structured responses using appropriate terminology, linking
technologies to site considerations and demonstrating clear understanding of

how system design and location are influenced by practical and environmental factors.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit]l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit18: Low-Carbon Heating Technologies.

e Unit 20: Water Conservation and Managementin Energy Systems.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 14: Biomass and Biofuel Energy Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore biomass resources, conversion methods, biogas and liquid biofuels,
and understand system design and applications across local and global energy contexts.
They assess sustainability, emissions and social and economic impacts.

Unitintroduction

This unitisrelevant to real-world energy challenges, particularly the need for alternatives
to fossil fuels that do not contribute to atmospheric carbon dioxide levels and are locally
appropriate. By understanding biomass and biofuel energy systems, students gain insight
into technologies already being used globally to support waste management, rural
development and energy security. The unit helps students recognise how biological
resources can be harnessed responsibly, building awareness of sustainability, emissions
and socialimpact - knowledge thatis increasingly valuable across the energy and
environmental sectors.

The unit covers abroad yet coherent range of content, from biomass feedstocks and
conversion methods to biogas, liquid biofuels and system design. Students will progress
fromunderstanding production processes to assessing environmental, social and
economicimpacts, including emissions, health and resource use. Assessment will allow
students to describe, explain and evaluate systems, provide evidence of realistic contexts,
and demonstrate both technical understanding and informed judgement.

Completion of this unit supports progression into further study in green energy,
environmental science or engineering. It also develops applied knowledge and
analytical skills valued in energy, sustainability and technical supportroles.

Learning aims

In this unit you will:

A Understand biomass sources and conversion methods
B Understand biofuel production processes

C Beabletoassess sustainability and emissionimpacts.
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Summary of unit

Key content areas Assessment approach

A Understand biomass
sources and conversion
methods

AlBiomass as an energy
resource

A2 Biomass conversion
methods

A3 Low-technology
biomass systems in diverse
communities

Tasks exploring biomass
sources, conversion
methods andlow-
technology systems.

B Understand biofuel
production processes

B1Iintroduction to biofuels

B2 Biogas and methane
production

B3 Methane digesters and
system design

B4 Liquid biofuels

CBeabletoassess
sustainability and
emissionimpacts

C1Emissions and
environmentalimpacts

C2 Sustainability of biomass
energy

C3 Socialand economic
impacts

Tasks exploring biofuel
production processes,
sustainability, emissions,
socialand economic
impacts.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim a: Understand biomass sources and conversion methods

The range of biomass resources available and the different methods used to convert
biomassinto useful energy.

Al Biomass as an energy resource

e Definition of biomass energy.

e Biomass as arenewable energy source.

e Typesof biomassfeedstock:

©)

@)

O

O

o

@)

wood and forestry residues, including wood chip pellets
peat

agriculturalresidues

energy crops

animal waste

food and organic waste.

e Availability of biomassin:

O

O

developedregions
rural and low-income communities.

¢ Roleof biomassinlocal and decentralised energy systems.

A2 Biomass conversion methods

e Directcombustion:

o

@)

heat generation
overview of electricity generation.

e Qverview of thermochemical conversion:

O

O

gasification
pyrolysis.

e Biological conversion:

@)

anaerobic digestion.

e Comparison of conversion methods:

O

O

efficiency
scale

o cost

o technological complexity.
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A3 Low-technology biomass systems in diverse communities
e Importance of low-technology biomass systems.
e Examples of low-technology applications:

o improved cookstoves

o small-scale biogas digesters

o community-based heating systems.
e Benefits of low-technology systems:

o affordability

o localmaterials

o energy access.
e Limitations:

o efficiency

o emissions

o waterusage

o maintenance requirements.

Learning aim B: Understand biofuel production processes

How biomass is processedinto liquid and gaseous biofuels and how these fuels are used.

B1Introduction to biofuels
e Definition of abiofuel.
e Majortypes of biofuel:
o biogas/methane
o bioethanol
o biodiesel.
e Emerging biofuels:
o biohydrogen
o biomethanol
o sustainable aviation fuel, e.g. alcohol-to-jet (AT)), Fischer-Tropsch synthetic
paraffinic kerosene (FT-SPK).
B2 Biogas and methane production
e Principles of anaerobic digestion.
e Stagesof anaerobic digestion (overview):
o hydrolysis
o acidogenesis
o methanogenesis.
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Feedstocks usedindigesters:
o animalmanure

o foodwaste

o cropresidues.
Composition of biogas:
o methane

o carbondioxide.

Uses of biogas:

o cooking

o heating

o electricity generation.

B3 Methane digesters and system design

Types of methane digesters:
o fixed-dome

o floating-drum

o plug-flow.

Key components:

o digestertank

o inletandoutlet

o gasstorage.

Operating conditions:

o temperature

o feedstockconsistency.
Advantages and limitations of digester systems.

Suitability for household, farm and community use.

B4 Liquid biofuels

Types of liquid biofuels:

o bioethanol

o biodiesel

o sustainable aviation fuel.
Bioethanol production:

o fermentation of sugars and starches (overview).

Biodiesel production:

Unit 14; Biomass and Biofuel Energy Systems

o useofvegetable oils and waste oils (overview) (hydrotreated vegetable oil (HVO),

fatty acid methyl esters (FAME))
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o sustainable aviation fuel (overview) (hydroprocessed esters and fatty acids (HEFA),
power-to-liquid (PtL), ATJ, FT-SPK).
e Usesofliquid biofuels:
o transportfuels
o blendingwith fossil fuels
o infrastructure of supply.
e Comparisonwith biogas systems.

B5 Complete and incomplete combustion and the formation of associated pollutants
e Combustiontypes
o Complete combustion:
- Fuel+ 02> CO2+H20
o Incomplete combustion:
- Fuel +limited O2-> CO + C(particulates) + H20
e Pollutant formation
o CO>toxic,incomplete combustion
o CO2->greenhouse gas
o NOx- high-temperature combustion
o Particulates > unburnt carbon (soot)
e Applied context
o Biomassboilersvsopen burning
o Engine combustion (biofuels)
o Airqualityimpacts.

Learning aim C: Be able to assess sustainability and emissionimpacts

Environmental, social and economic impacts of biomass and biofuel energy systems.

C1Emissions and environmental impacts
e Greenhouse gasbalance:

o carboncycle

o carbonneutrality (conceptual understanding).
e Emissions from biomass combustion:

o carbondioxide

o particulates.
e Comparison of emissions:

o traditional biomassuse

o improvedbiomass systems

o fossilfuels.
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e Environmentalimpacts of biogas systems:

o reducedmethanerelease fromwaste
o improvedwaste management.

C2 Sustainability of biomass energy
e Renewable nature of biomass.
e Sustainable biomass supply:

o landuse

o foodversusfuel considerations

o wateruse, biomass crop versus drinking water.

e Impacton:
o forests
o agriculture
o biodiversity.

Unit 14; Biomass and Biofuel Energy Systems

e Importance of local sourcing and waste-based biomass.

¢ Role of biomassinenergy access and development.

C3 Social and economic impacts
e Healthimpacts:

o indoorairquality

o reducedsmoke exposure.
e Economicimpacts:

o reducedfuelcosts

o localjob creation.
e Social benefits:

o improved energy access

o reducedreliance onimported fuels.
e Limitations andchallenges:

o maintenance

o training

o culturalacceptance.
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Assessment criteria

Learning aim A: Understand biomass sources and conversion methods

N

A.P1Describe different
sources of biomass used
forenergy production.

A.P2 Explain methods used
to convert biomassinto
useful energy.

A.M1Explainhow biomass
source and conversion
method influence energy
output and system
suitability.

A.D1Analyse how low-
technology biomass
source, conversion
technology and scale,
affect the sustainability
and efficiency of a selected
bioenergy system.

Learning aim B: Understand biofuel production processes

Learning aim C: Be able to assess sustainability and emissionimpacts

Pass

Merit

Distinction

B.P3 Explain how biogas
and methane are produced
using anaerobic digestion.

B.P4 Examine biofuel
production processes
and their applications.

B.M2 Explain why different
biofuel production methods
are suited to contrasting
scales and contexts.

C.P5 Assess environmental
and sustainability impacts
of biomass and biofuel
energy systems. [EL - MOL]

C.P6 Examine emission
impacts associated with
biomass and biofuel use.

C.M3 Explain how
sustainability and emission
factorsinfluence the use of
biomass and biofuel energy
systems.

BC.D2Evaluate
environmental, social

and emissionimpacts of
biomass and biofuel energy
systemsin contrasting
community and
development contexts.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOLV IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 207



Unit 14: Biomass and Biofuel Energy Systems

Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaim: A(A.P1,A.P2,A.M1,A.D1).
e Learningaims:Band C(B.P3,B.P4,C.P5,C.P6,B.M2,C.M3,BC.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Accesstodigitallearningresources fordiagrams, process animations, system
schematics and contemporary case examples.

e Datasourcesand comparison tables foremissions, efficiency, costs and sustainability
impacts across biomass and biofuel systems.

e Basic modelling and visualisationtools, such as system diagrams, flow charts or
spreadsheets, to support analysis and evaluation.

Essential information for assessment decisions

Learningaim A

For Distinction standard, students present a well-developed analysis that integrates
biomass source, conversion approach, technological scale and context. Evidence
demonstratesinformedjudgement, forexample, showing how low-technology systems
operate effectively within particular sustainability, economic or community constraints.
Students should describe bothlow- and high-technology systems, comparing, contrasting
and evaluating detailed designs and operating theories of both. Students evaluate system
effectiveness by weighing benefits against limitations such as emissions, maintenance
demands or efficiency losses. Responses provide reasoned, logically derived conclusions.
Students show control over technical vocabulary and use comparative evidence to justify
decisions orrecommendations. Analytical depth is demonstrated through the synthesis

of multiple content strands, rather thanisolated explanations, indicating a holistic
understanding of biomass energy systems and theirreal-world operation.

For Merit standard, students move beyond description to develop explanatory links
between biomass source characteristics, conversion technologies and resulting energy
outputs. Evidence shows students making reasoned connections, forexample, linking
moisture content or feedstock type to conversion efficiency or suitability for particular
scales of use. Students use comparisons to explain why certain combinations of resource
and conversion methods are more appropriate in specific geographic, economic or
technological contexts. Responses demonstrate structured reasoning, supported

by examples. Students typically demonstrate evidence across multiple scenarios and
show that they understand compromises between efficiency, cost, scale and complexity.
Thislevel of response indicates a coherent understanding of how biomass systems function
asintegrated energy solutions.
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For Pass standard, students demonstrate a secure foundational understanding drawn
directly from the unit content. Evidence typically shows clearidentification and description
of arange of biomass feedstocks, with coverage extending across plant-based materials,
wastes andresidues. Students explain how biomass can be converted into useful energy
using approaches such as direct combustion, biological processes and thermochemical
methods, with explanations grounded in taught examples rather than abstract theory.
Responses are generally descriptive but accurate, using correct terminology and
demonstrating awareness of where different biomass resources are found and broadly
how they are used. Depthis limited, but understandingis appropriate for students who
can explain processesin theirown words and apply examples consistently across familiar
contexts.

Learningaims Band C

For Distinction standard, students produce integrated evaluations of biofuel systems that
combine production processes with environmental, social and emissionimpacts across
contrasting development or community contexts. Evidence shows well-reasoned
judgement, weighing benefits, such as reduced greenhouse gas emissions, improved
waste management and enhanced energy access, against limitations, including land-use
pressures, maintenance requirements, cultural acceptance or economic constraints.
Students synthesise content from across Learning aims B and C toreachjustified
conclusions rather than presenting parallel discussions. Responses demonstrate
autonomy, balance and analytical depth, supported by relevant examples. Students’
evaluations clearly show how sustainability, emissions and technical factors collectively
determine the effectiveness and appropriateness of biomass and biofuel energy systems.

For Merit standard, students explain how technical, sustainability and emission factors
influence the selection and use of biofuel systems across contrasting scales and contexts.
Evidence shows that students link production methods, system design and operating
conditions to environmental and social outcomes, such as emissions reductions, health
improvements orresource efficiency. Students explain how factors, including feedstock
availability, land use, carbon balance andlocal infrastructure, shape decisions about system
suitability for household, farm, community or larger-scale use. Responses demonstrate
structured reasoning, with clear cause-and-effect links supported by examples drawn
fromunit content. Students move beyondisolated facts to explaininteractions between
production processes and sustainability considerations, showing a developed
understanding of biofuels as context-dependent energy solutions.
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For Pass standard, students demonstrate an accurate and consistent understanding of
how biofuels are produced and the core environmental and sustainability issues associated
with theiruse. Evidence shows a clear explanation of anaerobic digestion stages, common
feedstocks and the production of liquid biofuels, alongside identification of typical
applications such as cooking, heating, electricity generation and transport. Students

also examine key sustainability and emission considerations, including greenhouse gas
emissions, indoor air quality, waste management benefits and comparisons with fossil fuels
or traditional biomass use. Responses are largely descriptive and structured, indicating that
students canreliably recount taught processes and theirimpacts. Evidence may include
written explanations, diagrams or simple comparisons that demonstrate awareness of
environmental, social and economic effects without extended judgement or synthesis.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
212 Issue1-July2026 © Pearson Education Limited 2026



Unit 15; Solar Thermal and Photovoltaic Energy Systems

Unit 15: Solar Thermal and Photovoltaic Energy Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

The unitintegrates solar photovoltaic and solar thermal technologies to explain the
principles, components, operations and performance within low-carbon energy systems.
Studentsinterpret data and evaluate integrated systems for practical applications.

Unitintroduction

This unitisrelevant to the real world as solar energy systems are increasingly central to low-
carbon building design, energy security and sustainability targets. By understanding how
solar photovoltaic and solar thermal technologies operate, students gain practical insight
into how buildings can meet electrical and thermal energy demands more efficiently.

This knowledge equips students with transferable skills that reflect current industry
practice and growing employer demand in the renewable energy sector.

The unit provides breadth and depth by covering solar energy conversion principles,
system components, configurations and integrated operation. Students will explore
photovoltaic electricity generation, solar thermal heat collection, storage options and
hybrid arrangements. Operational factors, control strategies and user behaviour are
examined to show how performanceisinfluencedin practice. Students will also interpret
basic performance data, comparing expected and actual outcomes to evaluate system
effectiveness and limitations.

Successful completion supports progressioninto further study inrenewable energy,
building services engineering or environmental science. It also prepares students for
entry-levelroles, apprenticeships ortechnical training ininstallation, maintenance,
energy management and sustainability-focused careers.

Learning aims

In this unit you will:

A Understand solar energy conversion principles and system purposes

B Knowintegrated solar system components, configurations and applications
C Understand operational factors, controls and userinfluence on performance
D Beabletocarry outandinterpret basic solar system performance checks.
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Summary of unit

Key content areas Assessment approach

A Understand solar energy
conversion principles
and system purposes

Al Solarresource and
energy conversion
principles

A2 Solarthermal energy
conversion

A3 Solar photovoltaic
energy conversion

A4 Comparative system
purposes and end-use
matching

Assessment uses
structured explanations and
comparisons, supported

by diagrams and data, to
evidence understanding

of solarenergy conversion
principles concepts.

B Know integrated solar
system components,
configurations and
applications

B1 Core components of
solarthermal systems

B2 Core components of
photovoltaic systems

B3 Energy storage and
auxiliary systems

B4 System configurations
andintegration

B5 Applications and scale

C Understand operational
factors, controls and user
influence on performance

C1Environmental and
site-related factors

C2 Control systems and
operational strategies
C3 Userbehaviourand
demand patterns

C4 Performance limitations
and systemlosses

C5 Reliability, maintenance
and lifespan

Assessment covers
component identification,
configuration analysis and
operational reasoning
through scenario-based
tasks, diagrams and
datainterpretation of
systemintegration and
performance influences
inrealistic applied context
settings.
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Learning aim

D Be able to carry out and
interpret basic solar system
performance checks

Unit 15: Solar Thermal and Photovoltaic Energy Systems

Key content areas

D1Performance data and
measurements

D2 Expectedversus actual
performance

D3 Interpretationand
evaluation

D4 Environmental and
system-level evaluation

Assessment approach

Assessmentinvolves
analysing system
performance data,
identifying trends,
explaining anomalies

and effectiveness against
expected operation

and system limitations.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand solar energy conversion principles and system
purposes

AlSolarresource and energy conversion principles
e Nature of solarradiation: direct, diffuse and reflected components.
e Solarspectrumandrelevance to thermal absorption and photovoltaic (PV) response.
e Relationship betweenirradiance, collector/module area and energy output:
o irradiance typically 200-1,000 W/mz2,
e Seasonal, geographical and daily variation in solar availability.
e Comparison of energy quality: low-grade thermal energy, electrical energy.

A2 Solar thermal energy conversion

e Principles of solar thermal collection: absorption, heat transfer and insulation.

e Typesofcollectors and operating temperature ranges:

o flat-plate collectors(30-70 °C)
o evacuatedtube collectors (50-120 °C).

e Heat-transferfluids and antifreeze use.

e Typicalapplications: domestic hot water, space heating support, pre-heating.

¢ Newandemergingtechnologies: concentrated solar power (CSP), e.g. parabolic,
supercritical CO,, solar thermochemistry.

A3 Solar photovoltaic energy conversion

e PVeffectandp-njunctionbehaviour.

e Monocrystalline, polycrystalline and thin-film PV cells.

e Relationship betweenirradiance, voltage, current and power output.

e Typical PV module efficiencies (15-23%) and performance variation.

e Newandemergingtechnologies: high efficiency cells, e.g. Tunnel Oxide Passivated
Contact (TOPCon), heterojunction technology (HJT), interdigitated back contact (IBC);
tandem technology; perovskite-silicon; bifacial panels; thermal skins and fabrics;
thermoradiative cells.

A4 Comparative system purposes and end-use matching

e Matchingsolarthermal systems to heat demand profiles.

e Matching PV systemsto electrical demand profiles

e Advantagesandlimitations of eachtechnology.

e Rationale forcombined or complementary use within buildings and energy systems.
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Learning aim B: Know integrated solar system components, configurations and
applications

B1 Core components of solar thermal systems

Collectors, mounting frames and orientation requirements, 33% rule forroof coverage.
Heat-transfer circuits, pumps and valves.

Thermal storage cylinders and buffer tanks:

o typicaldomestic storage volumes:150-300 L.

Expansionvessels, pressurerelief and safety devices.

New and emerging technology: e.g. advanced thermal energy storage (TES),
molten salts.

B2 Core components of photovoltaic systems

PV modules and array configurations (series/parallel).
Inverters: string, micro-inverter, hybrid inverter, 33% rule forinverters.

Direct current (DC) and alternating current (AC) isolators, protection devices
and cabling.

Monitoring and data-logging systems.

B3 Energy storage and auxiliary systems

Thermal storage versus electrical storage.

Battery technologies (lead-acid, lithium-ion) and indicative capacities:
o domestic systems typically 3-15 kWh.

Interaction with auxiliary heaters and grid supply.

New and emerging technologies: next-generation molten salts, phase change materials
(PCMs), solid-particle storage, solar thermochemistry for green hydrogen production.

B4 System configurations and integration

Grid-connected, off-grid and hybrid systems.

Integration of PV and solar thermal within a single building.

Roof space constraints and system prioritisation, legislative factors.
Interaction with existing heating, hot water and electrical systems.

Hybrid and integrated systems: smart applications, e.g. building-integrated
photovoltaics (BIPV), photovoltaic-thermal (PVT), solar + heat pump integration,
digital twins and artificial intelligence (Al).

B5 Applications and scale

Domestic, commercial and small-scale industrial applications.
New-build versus retrofit considerations.

Urban versus rural deployment challenges.

Environmental impact analysis/legislation.
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Learning aim C: Understand operational factors, controls and user influence
on performance

C1Environmental and site-related factors
e Orientationandtilt angle effects:
o typical optimaltilt: 20-45° depending on latitude.
e Shading, soiling and obstructionimpacts.
e Ambienttemperature, cloud cover, precipitation and other effects on PV performance.

C2 Control systems and operational strategies

e Differentialtemperature controlin solar thermal systems.

e Invertercontrol strategies and maximum power point tracking (MPPT).
e Interactionbetween solargeneration, storage and demand.

e Priority control forthermal versus electrical loads.

C3 User behaviour and demand patterns

e Hotwaterusage profiles and timing.

e Electricaldemand matching andload shifting.

e Role of smart timers, immersion diverters and user settings.

C4 Performance limitations and system losses

e Thermallosses, stagnation and overheatingrisks.

e Electricallosses: cabling, inverter efficiency, temperature derating.

e Typical systemlosses (10-30% depending ontechnology and installation).

C5 Reliability, maintenance and lifespan
e Routine checks and basic maintenance requirements
e Indicativelifespans:
o PVmodules(20-30years)
o solarthermal collectors (15-25years)
o some broadindication of payback times for capital/maintenance investment.
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Learning aim D: Be able to carry out and interpret basic solar system performance
checks

D1Performance data and measurements
e Solarirradiance, temperature, voltage, current and energy yield.
e Use of basicinstruments (thermometers, multimeters, monitoring software).
e Typical PV system outputs fordomestic installations:
o annualyield often 800-1,100 kWh perinstalled kWp.

D2 Expected versus actual performance

e Understanding manufacturer data and design expectations.

e Comparison of measured output with theoretical or predicted values.
e |dentification of underperformance indicators.

D3 Interpretation and evaluation

e Interpreting trends over time and seasonal variation.

e |dentifying causes of reduced performance.

e Impact of controls, storage and user behaviour on outcomes.

D4 Environmental and system-level evaluation

e Contributionto carbonreduction and energy demand displacement:
o indicative carbonsavings dependent on grid carbonintensity.

e Strengthsandlimitations of integrated solar systems.

e Suitability for different building types and user needs.
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Assessment criteria

Learning aim A: Understand solar energy conversion principles and system

purposes

N

A.P1Describe how solar
radiationis converted
into thermal energy and
electrical energyinsolar
systems.

A.P2 Explain typical end
uses of solarthermal and
photovoltaic systems
across domestic and

commercial applications.

A.M1Compare
differencesinperformance
characteristics, efficiencies
and output profiles between
thermal and photovoltaic
technologies.

A.D1Analyse suitability

of solarthermal and
photovoltaic technologies
for contrasting energy
demands and
environmental conditions.
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Learning aim B: Know integrated solar system components, configurations and
applications

Learning aim C: Understand operational factors, controls and user influence on
performance

e e fEmes

B.P3 Describe key B.M2 Analyse how BC.D2 Evaluate how
components of solar component selectionand system design, controls
thermal and photovoltaic configurationinfluence and operational factors
systems and theirroles systemintegration, energy | collectively determine the
withinintegrated distribution and overall effectiveness and reliability
installations. functionality. of integrated solar systems.

B.P4 Explaincommon
system configurations,
including grid-connected,
off-grid and hybrid solar

arrangements.

C.P5 Compare C.M3 Analyse interactions
environmental and between environmental
operational factors that conditions, controls and
affect solarthermal and userdemand affecting
photovoltaic system overall system efficiency.
performance.

C.Pé Explainhow user
behaviour and control
strategiesinfluence
energy capture,
storage and utilisation.
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Learning aim D: Be able to carry out and interpret basic solar system performance

checks

Pass

D.P7 Describe methods
used to obtain basic
performance data

from solarthermal and
photovoltaic systems.

D.P8 Explain how measured
performance datais
compared with expected
or predicted system
behaviour. [SP - CT]

Merit

D.M4 Examine performance
datatoidentify causes

of underperformance or
efficiencylossesinsolar
systems.

Distinction

D.D3 Evaluate system
performance outcomes
tojudge effectiveness,
limitations and
environmental contribution
of integrated solar
installations.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CTvV
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of 3 summative assignments for this unit.
The relationship of the learning aims and criteriais:

e Learningaim:A(A.P1,A.P2,A.M1,A.Dl).

e Learningaims:Band C(B.P3,B.P4,C.P5,C.P6,B.M2,C.M3,BC.D2).
e Learningaim:D(D.P7,D.P8,D.M4,D.D3).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Solarhardware exemplars: small PV panel/module, solar thermal collector model
or cutaway, mounting samples forvisual inspection and comparison.

e Measurement and monitoring: multimeters, thermometers, irradiance meters,
basic dataloggers or monitoring software access for performance discussion.

e Reference materials: manufacturer datasheets, system schematics, wiring diagrams,
formula sheets and health-and-safety guidance.

Essential information for assessment decisions

Learningaim A

For Distinction standard, students demonstrate in-depth understanding by evaluating the
appropriateness of solar thermal and photovoltaic technologies for contrasting energy
scenarios. Evidence shows balanced judgement that considers energy demand profiles,
environmental conditions and system limitations. Students integrate technical principles
with contextual factors, such as building use or climatic variation, to support conclusions.
Reasoningis coherent and supported by realistic assumptions orindicative data. Students
may compare alternatives and acknowledge trade-offs without oversimplification. The
response is technically accurate and clearly reasoned throughout, showing the student can
successfully interpret taught content and apply it to unfamiliar or complex contexts.

For Merit standard, students build on understanding by demonstrating clear reasoning
when comparing efficiency, output profiles, seasonal behaviour and suitability for different
demand patterns. Studentsjustify statements using appropriate dataranges, diagrams
and/or contextual examples, demonstrating deeper understanding of how principles
translate into system behaviour. Explanations explore cause-and-effect relationships,
such astheinfluence of irradiance, temperature ordemand timing. Students use consistent
technicallanguage and show awareness of limitations as well as benefits. The work shows
effective synthesis of content rather thanisolated facts, indicating the student can
meaningfully interpret solar energy principles in applied contexts.
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For Pass standard, students demonstrate understanding by explaining how solar energy

is convertedinto useful heat or electricity using accepted scientific principles. Evidence
shows appropriate use of terminology when describing solar radiation, absorption,
photovoltaic effects and typical output characteristics. Students make clear links between
system purpose and end use, such as hot water provision or electricity supply, and match
technologies appropriately to at least one of each of domestic and/or commercial
contexts. Responses are technically sound, although largely descriptive. Any calculations
orreference values used are realistic, though not exploredin depth. Overall, the student
shows reliable understanding that reflects the taught content.

LearningaimsBand C

For Distinction standard, students demonstrate evaluative judgement by judging

how system design, control strategies and operational influences collectively affect
performance andreliability. Evidence integrates technical design considerations with
environmental and user-related factors to form well-reasoned conclusions. Students
compare and contrast advantages, limitations and practical constraints, showing
awareness of interactions across the whole system. Explanations are coherent, balanced
and supported by plausible assumptions or contextual examples. The student moves
confidently between component-level detail and system-level outcomes, demonstrating
successfulinterpretation of content. Conclusions are justified, realistic and reflect an
in-depth understanding of integrated solar system behaviour.

For Merit standard, students demonstrate analytical understanding by explaining how
design choices, configuration and control strategies influence integrated system
performance. Evidence shows reasoning about interactions between components,
storage methods, operational conditions and demand patterns. Students explore how
changesin environment or behaviour affect outcomes, using examples or simplified data
where appropriate. Links between thermal and electrical subsystems are clearly explained,
showing an understanding of systemintegrationrather than separate technologies.
Responses reveal structured thinking and effective use of technical concepts, with
attention to performance impacts and system efficiency. The student shows the ability
tointerpret taught content to explain operational behaviour.

For Pass standard, students show understanding of how integrated solar systems are
constructed and operated by correctly outlining key components, typical configurations
and basic control approaches. Evidence demonstrates awareness of how systems are
arranged to deliver heat and electricity and of how external factors, such as weatherand
user demand, influence operation. Students describe relationships between components,
controls and outputsinaclear, logical manner. Use of diagrams or flow descriptions
supports understanding, though explanations remain largely descriptive. Students apply
taught terminology correctly and show that they recognise how system partsinteract
without extensive interpretation. The evidence reflects a secure grasp of how integrated
solarinstallations function at a practical level.
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LearningaimD

For Distinction standard, students demonstrate evaluative judgement by using
performance evidence to assess overall system effectiveness and limitations. Evidence
shows integratedinterpretation of data, operational context and environmental impacts.
Students draw justified conclusions about system contribution, reliability and suitability,
supported by realistic assumptions. Strengths and weaknesses are weighed logically,
while constraints are acknowledged. The student’s evaluation shows strong synthesis

of performance data and technical understanding, indicating confident and critical
interpretation of the subject content.

For Merit standard, students demonstrate analytical ability by interpreting performance
data toidentify causes of reduced output orinefficiency. Evidence shows clearreasoning
when linking observedresults to potential factors such as environmental conditions,
control behaviour orlosses. Students compare actual and expected performance and
explain discrepancies using taught concepts. Datais interpreted logically, with trends,
ratherthanisolated observations, identified. Students show understanding of uncertainty
and variation, and explanations indicate confident engagement with performance
information. This reflects the student’s ability to use data to diagnose system behaviour
ratherthan simply report results.

For Pass standard, students show areliable understanding by correctly describing how
basic performance datais obtained and interpreted. Evidence includes appropriate
references to measurements such as temperature, electrical output or energy yield,

and shows accurate comparison with expected values. Students explain what the data
indicates about system operationin straightforward terms. Data handlingis clear and
consistent, thoughinterpretation remains mostly descriptive. Students show awareness
of normal variation and basic performance trends. The work demonstrates that students
canuse provided or captured data meaningfully to show whether a systemis operating
asintended.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 16: Battery Energy Storage Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore battery chemistry, charging behaviour and performance in stationary and
transport energy storage systems.

Unitintroduction

This unitis highly relevant to the rapid growth of battery energy storage inrenewable energy
systems and transport electrification. Students benefit from understanding how batteries
enable areliable power supply, support net zero targets and underpin technologies such

as electric vehicles and grid-scale storage. Developing this knowledge equips students
tointerpretreal-world systems they encounter as energy users, technicians or future
engineers, and builds confidence in a sector of increasing economic and environmental
importance.

The unit covers both scientific principles and applied design. Students will explore
electrochemical energy storage, common battery chemistries and how different battery
types suit stationary and transport applications. They develop skills in specifying and
designing battery energy storage systems, including sizing, configuration and component
selection. The unit also examines charging and discharging behaviour, performance
degradation, monitoring and control, alongside safety, recycling and environmental
impacts across the battery lifecycle.

Completion of this unit supports progression to further study in engineering, renewable
energy or applied science, and provides relevant technical understanding for entry-level
rolesin energy storage, electric transport, systeminstallation or maintenance.

Learning aims
In this unit you will:

A Understand battery chemistry and battery types usedin energy storage and transport
applications

B Beable to designbattery energy storage systems for stationary and transport uses
C Understand charging, discharging and performance characteristics of battery systems

D Beable to determine safety, recycling and environmental impacts of battery energy
storage systems.
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Summary of unit

Key content areas Assessment approach

A Understand battery Al Principles of
chemistry and battery types | electrochemical energy
usedinenergy storageand | storage
transport applications A2 Battery chemistries
A3 Battery types and
applications
B Be ableto designbattery | BlEnergy storage
energy storage systems requirements and
for stationary and applications
transportuses B2 System sizing and
configuration
B3 Battery system
components

B4 Design constraints
and compromises

Practical and written
assessment exploring
battery principles and
system design, including
calculations, configuration
tasks andjustification of
design decisions for
applications.

C Understand charging,
discharging and
performance
characteristics of
battery systems

C1Chargingand
discharging behaviour

C2Performance
characteristics

C3 Monitoring, control
and optimisation

D Be able to determine
safety, recycling and
environmentalimpacts
of battery energy
storage systems

D1Battery safety
considerations

D2 End-of-life, recycling

andreuse

D3 Environmental and
sustainability impacts

Analytical assessment
examining performance
behaviour, monitoring data,
safetyrisks, recycling
processes and
environmental impacts,
supported by evaluation
and justified conclusions.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand battery chemistry and battery types used in energy
storage and transport applications

How batteries store and release energy and compare battery technologies usedin
stationary energy storage and transport systems.

Al Principles of electrochemical energy storage

Batteries as electrochemical energy storage devices.

Conversion between:

o

o

chemical energy
electrical energy.

Basic battery structure:

O

O

o

o

anode
cathode
electrolyte
separator.

Movement of ions and electrons during charge and discharge.

Difference between:

O

o

primary (non-rechargeable) batteries
secondary (rechargeable) batteries.

A2 Battery chemistries

Commonrechargeable battery chemistries:

o

@)

O

O

lead-acid

lithium-ion

lithiumiron phosphate (LFP)
nickel-metal hydride (NiMH).

Key characteristics of different chemistries:

o

@)

o

energy density
power density
cyclelife

cost

safety.
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e Comparison of chemistries for:
o stationarystorage
o transportapplications.

A3 Battery types and applications
e Small-scale battery systems:
o portable electronics
o smalldomestic storage.
e Large-scale stationary battery energy storage system (BESS):
o grid-scale storage
o renewable energyintegration.
e Transportapplications:
o electricvehicles(cars, buses, vans)
o railapplications (hybrid and battery trains)
o marine and aviation key applications.
e Suitability of battery types for different use cases.

Learning aim B: Be able to design battery energy storage systems for stationary
and transport uses

How to specify and design battery systems that meet defined energy and power
requirements.
B1Energy storage requirements and applications
e Purpose of battery energy storage:
o loadshifting
o peakshaving

o

backup power
o renewable energy smoothing.
e Differencesbetween stationary and transport requirements:
o energy comparedtopowerneeds
o weightandvolume constraints
o dutycycles.

B2 System sizing and configuration

e Keydesignparameters:
o energy capacity by kilowatt-hour (kWh)
o powerrating by kilowatt (kW).
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Series and parallel battery configurations:
o effectonvoltage

o effectoncapacity.

Matching battery capacity to:

o loadprofiles

o transportjourneyrequirements.

Allowances for degradation and future capacity loss.

B3 Battery system components

Battery modules and packs.

Battery management systems (BMS):

o monitoring voltage, current and temperature
o cellbalancing.

Power electronics:

o inverters

o converters.

Cooling and thermal management systems.
Enclosures and mounting systems.
Integration with:

o renewable generation

o electricity grids

o electric drivetrains.

B4 Design constraints and compromises

Space, weight and structural considerations.
Cost constraints:

o capital cost

o operational cost.

Performance versus lifespan trade-offs.
Reliability and redundancy considerations.
Designing for maintenance and accessibility.
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Learning aim C: Understand charging, discharging and performance
characteristics of battery systems

How battery systems operate inreal conditions and how performance is measured
and managed.
C1 Charging and discharging behaviour
e Charge anddischarge processes.
e Charging methods:
o slowcharging
o fastcharging.
e Stateofcharge(SoC).
e Depthofdischarge (DoD).
e Charge anddischargerates (C-rate - qualitative understanding).
e Differences between stationary and transport charging profiles.

C2 Performance characteristics
e Battery efficiency:
o round-trip efficiency.
e Capacity fade and degradation overtime.
e Cyclelifeand calendarlife.
e Effectsof:
o temperature
o chargingrate
o DepthofDischarge (DoD).
e Impact of performance degradation on system design.

C3 Monitoring, control and optimisation
e Roleof BMS.
e Monitoring key parameters:

o Vvoltage

o current

o temperature.
e Optimising battery performance:

o operatingwithin safe limits

o avoidingovercharge and deep discharge.
e Performance comparison between:

o stationary BESS

o transportbattery systems.
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Learning aim D: Be able to determine safety, recycling and environmental impacts
of battery energy storage systems

Risks, lifecycle impacts and sustainability of battery energy storage systems.

D1Battery safety considerations

Electrical hazards:

o shortcircuits

o overcurrent.

Thermal hazards:

o overheating

o thermalrunaway.

Mechanical hazards:

o impactdamage (transport systems).
Risk assessment and hazard mitigation.
Importance of:

o BMSs

o protective enclosures

o safeoperating procedures.

D2 End-of-life, recycling and reuse

Battery lifespan and end-of-lifeissues.

Recycling of battery materials:

o metals

o electrolytes.

Environmental risks of improper disposal.

Second-life applications:

o reuse of electric vehicle (EV) batteries for stationary storage.

How laws and regulations can ensure responsible Life-cycle Assessment (LCA).

D3 Environmental and sustainability impacts

Environmental benefits of battery storage:

o enablingrenewable energy

o reducingfossil fueluse.

Environmental impacts:

o resource extraction

o manufacturing emissions.

Comparison of battery systems with alternative storage technologies.
Role of batteriesin net zero and decarbonisation strategies.
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Assessment criteria

Learning aim A: Understand battery chemistry and battery types used in energy
storage and transport applications

Learning aim B: Be able to design battery energy storage systems for stationary

and transport uses

N

A.P1Describe the basic
operating principles of
rechargeable batteries.

A.P2 Explain different
battery chemistries and
theirapplicationsin energy
storage and transport
systems.

A.M1Explainhow battery
chemistry influences
performance, lifespan
and suitability for
different applications.

B.P3 Carry out battery
energy storage system
designing to meet given
energy and power
requirements. [EL - CL]

B.P4 Select appropriate
battery configurations and
system components for

a given application.

B.M2 Explain how
design constraints and
compromisesinfluence
battery energy storage
system design.

AB.D1Analyse how battery
chemistry, system design
and operating conditions
affect the performance and
reliability of battery energy
storage systems.
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Learning aim C: Understand charging, discharging and performance
characteristics of battery systems

Learning aim D: Be able to determine safety, recycling and environmental impacts
of battery energy storage systems

e e fEes

C.P5 Describe charging and
discharging characteristics
of battery energy storage
systems.

C.P6 Examine factors that
affect battery performance
and degradation.

C.M3 Explain how variations
in charging methods and
operating conditions
impact battery efficiency,
performance and longevity.

D.P7 Describe safetyrisks
associated with battery
energy storage systems.

D.P8 Explainrecycling,
reuse and environmental
considerations for battery
systems.

D.M4 Explain how safety
and environmental
considerationsinfluence
battery system design
and operation.

CD.D2Evaluate the
sustainability of battery
energy storage systems,
considering safety,
recycling and environmental
impacts across stationary
and transport applications.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CLV IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaims: CandD(C.P5,C.P6,D.P7,D.P8,C.M3,D.M4,CD.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Battery hardware and models: representative cells, modules or training packs
(lead-acid, lithium-ion/LFP equivalents) and schematic cutaway diagrams to
support understanding of structure, chemistry and applications.

e Designand calculationtools: specification data sheets, load profiles, calculators or
spreadsheets to support system sizing, configuration and degradation allowances.

¢ Monitoring and safety resources: BMS demonstrations, safety guidance,
risk-assessment templates and case studies of stationary and transport BESS.

e Lifecycle andimpact materials: authoritative resources onrecycling, second-life use,
environmental impacts and net zero context for battery energy storage.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, students demonstrate anintegrated and analytical
understanding of the relationships between battery chemistry, system design and
operating requirements. Evidence shows well-reasoned evaluation of how different
chemistries behave under varying conditions and how these behaviours influence overall
systemreliability and performance. Design outcomes are coherent, realistic and clearly
optimised fortheirintended application, with trade-offs explicitly examined and justified.
Students compare alternative approaches and explain why selected solutions best meet
technical and operational needs. System designs reflect professional-level thinking,
considering constraints such as redundancy, maintenance, safety margins and long-term
performance. Calculations, explanations and conclusions are consistently accurate and
supported by logical reasoning, showing confident application of knowledge across
unfamiliar or more complex design scenarios.

For Merit standard, students present a more developed understanding of how battery
chemistry influences performance, lifespan and suitability across stationary and transport
applications. Evidence shows a clear explanation of why particular chemistries are
preferable for given use cases, supported by consideration of factors such as energy
density, safety, cyclelife and cost. System design work demonstrates competent

sizing and component selection that reflects realistic operating requirements, including
allowances for degradation and practical constraints. Students justify design choices and
show awareness of compromises, such as balancing performance against lifespan or cost.
Explanations move beyond description to link electrochemical principles with design
decisions. Calculations and configurations are accurate and contextualised, indicating that
students are interpreting design requirements rather than simply following instructions.
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For Pass standard, students demonstrate a secure foundational understanding of how
rechargeable batteries operate and how different battery chemistries are usedin energy
storage and transport contexts. Evidence typically shows accurate identification of key
components, processes and characteristics, alongside straightforward selection of
battery types for defined applications. Design evidence includes basic system sizing and
configuration activities that meet the stated energy and power requirements, with correct
use of series and parallel arrangements. Students’ designs are generally functional and
appropriate, though they rely heavily on provided parameters and simplified assumptions.
Explanations remain descriptive, with limited linkage between chemistry choice and system
performance. Calculations, where present, are correct but not extended orjustified.
Overall, evidence shows that the student can apply taught principles to familiar contexts
in a structured way, but without deeper evaluation of compromises or constraints.

LearningaimsBand C

For Distinction standard, students evaluate the sustainability of battery energy storage
systems by integrating performance behaviour, safety management and lifecycle
environmentalimpacts. Evidence shows balanced consideration of benefits and
limitations, such as enabling renewable energy while accounting for material extraction,
degradation and end-of-life challenges. Students compare approaches across stationary
and transport applications, highlighting how differing duty cycles and operating
environments affect sustainability aims. Safety, recycling and environmental factors

are analysed asinterconnected elementsratherthanisolated topics. Judgements are
supported with clearreasoning andrelevant examples, demonstrating depth of
understanding and the ability to apply principles to complex or unfamiliar scenarios.
Conclusionsreflect informed evaluation aligned to real-world energy and decarbonisation
contexts.

For Merit standard, students explain how charging strategies, operating conditions and
system management influence performance, lifespan and safety. Evidence demonstrates
understanding of how factors such as temperature, charge rate and depth of discharge
affect degradation andreliability. Students explain how safety and environmental
considerations shape operational decisions and system design, including the role of
monitoring and control systems. Recycling, reuse and sustainability are discussed with
referencetolifecycle impacts andregulatory expectations. Responses show clear cause-
and-effectreasoning, linking technical operation to performance outcomes and wider
environmental implications. Students use examples from both stationary and transport
contexts to support their explanations, indicating confident interpretation rather than
simplerecall.
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For Pass standard, students provide clear descriptions of how battery systems charge
and discharge and identify key factors that affect performance and degradation.
Evidence shows understanding of terms such as state of charge, depth of discharge and
basic charging methods, alongside recognition of common safety risks and end-of-life
issues. Students describe some environmental considerations andrecyclingroutesina
general but accurate manner. Responses demonstrate awareness of safe operationand
the need forresponsible disposal orreuse, though explanations tend to be surface-level.
Links between operating conditions, performance outcomes and safety or environmental
impacts are limited. Overall, evidence shows that students canrecognise and describe
important characteristics andrisks, but with minimal interpretation of how these factors
interactinreal-world systems.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-CarbonHeating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.

e Unit22: Low andZero Carbon Transport Systems.
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Unit17: Smart Energy Systems and Building Efficiency

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore smart energy systems, digital grids, sensors and data analysis, alongside
building efficiency, cybersecurity and data ethics.

Unitintroduction

This unitisrelevant to the modern energy sector, where digitalisation, data and smart
technologies are reshaping how energy is generated, distributed and consumed. Students
benefit from understanding how smart energy systems support efficiency, resilience and
decarbonisationin buildings and wider energy networks. The unit equips students with the
knowledge and practical insights needed to interpret real-world energy data, understand
systeminteractions and appreciate the ethical responsibilities associated with digital
energy use.

The unit covers abroad and balanced range of content, from the principles of smart grids
and digital energy systems to the practical use of sensors and energy monitoring tools.
Students examine how energy is used in buildings, assess efficiency measures and evaluate
improvement options. The unit also addresses cybersecurity, data protection and ethical
considerations, ensuring students understand both technical and responsible system
operation across domestic and non-domestic contexts.

Successful completion supports progression to further study in energy, engineering

or sustainability-related disciplines. The unit also develops transferable skills valued in
employment, including datainterpretation, analytical thinking and professional judgement,
preparing students for roles within the evolving smart energy and building management
sectors.

Learning aims

In this unit, you will:

A Understand smart grids and digital energy systems

B Beabletousesensors, dataand energy monitoring tools

C Beabletoassess building energy efficiency measures

D Understand cybersecurity and data ethicsin smart energy systems.
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Summary of unit

Key content areas Assessment approach

A Understand smart grids
and digital energy systems

AlTraditional and smart
energy systems
A2 Smart grids

A3 Digital energy systems
and applications

B Be able to use sensors,
data and energy monitoring
tools

B1Sensors and
measurement devices

B2 Energy monitoring and
data collection

B3 Data analysis and
interpretation

Smart energy systemand
building energy data
investigation.

C Be able to assess building
energy efficiency measures

C1Energy usein buildings

C2 Building fabric and
system efficiency measures

C3 Assessing building
energy efficiency

D Understand cybersecurity
and data ethicsin smart
energy systems

D1Cybersecurity in smart
energy systems

D2 Data protection
and privacy

D3 Data ethics and
responsible use

Building efficiency
improvements and smart
energy system evaluation,
considering performance
data, cybersecurity and
ethical responsibilities.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand smart grids and digital energy systems

How digital technologies are transforming energy generation, distribution and
consumption.
AlTraditional and smart energy systems
e Overview of traditional electricity networks:
o centralised generation
o one-waypower flow.
e Limitations of traditional grids:
o limited visibility
o difficultyintegratingrenewables
o technicallimitations (fault detection, frequency stability, scalability challenges).
e Definitionandreasons forsmart energy systems.
¢ Role of digitalisationin modern energy networks.

A2 Smart grids

e Keyfeatures of smart grids:
o two-waypowerflow
o real-time monitoring
o automated control

o systemintegration(smart grids’reliance on devices and systems working together
across different platforms and manufacturers).

e Components of asmart grid:
o Smartmeters
o sensors and communication networks, and data systems
o controlcentres.
e Benefits of smart grids:
o improved-reliability
o integration of renewable energy
o demand-side management.
e Challenges andlimitations:
o cost
o complexity
o cybersecurityrisks.
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A3 Digital energy systems and applications:
e Role of digitaltechnologiesin energy systems:
o dataanalytics
o automation
o uses of artificialintelligence.
e Examples of digital energy applications:
o demandresponse
o Vvirtual power plants
o smartchargingforelectric vehicles.
e Interaction between smart grids, renewable energy and energy storage systems.
e Contribution of smart systems to net zero targets.

e Flexibility markets (how modern energy systems value the ability to shift or adjust
demandinresponse to grid conditions).

Learning aim B: Be able to use sensors, data and energy monitoring tools

Practical skillsin collecting, analysing and interpreting energy data to support efficiency
and system optimisation.
B1Sensors and measurement devices:
e Purpose of sensorsin energy systems.
e Commonsensortypes:
o temperature
o electrical currentandvoltage
o powerandenergy meters
o OCcupancy sensors.
e Smartmeters:
o functionsanddatacollected.
e Accuracy, resolution andreliability of sensors.

B2 Energy monitoring and data collection:
e Energy monitoring systems for buildings:
o electricity
o heating.
e Datalogging andremote monitoring.
e Datatypes:
o real-timedata
o historical data.
e Frequency of data collectionanditsimportance.
e Identifyingandinterpreting anomalies and unusual energy use.
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B3 Data analysis and interpretation:
e Organisingdatausing:

o tables

o graphs.

|dentifying trends and patterns:
o daily
o weekly
o seasonal.

Comparing energy performance:
o beforeand after efficiency measures.

Using datatoinform decisions:
o operational changes
o maintenance needs.

Limitations of data, assumptions and measurement uncertainty.

Learning aim C: Be able to assess building energy efficiency measures

How buildings use energy and evaluate measures to improve efficiency and reduce
carbon emissions.
C1Energy use in buildings:
e Typicalenergy usesinbuildings:

o space heatingand cooling

o hotwater

o lighting

o appliances and equipment.
e Differences between domestic and non-domestic buildings.
e Factorsinfluencing building energy performance:

o building fabric

o occupancy behaviour

o controlsand systems.

C2 Building fabric and system efficiency measures:
e Fabric efficiency measures:

o insulation

o glazing

o airtightness.
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e Building services efficiency measures:
o efficientlighting
o heatingandcooling systemupgrades
o controls and automation.
¢ Roleof smarttechnologiesin efficiency:
o smartthermostats
o automatedlighting.
e Interaction between efficiency measures and renewable technologies.

C3 Assessing building energy efficiency:

Purpose of an energy efficiency assessment.
Methods of assessment:

o energy audits
o benchmarking.

Key performance indicators:
o energyuseperarea
o peakdemand.

Prioritising efficiency measures:
o cost
o easeofimplementation
o energy and carbon savings.

Presentingrecommendations clearly to building users.

Learning aim D: Understand cybersecurity and data ethics in smart energy
systems

Risks associated with digital energy systems and ethical responsibilities when handling
energy data.

D1Cybersecurity in smart energy systems:

Importance of cybersecurity in digital energy infrastructure.
e Typesof cyberthreats:

o unauthorised access

o datamanipulation

o systemdisruption.
e Vulnerabilitiesin:

o Ssmartmeters

o building management systems

o gridcontrol systems.
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e Basic cybersecurity measures:
o accesscontrols
o softwareupdates
o network segmentation.

D2 Data protection and privacy:
e Typesof datacollected by smart energy systems:
o energy consumption patterns
o occupancyindicators.
e Risksto privacy from detailed energy data.
e Principles of data protection:
o confidentiality
o integrity
o availability.
e Responsibilities of organisations handling energy data ethically and securely.

D3 Data ethics and responsible use:
e Ethical considerationsin data collection and use within smart energy systems.
e Informedconsent and transparency.
e Fairandresponsible use of data:
o avoiding misuse
o preventing discrimination.
e Balancinginnovation with privacy and security.
e Role of ethicsin building user trustin smart energy systems.
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Assessment criteria

Learning aim A: Understand smart grids and digital energy systems

Learning aim B: Be able to use sensors, data and energy monitoring tools

A.P1Describe the main
features of smart grids

and digital energy systems.

A.P2 Explain how

smart grids support the
integration of renewable
energy and demand
management.

A.M1Explain how digital
technologiesimprove the
monitoring, controland
efficiency of modern
energy systems.

B.P3 Use sensors or
monitoring tools to collect
energy data. [EL - PRS]
B.P4 Present energy data
using appropriate tables
orgraphs.

B.M2 Explain how energy
data canbeusedtoidentify
inefficiencies and improve
system performance.

N

AB.D1Analyse how smart
grid technologies and data
monitoring systems interact
to improve building and
energy system
performance.
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Learning aim C: Be able to assess building energy efficiency measures

Learning aim D: Understand cybersecurity and data ethics in smart energy

systems

Pass

C.P5 Describe energy
efficiency measures
applicable to buildings.

C.Pé6 Carry out abasic
assessment of building
energy efficiency and
identify improvement
measures.

Merit

C.M3 Explain how energy
efficiency measuresreduce
energy use and carbon
emissionsin buildings.

D.P7 Describe
cybersecurity risks
associated with smart
energy systems.

D.P8 Describe ethical and
privacy considerations
when handling energy data.

D.M4 Explain how
cybersecurity and data
ethicsinfluence the design
and operation of smart
energy systems.

Distinction

BC.D2 Evaluate the
effectiveness of building
energy efficiency measures,
using energy data, linking to
data security, privacy and
ethical responsibilities.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL-PRSV IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims:AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.DJ).
e Learningaims:Band C(C.P5,C.P6,D.P7,D.P8,C.M3,D.M4,CD.D2).

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 253



Unit17: Smart Energy Systems and Building Efficiency

Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Smart energy system exemplars: access to smart grid case studies, smart meters,
demand-response and digital energy system demonstrations toiillustrate system
operation andintegration.

e Monitoring and datatools: basic sensors, energy meters, dataloggers or simulation
software, with spreadsheet or graphing tools for data handling and analysis.

e Building efficiency reference materials: building plans, energy audit templates,
benchmarking data and guidance on fabric, services and control efficiency measures.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, students present coherent analytical evidence thatintegrates
smart grid technologies with energy monitoring data to evaluate real-world system or
building performance. They synthesise knowledge of digital infrastructure, control systems
and data analytics, demonstrating how these elements interact to deliver measurable
performance improvements. Evidence shows students selecting relevant datasets,
critically interpreting patterns over time, and explaining impacts on efficiency, flexibility
andreliability. Judgements are well-reasoned, balancing technical benefits against system
constraints such as cost, complexity or cybersecurity risk. Students clearly articulate how
insights derived from data could influence strategic or operational decisions. Achievement
at thislevel demonstrates confident systems thinking and a strong ability to evaluate digital
energy solutions using evidence-based reasoning.

For Merit standard, students show a secure understanding of how digital technologies
and data monitoring improve energy system and building performance. Evidence
demonstrates explanation rather than description, with students linking smart grid
functions toimprovements in efficiency, responsiveness orintegration of variable
energy sources. Data collected using sensors or monitoring toolsis interpreted to
identify inefficiencies, trends or abnormal patterns, with clearreasoning. Students justify
how specific datasetsinform operational decisions, such as system optimisation or
opportunities for energy reduction. Visual data presentationis purposeful and directly
supports conclusions drawn. At this level, students demonstrate growing analytical
confidence by connecting digital infrastructure, monitoring capability and performance
improvement, while recognising limitations such as data accuracy orresolution.
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For Pass standard, students provide accurate, structured evidence showing a foundational
understanding of how smart grids and digital energy systems operate alongside basic
use of energy monitoring tools. Evidence typically includes clear descriptions of system
features, supported by appropriately selected examples of sensors, smart meters or
monitoring outputs. Students collect energy data using suitable tools and present it
clearlyin tables or graphs, demonstrating correct data handling rather than depth of
interpretation. Explanations remain mostly descriptive, showing that students recognise
how digital systems enable monitoring, renewable integration and demand management.
Practical evidence confirms that monitoring tools have been used correctly and safely,
with relevant data for the system or building context provided. Overall, achievement

at this level shows competent engagement with digital energy concepts and accurate
presentation of collected data, with limited analysis or linkage between system design
and performance outcomes.

Learningaims Band C

For Distinction standard, students offer evaluative evidence that weighs the effectiveness
of building energy efficiency measures while critically considering data security, privacy
and ethical responsibility. Assessments are interpreted to justify strategic improvement
decisions, supported by reasoned comparison of options and anticipated outcomes.
Students demonstrate mature judgement by balancing energy and carbon benefits
against practical constraints and digital risks. Cybersecurity and ethical considerations

are embedded throughout the evaluation, not treated as separate issues, demonstrating
anintegrated understanding of smart building operations. Evidence reflects professional-
level thinking, with students presenting clear, justified conclusions suited to building
owners, users or system managers.

For Merit standard, students generate reasoned explanations linking energy efficiency
measures to reductionsin energy use and carbon emissions, supported by assessment
findings. Evidence shows students justifying selected improvement measures based on
performance indicators, feasibility or potentialimpact. Cybersecurity and data ethics are
integratedinto explanations, with students explaining how these considerations influence
system design or operation. Students demonstrate awareness of how data sensitivity,
access controls and ethical use affect trust and system effectiveness. Recommendations
are clearly prioritised and communicated, showing balanced consideration of technical,
operational and ethical factors.
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For Pass standard, students demonstrate sound awareness of how energyisusedin
buildings and the range of measures that canimprove efficiency. Evidence typically
includes abasic assessment of a building’s energy performance, identifying priority

areas such as fabric, services or controls. Students also show understanding of
cybersecurity and ethical issues associated with smart energy data, recognising
commonrisks and responsibilities when handling energy information. Recommendations
arerelevant andrealistic but largely descriptive, focusing on what could be improved rather
than why. Ethical and security considerations are acknowledged in general terms, showing
that students understand the need to protect data andrespect privacy when using smart
technologies.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit5: Scientific Principles for Energy Systems.

e Unit14: Biomass and Biofuel Energy Systems.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 18: Low-Carbon Heating Technologies

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore heat pumps, district heating, installation, controls and performance
analysis. They develop an understanding of low-carbon heating design, carbon reduction
and system evaluation through applied technical knowledge and realistic energy contexts.

Unitintroduction

This unitis highly relevant to the real-world transition to low-carbon heating and net zero
targets. Students benefit from understanding how technologies, such as heat pumps
and district heating systems, regulate building thermal demand (heating and, where
applicable, cooling) while reducing greenhouse gas emissions. The knowledge gained
enables students to make informed decisions in domestic, commercial and urban energy
contexts and develop awareness of practical sustainability challenges.

The unit covers both theoretical and applied content. Students explore the operating
principles and performance of heat pumps, alongside the design and operation of district
heating and heat networks. They examine installation requirements, control strategies,
commissioning processes and methods for measuring carbon reduction and analysing
system performance.

Completion of this unit supports progression to further study inrenewable energy,
building services engineering or sustainability-related pathways. It also prepares students
foremployment orapprenticeships inlow-carbon heating, energy management or
infrastructure roles by developing technically grounded and transferable skills.

Learning aims

In this unit, you will:

A Understand the use of heat pumps and their system operation
B Understand district heating and heat networks

C Beabletodetermineinstallation requirements and control strategies forlow-carbon
heating systems

D Beabletomeasure carbonreduction and carry out performance analysis of low-carbon
heating systems.
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Summary of unit

Key content areas Assessment approach

A Understand the use of
heat pumps and their
system operation

AlPrinciples of heat pump
operation

A2 Types of heat pumps

A3 Heat pump performance
and system efficiency

B Understand district
heating and heat networks

B1Principles of district
heating

B2 Heat network
components

B3 Advantages and
challenges of heat networks

Assessment uses tasks
comparing heat pump and
district heating systems,
requiring students to explain
operation, components,
performance influences,
advantages and challenges
using real-world technical
contexts and applied
scenarios.

CBeabletodetermine
installationrequirements
and control strategies for
low-carbon heating
systems

Clinstallationrequirements

C2 Controls and system
operation

C3 Commissioning and
handover

D Be able to measure
carbonreductionand carry
out performance analysis
of low-carbon heating
systems

D1Carbon emissions and
heating

D2 Measuring carbon
reduction

D3 Performance analysis

Assessment uses applied
tasks forstudentsto
interpretinstallation
requirements, justify control
strategies and analyse
performance and carbon
data, demonstrating
effective system operation,
optimisation and evaluation
withinrealistic low-carbon
heating scenarios.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand the use of heat pumps and their system operation
How heat pumps operate and why they are a key low-carbon heating technology.

A1l Principles of heat pump operation
e Heatpumpsaslow-carbonheating systems.

e Heatpump operationto provide cooling, through transfer of heat
fromindoorspaces to external environment.

e Transferof thermal energyratherthan direct heat generation.
e Basicvapourcompression cycle (qualitative):
o evaporator
o compressor
o condenser
o expansiondevice.
e Roleof electricity in heat pump operation.
e Comparison with conventional fossil-fuel boilers.

A2 Types of heat pumps
e Airsource heat pumps (ASHP):
o air-to-watersystems

o air-to-airsystems, includingreversible operation for heating and cooling
of indoor spaces.

e Groundsource heat pumps (GSHP):
o horizontal groundloops
o Vverticalboreholes.
e Watersource heat pumps (overview).
e Advantagesand limitations of eachtype:
o efficiency
o installation complexity
o spacerequirements
o cost.

A3 Heat pump performance and system efficiency
e Coefficient of performance (COP).

e Seasonal performance factor (SPF), cooling performance inreversible systems,
including efficiency considerations and seasonal use.
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e Factors affectingheat pump performance:
o sourcetemperature
o heatdistribution system temperature
o buildingheatdemand.
¢ Importance of low-temperature heat distribution:
o underfloorheating
o oversizedradiators.

Learning aim B: Understand district heating and heat networks

How heat can be generated centrally and distributed efficiently to multiple buildings.

B1 Principles of district heating
e Definition of district heating and heat networks.
e Centralised heat generation and distribution.
e Difference betweenindividual heating systems and heat networks.
e Typicalheat sources:
o heatpumps
o combinedheatand power(CHP)
o waste heat
o overview of biomass.

B2 Heat network components
e Heatgenerationplant.
e Distribution pipework:
o flowandreturncircuits
o insulation.
e Heatinterface units (HIUs).
e Pumpsandcontrol systems.
e Heatmeters and monitoring equipment.

B3 Advantages and challenges of heat networks
e Advantages:
o improved system-level efficiency
o ability touse low-carbon and waste heat sources
o reducedemissions at building level.
e Challenges:
o highinstallation costs
o disruptionduringinstallation
o heatlossesindistribution.
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e Suitability for:
o residentialdevelopments
o campuses
o lightindustrial estates.

Learning aim C: Be able to determine installation requirements and control
strategies forlow-carbon heating systems

How low-carbon heating systems are installed, controlled and commissioned to ensure
safe and efficient operation.
Cllinstallation requirements
e Site assessment considerations:
o spacerequirements
o access
o noise constraints (heat pumps).
e Electrical supply requirements:
o powerdemand
o upgrades.
e Hydraulic system considerations:
o pipesizing
o buffertanksandthermal stores.
e Integrationwith existing heating systems (retrofit).

C2 Controls and system operation
e Purpose of controlsin heating systems.
e Controlstrategies:
o thermostats
o weathercompensation
o timescheduling.
e Zoning and temperature control.
e Importance of correct control setup for efficiency and comfort.
e Userinteraction with controls.

C3 Commissioning and handover
e Purpose of commissioning:

o safety

o performance verification.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 261



Unit18: Low-Carbon Heating Technologies

e Typical commissioning checks:

o flowrates

o temperatures

o controlsettings.
e Importance of documentation and user guidance.
¢ Role of maintenanceinlong-term performance.

Learning aim D: Be able to measure carbonreduction and carry out performance
analysis of low-carbon heating systems [SP - PS]

How low-carbon heating systems reduce emissions and assess their real-world
performance.
D1 Carbon emissions and heating
e Carbonemissions associated with:
o gasheating
o oilheating
o electric heating.
e Operational emissions of heat pumps and heat networks.
e Influence of electricity grid carbonintensity.
e Comparison of carbon emissions between technologies.

D2 Measuring carbon reduction
e Estimating carbon savings:
o before-and-aftercomparisons
o annualenergy use comparisons.
e Factorsinfluencing carbonreduction:
o system efficiency
o userbehaviour
o controlstrategies.
e Limitations of carbon calculations (overview).

D3 Performance analysis

e Monitoring system performance:
o energyinput
o heatoutput.

e |dentifying performanceissues:
o shortcycling
o incorrect control settings
o insufficient heat emitters.
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e Usingperformance datato:
o optimise system operation
o informmaintenance needs.
e Roleof performance analysisin meeting net zero targets.
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Assessment criteria

Learning aim A: Understand the use of heat pumps and their system operation

Learning aim B: Understand district heating and heat networks

N

A.P1Describe how heat A.M1Explainhow system AB.D1Analyse how heat
pumps operate and design and operating pump or heat network design
transfer heat. conditions affect heat andinstallationinfluence
A.P2 Examine different pump performance. system efficiency and

types of heat pumps carbonreduction.

and their applications.

B.P3 Describe the B.M2 Explain why district
principles and components | heating systems are suitable
of district heating systems. | for certain building types
B.P4 Describe advantages | andlocations.

and challenges associated
with heat networks.
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Learning aim C: Be able to determine installation requirements and control
strategies forlow-carbon heating systems

Learning aim D: Be able to measure carbon reduction and carry out performance
analysis of low-carbon heating systems

e e fEes

C.P5 Describe installation
requirements forlow-
carbon heating systems.

C.Pé6 Describe control
methods used to manage
low-carbon heating
systems.

C.M3 Explain how
installation quality and
control strategies affect
system efficiency and user
comfort.

D.P7 Describe how low-
carbon heating systems
reduce carbon emissions.

D.P8 Describe methods
usedto assess system
performance and carbon
savings.

D.M4 Explain how
performance data canbe
usedtoimprove carbon
reduction outcomes.

CD.D2Evaluate the
effectiveness of alow-
carbon heating solution
using performance and
carbondatainagiven
application.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY -TPR EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS - V&NC SP-PS*
MY - COP EL- SRS IS-T SP - C&l
MY - PGS EL-PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaims: CandD(C.P5,C.P6,D.P7,D.P8,C.M3,D.M4,CD.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Heatpump trainingresources: cutaway diagrams or training rigs, system schematics,
and manufacturer datasheets for ASHP, GSHP and heat networks.

e Controls and monitoring equipment: thermostats, weather-compensation controllers,
heat meters and basic data-logging or monitoring interfaces.

e Measurement and analysis tools: electrical energy meter, temperature sensors,
flow diagrams and calculation worksheets for carbon and performance analysis.

Essential information for assessment decisions

Learningaims Aand B

For Distinction standard, students demonstrate a secure and detailed understanding

by analysing how system design and installation decisions influence both efficiency

and carbon outcomes. Their evidence integrates multiple factors, such as operating
temperatures, distribution systems and network scale, to justify conclusions about system
performance. Students compare heat pumps and heat networks, weighing the benefits and
limitations in specific scenarios. Explanations go beyond taught examples, demonstrating
independentreasoning and clear cause-and-effect relationships. Judgements are
supported by technically accurate explanations rather than assertions. Students
communicate findings clearly and professionally, showing a depth of understanding
suitable forapplied technical contexts.

For Merit standard, students present coherent explanations that link system design
choices to operational performance and suitability. Their work shows how factors such as
source temperature, heat emitters and building type influence the effectiveness of heat
pumps and district heating systems. Students compare technologiesin a structured way,
explaining why particular systems are appropriate for specific settings such as residential
developments or campuses. Evidence demonstrateslogical reasoning and applies
knowledge to contextual examples rather than simple descriptions. Students recognise
constraints, such asinstallation complexity or heat losses, and explain how these affect
real-world performance. Overall, explanations show developing analytical skilland clearer
connections between technical characteristics, efficiency and deployment decisions.
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For Pass standard, students provide essential explanations of how heat pumps

and district heating systems function, using correct terminology and simple system
descriptions. Their evidence shows an understanding of core processes such as heat
transfer, centralised heat generation and energy distribution. Students outline different
types of heat pumps and identify key components found in heat networks, demonstrating
awareness of typical applications and basic advantages. Examples may include short
comparisons between systems or brief descriptions of where each technology is
commonly used. Explanations lack depth and may rely heavily on taught material.
Students demonstrate correct understanding but do not explore interactions

between system design, operating conditions or performance outcomesin depth.

Learningaims Cand D

For Distinction standard, students evaluate the overall effectiveness of alow-carbon
heating solution using performance and carbon data in context. Theirwork synthesises
installation decisions, control strategies, commissioning outcomes and measured
performance to formjustified conclusions. Students identify limitations within the
system and explain theirimplications for efficiency, emissions and long-term operation.
Judgements are balanced, technically sound and supported by interpreted datarather
thanisolated figures. Evidence demonstratesindependent thinking and a strong
understanding of how optimisation and monitoring contribute to net zero objectives.
Communicationis precise and professional, reflecting real-world technical evaluation
practices.

For Merit standard, students explain how installation quality and control strategies
influence system efficiency, occupant comfort and carbon outcomes. Their evidence
links commissioning checks, control settings and monitoring data to observed system
performance. Students use measurements or performance information to explain how
improvements can be made such as adjusting controls or addressing inefficiencies.

They demonstrate understanding of how user behaviour and operational choices affect
outcomes. Explanations show clearreasoning and application to realistic scenarios rather
than generic descriptions. Students beginto interpret performance data, using it to justify
conclusions about effectiveness and improvement strategiesin low-carbon heating
systems.

For Pass standard, students describe key installation requirements, control methods and
commissioning activities associated with low-carbon heating systems. Evidence shows
awareness of practical considerations such as space, electrical supply and basic control
functions. Students explainin straightforward terms how low-carbon systems reduce
emissions and how performance or carbon outcomes can be measured using simple
comparisons. Descriptions are accurate but remain surface-level, with limited
interpretation of data or system behaviour. Students identify typical performance
indicators and monitoring methods, but do not explore theirinterrelationships in detail.
Work demonstrates a basic ability to follow processes and explain what is done during
installation, operation and performance assessment.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit10: The Hydrogen Energy Economy.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 19: Geothermal Energy Applications

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students explore geothermal resources, energy extraction methods and system design
forheating and electricity generation. They assess environmental impacts, limitations
and feasibility, developing knowledge applicable to low-carbon energy system career
pathways.

Unitintroduction

This unitis highly relevant to the global transition towards low-carbon energy systems and
net-zero strategies. By understanding how geothermal energy is sourced and how the
systems used are designed and evaluated, students develop insight into areliable and
weather-independent renewable technology increasingly used for heating, cooling and
electricity generation. This knowledge enables students to engage with real-world
challenges such as decarbonising buildings, improving energy security and selecting
appropriate technologies for different geographical contexts.

The unit covers the origin and distribution of geothermal resources, distinguishing
between shallow and deep systems and the methods used to extract heat sustainably.
Students explore geothermal heating and power generation systems, including design
considerations such as site conditions, system sizing and integration with other energy
technologies. Environmental benefits, risks and limitations are examined in depth, enabling
students to weigh feasibility, sustainability and impact across contrasting scenarios.

Completion of this unit supports progression to further study in green energy, engineering
and environmental science. This unit also provides sector-relevant knowledge valuedin
roles linked to energy systems design, sustainability consultancy and low-carbon project
planning.

Learning aims

In this unit you will:

A Understand geothermal resources and methods of heat extraction
B Understand geothermal system design and applications

C Beabletodetermine environmental impacts and limitations of geothermal
energy systems.
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Summary of unit

Key content areas Assessment approach

A Understand geothermal
resources and methods
of heat extraction

A1 Origin and distribution
of geothermal energy

A2 Types of geothermal
resources

A3 Heat extraction methods

B Understand geothermal
systemdesignand
applications

B1Geothermal heating
systems

B2 Geothermal electricity
generation

B3 System design
considerations

Examination of geothermal
resources, extraction
methods and system
design, using explanations,
diagrams, comparisons and
applied case study analysis.

CBeabletodetermine
environmentalimpacts and
limitations of geothermal
energy systems

C1Environmental benefits
of geothermal energy

C2 Environmental impacts
andrisks

C3Limitationsand
feasibility

Evaluation of environmental
impacts and limitations,
using case studies,
comparisons and justified
conclusions supported by
analysis of feasibility and
sustainability factors.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand geothermal resources and methods of heat extraction

The origin of geothermal energy and how heat is extracted from the Earth for heating and
electricity generation.
A1 Origin and distribution of geothermal energy

e Geothermal energy as heat fromthe Earth’sinterior (deep high grade >500m below
surface, >50°C) and heat from above earth's surface (shallow low grade 0O-500m below
surface, 10-25°QC).

e Sourcesof geothermal heat:
o radioactive decay
o residualheat from Earth formation
o sunandairtemperature (climate).
e Temperature gradient with depth.
e Geological conditions required for deep high grade geothermal resources:
o heat
o permeability
o fluidpresence.
e Globaldistribution of deep high grade geothermal resources:
o tectonic plate boundaries
o Vvolcanicregions
o other, forexample, crust thickness.
e Comparison of deep high grade geothermal potential in different regions.
« Typical shallow low grade geothermal potential dependent on surface layertypes
and climate.
A2 Types of geothermal resources
e Low-temperature shallow low grade geothermal:
o shallow ground heat
o widespread availability.
e High-temperature deep high grade geothermal:
o deepreservoirs, superhotrock energy (SHR)
o Vvolcanic andtectonic regions.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 273



Unit 19: Geothermal Energy Applications

Hydrothermal systems:

o hotwater

o steamreservoirs.

Enhanced geothermal systems (EGS) (overview):

o artificially created permeability.

Differences between shallow and deep geothermal energy systems.

A3 Heat extraction methods

Ground heat exchangers:

o horizontalloops (water-based and air-based earth tubes)
o Vverticalboreholes.

Extraction of hot water and steam from deep reservoirs.
Millimeter-wave drilling.

Supercritical carbon dioxide wells.

Use of production and reinjection wells.

Importance of reinjection for resource sustainability.

Energy losses and efficiency considerations.

Learning aim B: Understand geothermal system design and applications

How geothermal energy systems are designed and applied in different contexts.

B1 Geothermal heating systems

Ground source heat pump (GSHP) systems:

o closed-loop systems

o open-loop systems.

Heating with natural hydrothermal systems.

Integration with buildings:

o spaceheating

o hotwater

o ventilation pre-heat/ventilation cooling (earth tubes/labyrinthes).
Importance of low-temperature heat distribution systems.
Geothermal district heating.

Advantages of geothermal heating:

o reliability

o lowoperational emissions.
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B2 Geothermal electricity generation
e Principles of geothermal power generation.
e Typesof geothermal power plants (overview):
o drysteam
o flashsteam
o binarycycle.
e Suitability of different plant types to resource temperature.
e Continuous (baseload) nature of geothermal electricity.
e Comparisonwith otherrenewable electricity sources.

B3 System design considerations
e Siteinvestigationandresource assessment:
o geology
o ground conditions, soil layers
o accesstoexistinginfrastructure, including electricity grid and water sources.
e Systemsizing considerations:
o heatdemand/cooling effect
o available groundarea
o drilling depth.
e Integrationwith otherenergy systems:
o heatpumps
o districtheating

o operationallifespan and maintenance requirements, including corrosion problems
with high-temperature steam.

Learning aim C: Be able to determine environmental impacts and limitations of
geothermal energy systems

Environmental benefits, risks and constraints associated with geothermal energy systems.

C1 Environmental benefits of geothermal energy

e Low operational greenhouse gas emissions.

e Reducedairpollution compared with fossil fuels.

e Reliable, weather-independent energy supply.

e Contributionto netzero and decarbonisation strategies.
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C2 Environmental impacts and risks

e lLanduse andvisualimpacts.

e Wateruse and contamination risks.

e Release of gases and minerals (trace emissions).

e Induced seismicity associated with deep geothermal and EGS.
e Noise anddisruption during drilling and installation.

C3 Limitations and feasibility
e Site-specific nature of geothermalresources.
e Highupfront costs:

o drilling

o explorationrisk.

e Technical complexity of deep geothermal systems, including corrosion challenges,
drilling challenges and emerging solutions including Millimeter-wave drilling.

e Comparison of geothermal limitations with:
o wind
o solar
o biomass.
e Roleofregulation, monitoring and mitigation measures.
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Unit 19: Geothermal Energy Applications

Learning aim A: Understand geothermal resources and methods of heat extraction

Learning aim B: Understand geothermal system design and applications

A.P1Describe the origin
and types of geothermal
resources.

A.P2 Explain methods
usedto extract heat from
geothermalresources.

N = =

A.M1Explainhow geological
conditions affect
geothermalresource
availability and heat
extraction.

B.P3 Explain geothermal
heating and electricity
generation systems.

B.P4 Describe design
considerations for
geothermal energy
systems.

B.M2 Explain how
geothermal system design
isinfluenced by resource
characteristics and end use.

AB.D1Analyse how
geothermalresource
characteristics influence
system design and
application choices.

Learning aim C: Be able to determine environmental impacts and limitations of

geothermal energy systems

N

C.P5Describe
environmental benefits

of geothermal energy
systems. [SP - CT]

C.Pé6 Describe
environmentalimpacts and
limitations of geothermal
energy.

C.M3 Explain how
environmental risks and
limitations influence the
feasibility of geothermal
energy projects.

C.D2 Evaluate the suitability
of geothermal energy as
alow-carbon solution,
considering environmental
impacts, limitations and
sustainability.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CTvV
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaim: C(C.P5,C.P6,C.M3,C.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Basicclassroom visual aids: printed large-format geological cross-sections,
geothermal system schematics and process flow posters forreference during teaching.

e Calculation equipment: scientific calculators and shared classroom whiteboards for
demonstrating numerical comparisons, efficiencies and feasibility considerations.

e Case studies of existing geothermal sites, e.g. ground source heating system for
buildings and/or groups of buildings and high grade geothermal system forindustrial
process.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, students provide analytical, well-structured evidence that
demonstratesinformed decision-making regarding system design and application,
including heating and electricity generation systems. They evaluate how geothermal
resource characteristics shape engineering choices, economic viability and operational
performance across contrasting scenarios. Evidence shows consideration of trade-offs,
such as efficiency versus drilling depth or system complexity versus long-term reliability.
Studentsjustify choices using comparative reasoning rather thanisolated explanations,
often synthesising geological, technical and application-based factorsinto a single
argument. Conclusions are clearly supported by evidence drawn from across the content,
demonstrating breadth and depth of understanding. Responses show confident command
of subject-specific language and a professional, technically reasoned approach consistent
with real-world geothermal system planning.

For Merit standard, students present coherent explanatory evidence that links geothermal
resource characteristics to system design and application choices. They show an
understanding of how factors such as temperature gradient, permeability, fluid availability
and depthinfluence feasibility, efficiency and system configuration. Students explain why
different extraction methods or plant types are appropriate for particularresources and
enduses, rather than simply describing them. Evidence oftenintegrates multiple content
areas, such aslinking system sizing and heat demand to available ground conditions or
resource temperature. Written explanations are supported by reasoned comparisons,
structured paragraphs or annotated diagrams that demonstrate cause-and-effect
relationships. Students move beyond single examples and show consistency in

applying principles across different geothermal contexts.
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For Pass standard, students show correct use of terminology when describing geothermal
heat sources, differences between low- and high-temperature resources, and the basic
principles of ground source heating and electricity generation systems. Students apply
knowledge to familiar contexts, such as domestic heating or power plant operation,
showing awareness of how systems functionrather than why specific design decisions are
made. Diagrams, annotated schematics or short written explanations are commonly used
toillustrate extraction methods, heat exchangers or plant types. Responses remainlargely
descriptive, with limited integration between geological conditions and system design,
but demonstrate secure understanding of core concepts drawn directly from the taught
content.

Learningaim C

For Distinction standard, students present evaluative evidence that balances
environmental impacts, limitations and long-term sustainability when judging the suitability
of geothermal energy. They consider competing factors, such as carbon reduction benefits
versus local environmental risks, and justify conclusions using well-reasoned arguments.
Evidence shows critical comparison with alternative renewable options and awareness

of how monitoring, regulation and technological development influence sustainability
outcomes. Students synthesise information rather than treatingissues separately,
demonstrating mature judgement aligned with real-world environmental decision-making.
Conclusions are clearly justified, with reasoning that reflects both global decarbonisation
goals and site-specific constraints, showing depth of understanding and independent
evaluative thinking.

For Merit standard, students explain how environmental risks and limitations influence

the practical feasibility of geothermal projects. Evidence shows clear links between
environmental considerations and project decisions, such as how induced seismicity,
water management orland use constraints affect suitability at specific sites. Students
demonstrate understanding of mitigation and regulation as influencing factors rather than
listingimpactsinisolation. Comparisons with otherrenewable technologies are used to
support explanations, showing how geothermal energy’s strengths and limitations differ
by context. Responses show logical structure and develop points with supporting detail,
indicating that students caninterpret environmental information and apply it meaningfully
to project feasibility.
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For Pass standard, students clearly outline environmental benefits, impacts and limitations
associated with geothermal energy systems. Evidence shows correctidentification of
advantages such as low operational emissions and reliable energy supply, alongside
impactsincluding land use, noise or water considerations. Students describe limitations
that affect feasibility, such as site dependency or high upfront costs, using straightforward
examples. Responses typically remain descriptive, withimpacts and benefits addressed
separately ratherthan weighed against each other. Evidence may take the form of short
written sections, tables or summaries that reflect taught content accurately and use
appropriate terminology. Students show awareness of environmental considerations

but make limited connections to decision-making or wider sustainability contexts.

Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 20: Water Conservation and Management in Energy
Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Studentsinvestigate water use, efficiency and conservationin energy systems.
They analyse impacts, optimise processes and evaluate sustainability and lifecycle
considerations.

Unitintroduction

This unitis highly relevant to modern energy systems, where wateris a critical but
increasingly constrained resource. Understanding how wateris used, managed and
conserved enables students to contribute to more efficient and sustainable energy
production. This benefits students by developing practical, industry-relevant knowledge
alignedto global priorities such as resource efficiency, environmental protection and
netzero targets.

Students will explore how wateris used across arange of energy technologies, examining
demand, efficiency and the water-energy nexus. Students willmeasure and analyse water
use using appropriate metrics, identify inefficiencies and investigate optimisation
strategies. They will also study conservation approaches, treatment technologies and
monitoring systems, alongside evaluating lifecycle impacts, environmental considerations
andregulatory requirements.

This unit supports progressioninto further study in engineering, environmental science
or energy management, as well as employment in energy, utilities and sustainability roles.
It develops transferable skills in analysis, system optimisation and decision-making,
which are highly valued across technical and scientific industries.

Learning aims

In this unit you will:

A Understand water use within energy systems

B Beabletoassessand optimise wateruseinenergy systems

C Understand water conservation strategies and technologies

D Know sustainability and lifecycle impacts of wateruse in energy systems.
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Summary of unit

Key content areas Assessment approach

A Understand wateruse
within energy systems

AlWateras aresourcein
energy systems

A2 Otherkey uses of water

A3 Water demand across
energy technologies

A4 \Water-energy nexus

B Be able to assess and

B1Measurement and

Practicalinvestigation
analysingwateruseinan
energy system, applying
metrics, identifying
inefficiencies and
proposingjustified
optimisation strategies.

optimise waterusein metrics
energy systems B2 Identifyinginefficiencies
B3 Optimisation strategies
B4 System optimisation
approaches
C Understand water C1Conservationprinciples | Case study evaluation

conservation strategies
and technologies

C2Recyclingandreuse
systems

C3Treatmentand
purification technologies

C4 Monitoring, control and
integration

D Know sustainability and
lifecycle impacts of water
usein energy systems

D1Lifecycle wateruse
D2 Environmental impacts

D3 Regulatory and
compliance considerations

D4 Sustainability and net
zero context

of water conservation
technologies, analysing
lifecycle impacts,
regulatory considerations
and sustainability
performance within an
energy system context.
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Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand water use within energy systems

Al Water as aresource in energy systems
¢ Unique physical and chemical properties of water:
o heattransfercharacteristics: specific andlatent heat capacities
o electrochemical characteristics: solvent properties and electrolysis.

o Rolesof water: energy transfer, cooling, steam generation, kinetic and gravitational
energy, cleaning, processing, fuel extraction.

e Waterasaconstrained operational resource.
e Linkto system efficiency andreliability.

A2 Other key uses of water

e Freshwaterdrinking waterusing potable water, desalination.
e Wastewater.

e Agriculturalusesincludingirrigation.

A3 Water demand across energy technologies
e Thermal generationand cooling demand in energy production
e Waterconsumption by power generation technologies:

o conventional fossil fuel-based power generation

o nuclearpowergeneration

o solarpowergeneration

o hydroelectric power generation and storage

o geothermal power generation.

e Watercoolinginapplicationsincluding heavy industry and microprocessor-based
data centres.

e Hydrogen production: electrolysis feedwater and purity requirements.
e Bioenergy andindustrial systems water use.

e Desalinationinstalations and their links to power generation.

e Comparative context across technologies.

A4 Water-energy nexus

¢ Interdependence betweenwaterand energy systems.
e Resource competitionandregional pressures.

e Linkstoresilience (drought, climate variability).
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Learning aim B: Be able to assess and optimise water use in energy systems

B1Measurement and metrics

e Waterwithdrawal versus consumption versus discharge.

e Efficiencyindicators(e.g. waterintensity per energy output).
e Useof flowratesand systembalances.

B2 Identifying inefficiencies

e Losses:leaks, evaporation, blowdown.

e Inefficient cooling or process control.

e Poormaintenance impacts.

e Mismatchbetween supply and demand.

B3 Optimisation strategies

e Processoptimisation and operational control.
e Cooling systemselection andimprovement.
e Maintenance andleak detection planning.

B4 System optimisation approaches

e Watermapping of energy systems.

e Prioritising high-use processes.

e Balancing efficiency, cost and performance.

o Use of artificial intelligence in optimisation of system design, matching of supply with
demand, maintenance and leak detection planning.

Learning aim C: Understand water conservation strategies and technologies

C1Conservation principles
e Hierarchy: avoid > reduce > reuse > recycle.
e Demandreductionin operational settings.

C2Recycling and reuse systems
e Closed-loop systems.

e Condensaterecovery.

e Greywaterapplications.

C3 Treatment and purification technologies

e Filtration, softening, demineralisation (conceptual).
e Disinfectionand contaminant control.

e Managing discharge quality.
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C4 Monitoring, control and integration

e Smart monitoring approaches (sensors, logging).

e Control systems forefficient use.

e Integration of conservation technologiesinto energy systems.

Learning aim D: Know sustainability and lifecycle impacts of wateruse in
energy systems

D1Lifecycle wateruse
e Stages: abstraction > use > discharge/reuse.
e Embeddedand operational waterimpacts.

D2 Environmental impacts

e Thermalpollution and ecosystem effects.
e Chemical contaminationrisks.

e Waterstressandlocalimpacts.

D3 Regulatory and compliance considerations

e Abstractionlicensing and discharge consents.
e Monitoring requirements and thresholds.

e Role of compliance in system design.

D4 Sustainability and net zero context

e Watermanagementin sustainable energy systems.
e Trade-offs: energyversus wateruse.

e Resourceresilience andlong-term planning.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026 287



Unit 20: Water Conservation and Management in Energy Systems

Assessment criteria

Learning aim A: Understand water use within energy systems

Learning aim B: Be able to assess and optimise water use in energy systems

N =

A.P1Explainhow wateris
usedinenergy systems,

including key processes

andresourceroles.

A.P2 Describe water
demand across different
energy technologies and
the concept of the
water-energy nexus.

A.M1Explainhow energy

system type and operating
conditionsinfluence water
demand andresource use.

B.P3 Measure and describe
wateruse using appropriate
metrics, including
withdrawal, consumption
and efficiency indicators.
[MY - TPR]

B.P4 Identify common
inefficiencies and outline
strategies toreduce water
useinenergy systems.

B.M2 Explain how
optimisation strategies
improve water efficiency
while affecting cost,

performance and reliability.

AB.D1Analyse an energy
system by mapping water
use andidentifyingjustified
optimisation strategies
based on system
performance and
constraints.
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Learning aim C: Understand water conservation strategies and technologies

Learning aim D: Know sustainability and lifecycle impacts of water use in

energy systems

Pass

C.P5 Explainwater
conservation strategies and
technologies usedin energy
systems.

C.P6 Describe monitoring
and control methods used
tomanage wateruse.

Merit

C.M3 Explain how
conservation and treatment
technologies are appliedto
improve water efficiency
and system performance.

D.P7 Describe lifecycle
stages of wateruse and
associated environmental
impactsin energy systems.

D.P8 Outline basic
regulatory and sustainability
considerations for water
management.

D.M4 Explain how lifecycle
impacts, regulatory
requirements and
sustainability considerations
influence water
management decisions.

Distinction

CD.D2 Evaluate water
management approachesin
an energy system, justifying
technology selection

and assessing lifecycle,
environmental and
operationalimpacts.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY -TPRV EL-MOL IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaims: CandD(C.P5,C.P6,D.P7,D.P8,C.M3,D.M4,CD.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

¢ Flow measurement and monitoring equipment (flow meters, pressure gauges, data
logging sensors) to quantify water use and support system analysis.

e Bench-scale watertreatment kits (filtration, demineralisation and basic purification
apparatus) to demonstrate conservation and treatment processes.

e Energy system models or simulation software to map water flows, identify inefficiencies
and test optimisation strategies.

e Laboratory glassware and testing tools (turbidity tubes, pH meters, conductivity meters)
to assess water quality andlifecycle impacts.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, students produce detailed and systematic analyses of wateruse
within a selected energy system, integrating mapping techniques to show flows, losses and
key demand points. They apply quantitative and qualitative evidence to justify optimisation
strategies, demonstrating clear reasoning based on system constraints, operational
priorities and performance requirements. Students synthesise information from multiple
sources to evaluate the effectiveness of different approaches, considering efficiency,
reliability and sustainability in combination. Their work shows a high level of precisioninthe
use of metrics and a strong ability to interpret system behaviour under varying conditions.
Conclusions are well supported, demonstrating critical understanding of how water
management decisions impact overall system performance and long-termresource
efficiency.

For Merit standard, students develop coherent explanations that link system type, scale
and operating conditions to variations in water demand and performance. They interpret
water-use data to explain patterns, trends and inefficiencies, accurately selecting and
applying appropriate metrics. Students explain how specific optimisation strategies,
such asimproved cooling technologies or enhanced maintenance regimes, influence
system performance, demonstrating understanding of trade-offs between water
efficiency, cost and operational reliability. Their analysis shows an ability to connect
different aspects of system performance, including resource constraints and
environmental considerations. Evidence is supported by relevant technical reasoning
and may include comparative analysis across energy technologies, demonstrating an
integrated understanding of how water use can be effectively assessed and improved.
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For Pass standard, students present clear and structured accounts of how wateris used
across different energy systems, showing awareness of key processes such as cooling,
steam generation and hydrogen production. They use appropriate terminology to outline
variations in water demand between technologies and recognise the interdependence
betweenwaterand energy resources. Students apply basic measurement approaches,
using relevant metrics such as withdrawal and consumption, and demonstrate these
through simple calculations or datainterpretation. They identify common sources of
inefficiency, including leaks and evaporative losses, and outline realistic approaches to
reducing water use within defined system contexts. Their work shows logical organisation
and sufficient technical detail to demonstrate understanding, supported by relevant
examples or data drawn from studied systems.

Learningaims Band C

For Distinction standard, students evaluate water management approaches within energy
systems by critically assessing the suitability of different conservation and treatment
technologies. They justify selections based onlifecycle impacts, operational requirements
and environmental performance, showing a clear understanding of trade-offs between
efficiency, cost and sustainability. Students integrate knowledge of regulatory
frameworks, environmental constraints and system design considerations to form
well-reasoned conclusions. Their evaluation demonstrates depth, drawing together
monitoring data, lifecycle analysis and broader sustainability priorities such as net zero
objectives. Evidence shows a high level of synthesis, with students articulating how water
management strategies contribute to resilient, efficient and environmentally responsible
energy systems, supported by precise and well-structured technical reasoning.

For Merit standard, students explain how conservation strategies and treatment
technologies are appliedin practice to improve water efficiency and system performance.
They show a clear understanding of how reuse systems, purification processes and
monitoring approaches interact withinintegrated energy systems. Students explain
lifecycle impactsin greater depth, linking environmental effects and compliance
requirements to decision-making in system design and operation. They consider how
regulatory frameworks and sustainability goals influence the selection and implementation
of technologies. Theirwork demonstrates the ability to connect operational practice with
wider environmental and legal contexts, supported by relevant technical explanation and
examples. Evidence reflects a developed understanding of how water management
contributes to system efficiency and long-term sustainability outcomes.
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For Pass standard, students describe arange of water conservation strategies and
technologies usedin energy systems, including reuse, recycling and treatment processes.
They show understanding of how monitoring and control methods support effective water
management, referencing tools such as sensors or basic control systems. Students outline
lifecycle stages of water use, from abstraction through to discharge orreuse, andidentify
associated environmental impacts such as thermal effects or contaminationrisks.

They demonstrate awareness of regulatory considerations and sustainability principles,
including the need to manage waterresources responsibly. Theirresponses are
appropriately structured, using relevant terminology and examples to demonstrate
understanding of how conservation approaches and lifecycle considerations apply

within energy system contexts.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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Unit 21: Energy Auditing and Consultancy Practices

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Students develop a practical understanding of energy auditing, data collection and analysis
for efficiency improvement. They build reporting skills by presenting clear audit findings
and justified recommendations to real clients professionally.

Unitintroduction

This unitisrelevant to the real-world operation of buildings and energy systems, where
controlling energy use, costs and carbon emissions is a growing priority. Students benefit
fromunderstanding how energy audits are carried out in practice, developinginsight

into how organisations identify inefficiencies and make informed decisions about
improvement. The unit builds practical awareness of how technical evidence supports
sustainability goals and commercial outcomes, reflecting authentic consultancy and
facilities-management contexts.

The content covers the full audit cycle, from understanding the purpose, scope and
standards of energy auditing through to hands-on data collection, organisation and
analysis. Students willwork with typical energy data sources, apply basic analytical
techniques andinterpret patterns such as base load and seasonal variation. The unit
then develops students' professional reporting skills, enabling them to present findings
clearly andjustify energy-efficiency recommendations using technical, economic and
practical considerations.

Completion of this unit supports progression to further study in energy, engineering

or sustainability by strengthening analytical, reporting and professional judgement skills.
It also prepares students for entry-level roles supporting energy management, auditing,
facilities operations or consultancy work.

Learning aims

In this unit you will:

A Understand the use of energy auditing methods and tools
B Beabletocollectandanalyse energy data

C Beabletoreport energy audit findings and recommend energy efficiency
improvements.
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Summary of unit

Key content areas Assessment approach

A Understand the use of Al Purpose and scope of Research-based
energy auditing methods energy audits investigation and data
andtools A2 Energy auditing analysis, usingrealistic
standards and approaches | €nergy information.
A3 Energy auditing tools
and equipment
B Be able to collect and B1Energy data collection
analyse energy data B2 Data organisation

and processing
B3 Data analysis techniques

CBeabletoreport C1Energy audit reporting Scenario-based
energy audit findings C2 Developing energy reporting task requiring
andrecommend energy efficiency communication of findings,
efficiency improvements recommendations justified recommendations
C3 Consultancy practice ard prioritised actions fora
client.

and client communication
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Content

The essential contentis set out under content areas. Students must cover all specified

content before the assessment.

Learning aim A: Understand the use of energy auditing methods and tools

Why energy audits are carried out and how different methods and tools are used in

professional energy consultancy.

AlPurpose and scope of energy audits

Definition of an energy audit.

Purpose of energy auditing:

o

@)

@)

reducing energy consumption
reducing carbon emissions
reducing operating costs.

Typical clients:

O

o

@)

domestic consumers
commercial buildings
lightindustrial sites.

Difference between:

o walk-through audits

O

detailed audits.

Limitations and assumptions in energy auditing.

A2 Energy auditing standards and approaches

Common audit stages:

o

@)

O

O

O

planning and preparation

site survey

data collection

analysis

reporting and recommendations.

Use of checklists and templates.

Importance of consistency and accuracy.

Use of greenhouse gas reporting frameworks e.g.:

o

o

Role of national and international regulations in emissions reporting.

GHG Protocol (Scopes]|, 2, 3)
1ISO14064.

Pearson BTEC International Level 3 Qualificationsin Green Energy -
Issue1-July 2026 © Pearson Education Limited 2026

299



Unit 21: Energy Auditing and Consultancy Practices

e Ethicalresponsibilities of an energy consultant:
o oObjectivity
o transparency
o confidentiality.

A3 Energy auditing tools and equipment
e Toolsfordatacollection:
o utility billsand meterreadings
o smart meterdata
o sub-metering.
e Surveyandinspectiontools:
o thermometers andtemperature probes
o infraredthermography
o lightlevel meters.
e Digitaltools:
o spreadsheets
o simple energy analysis software.
e Advantagesandlimitations of different tools.

Learning aim B: Be able to collect and analyse energy data

Practical skills to gather energy data and analyse it to identify inefficiencies and
opportunities forimprovement.
B1Energy data collection
e Typesof energy data:
o electricity consumption
o gasandotherfueluse.
e Sourcesof data:
o energy bills
o meterreadings
o monitoring systems.
e Time periods andresolution:
o monthly
o daily
o half-hourly (overview).
e Ensuring data quality:
o checking for missing orunusual values
o identifyinganomalies.
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B2 Data organisation and processing
e Organising datausing:

o tables

o spreadsheets.

e Converting energy datainto carbon emissions using emission factors (kgCO.e per
kilowatt-hour or fuel unit).

e Sourcesof emissionfactors, e.g. government datasets, international databases.
e Differencesbetweenlocation-based and market-based electricity emissions.
e Separating energy use by end use:
o heating
o lighting
o equipment.
e Normalising energy data:
o floorarea
o occupancy oroperating hours.

B3 Data analysis techniques
e Identifying:
o baseload
o peakdemand
o seasonaltrends.
e Useof graphs:
o line graphs
o barcharts.
e Comparing:
o currentperformance
o previous periods
o typicalbenchmarks.
e Linkingenergy useto:
o userbehaviour
o building characteristics
o systemoperation.
e Calculatingtotal greenhouse gas emissions for a building or organisation.
e Interpreting emissions alongside energy consumption to assess environmental impact.
e Benchmarking emissions against typical values orregulatory targets.
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Learning aim C: Be able to report energy audit findings and recommend energy
efficiency improvements

How to communicate audit findings clearly and make justified recommendations suitable
forclients.
C1Energy audit reporting
e Purpose of anenergy auditreport.
e Typicalreport structure:
o executive summary
o site description
o dataanalysisfindings
o recommendations.
e Importance of clear, non-technical language for clients.
e Use of charts, tables and visuals.
e Stating assumptions, limitations and uncertainties.

C2 Developing energy efficiency recommendations
e Typesofrecommendations:
o no-cost/low-cost measures
o behavioural changes
o operationalimprovements
o technologyupgrades.
e Assessingrecommendations using:
o estimatedenergy savings
o costconsiderations
o disruptionand practicality.
e Prioritisingrecommendations:
o quickwins
o longer-terminvestments.
C3 Consultancy practice and client communication
e Roleof the energy consultant:
o adviser
o communicator.
e Presentingfindings to clients:
o writtenreports
o presentations.
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e Respondingto client questions and concerns.
e Supportingimplementation:

o signpostingtotechnologies

o follow-up audits.
e Professional conduct and ethical behaviour.
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Assessment criteria

Learning aim A: Understand the use of energy auditing methods and tools

Learning aim B: Be able to collect and analyse energy data

A.P1Describe the purpose
and stages of an energy
audit.

A.P2 Examine theuse
of methods andtools
to audit energy.

A.M1Explain how different
auditing methods and tools
are selected for different
sites orclients.

B.P3 Collect and organise
energy data from provided
or simulated sources.

B.P4 Analyse energy
data toidentify patterns,
inefficiencies, emissions
and areas of high energy
use.

B.M2 Explain how data
analysis supports
decision-makingin
energy auditing.

N

AB.D1Analyse how

the choice of auditing
methods and data analysis
techniques affects the
accuracy and usefulness
of an energy audit.

Learning aim C: Be able to report energy audit findings and recommend energy

efficiency improvements

N

C.P5Report energy audit
findings clearly. [SP - CT]
C.P6 Recommend
appropriate energy
efficiency measures
based on audit findings.

C.M3 Explain how
recommendations
are prioritised based
on energy savings,
cost and practicality.

C.D2 Evaluate the
effectiveness of energy
audit recommendations

in meeting client needs,
considering technical,
economic and behavioural
factors.
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Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOL IS-WC SP-CTvV
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaims: AandB(A.P1,A.P2,B.P3,B.P4, AM1,B.M2, AB.D]J).
e Learningaim: C(C.P5,C.P6,C.M3,C.D2).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Energyaudit data sources andtools: sample utility bills, meterreadings (real or
simulated), access to smart-meter orinterval data, and basic survey instruments
(temperature probes, light meters) for audit context.

e Digitaldatahandlingtools: spreadsheet software with graphing functions for organising,
converting, normalising and analysing energy data.

e Reporting and presentation tools: word-processing and/or presentation software for
producing structured audit reports, charts and client-focused outputs.

e Reference and guidance materials: energy audit standards, benchmarks and exemplar
audit reports to support method selection, analysis accuracy and professional practice.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, students present a well-reasoned and evaluative approach
that integrates auditing methods with advanced datainterpretation. Evidence shows that
students considerin depth how methodological choices, dataresolution and analytical
techniques influence the reliability and usefulness of audit findings. They evaluate the
limitations, assumptions and uncertainties associated with tools, data sources and
normalisation approaches, explaining how these factors affect the conclusions drawn.
Analysis demonstratesindependence, drawing together multiple data sets, benchmarks
and contextual factors to form coherent judgements about performance and inefficiency.
Students clearly articulate the consequences of alternative methodological decisions,
showing how improved choices could strengthen audit accuracy. The overall evidence
reflects professional-level judgement, analytical depth and a strong understanding of
the interaction between audit design and data-driven insight.

For Merit standard, students show a more assured and reasoned approach to energy
auditing and data analysis. Evidence indicates that students canjustify the selection of
auditing methods and tools for different types of sites or clients, showing awareness of
practical constraints and data quality considerations. They organise and normalise energy
data effectively, separating energy use by end use andrelating consumption patterns to
building characteristics, occupancy or operation. Analysis moves beyond description

to explanation, with studentslinking trends, peaks and anomalies to likely causes such
as behaviour, controls or system performance. Graphs and comparisons are used
purposefully to support decision-making rather than simply illustrate data. Overall,
student work demonstrates consistency, accuracy and a clear understanding of

how analysed data informs meaningful audit outcomes.
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For Pass standard, students demonstrate a secure but straightforward understanding

of how energy audits are carried out and how energy datais handled. Evidence typically
shows that students can outline the purpose and scope of an energy audit and follow
recognised audit stages from planning through to reporting. They use appropriate tools
and data sources, such as utility bills or meterreadings, and organise data into clear tables
or spreadsheets. Analysis is mainly descriptive, identifying obvious patterns such as high-
use periods, base loads or seasonal variation. Students convert datainto comparable units
and produce simple graphs toillustrate trends. Explanations focus on what the data shows
ratherthanwhy it behavesin a particular way, and interpretation remains closely guided by
provided scenarios or templates. The work demonstrates accuracy in basic methods and
calculations, but limited depth of justification or critical judgement.

Learningaim C

For Distinction standard, students evaluate how well proposed recommendations address
client needs within technical, economic and behavioural constraints. Evidence shows that
students weigh trade-offs between differentimprovement options, justifying choices
using audit data, implementation context and client priorities. They reflect on how
behavioural change, operational practices and technology upgradesinteract toinfluence
overall effectiveness. Reports demonstrate a high level of professional communication,
clearly articulating limitations, risks and uncertainties while remaining accessible and
persuasive. Students consider how recommendations could be implemented and
monitored over time, showing awareness of consultancy practice beyond the report
itself. The evidence demonstrates evaluative insight, strategic thinking and strong
professional judgement.

For Merit standard, students demonstrate amore analytical and client-focused approach
toreporting and recommendation development. Evidence shows that students explain
the reasoning behind prioritised recommendations, considering factors such as potential
savings, cost, disruption and feasibility. Reports are well-organised, clearly written and
supported by relevant visuals that enhance understanding rather than duplicate text.
Students adaptlanguage and emphasis to suit the intended audience and respond
logically to likely client concerns. Recommendations show a balance between short-term
improvements and longer-term investments, with clear links back to audit findings.
Overall, work reflects thoughtful judgement and an emerging consultancy mindset.

For Pass standard, students produce clear and logically structured reports that
communicate the outcomes of an energy audit to a non-technical audience. Evidence
typically includes a basic report structure with summaries of findings supported by tables,
charts or simple visuals. Students identify suitable improvement measures that link directly
totheissuesrevealed by their data analysis, such as high-consumption areas orinefficient
practices. Recommendations are appropriate and realistic, though justification may be
brief and largely descriptive. Students acknowledge assumptions or limitations simply
and presentinformationin a clear, professional tone. Communication demonstrates an
understanding of client needs, but remains largely instructional rather than advisory.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.
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Unit 22: Low and Zero Carbon Transport Systems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unitin brief

Studentsinvestigate transport usage and emissions while exploring low- and zero-carbon
technologies shaping mobility.

Unitintroduction

Thisunitisrelevant to the real world, as transport is a major contributor to global carbon
emissions and climate change. Understanding how transport systems operate and how
they are transitioning to low- and zero-carbon alternatives equips students with knowledge
directly linked to everyday travel, infrastructure decisions and sustainability challenges
faced by societies worldwide.

In this unit, students explore how transportis currently used at local, national and
international levels, and compare emissions from cars, commercial vehicles, shipping
and aviation. Students examine low- and zero-carbon transport technologies, including
electric and hydrogen-powered systems, and learn how they work. They also compare
performance, cost and infrastructure needs, developing arounded understanding of
technical, environmental and societal impacts.

The unit supports progression to further study in science, engineering, environmental
studies and transport-related disciplines. It also prepares students foremployment

in growing sectors such as sustainable transport, energy systems, policy, planning and
engineering by developing analytical skills and applied technical understanding valued
by employers.

Learning aims
In this unit, you will:

A Understand current usage patterns of transport atlocal, national and international scales

B Knowlow-andzero-carbontransporttechnologies replacing conventional systems

C Beabletocompare transport usage and carbon emissions from different transport
modes

D Understand how battery- and hydrogen-powered transport systems work and the
implications of transition.
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Unit 22: Low and Zero Carbon Transport Systems

Summary of unit

Key content areas Assessment approach

A Understand current
usage patterns of transport
atlocal, nationaland
international scales

Allocaltransportusage
A2 National transport usage

A3 International transport
usage

A4 Influencing factors

Evidence understanding of
transport usage patterns
acrossscales.

B Know low- and
zero-carbon transport
technologies replacing
conventional systems

B1Influencing factors
B2 Public transport systems
B3 Freight andlogistics

B4 Maritime and aviation
alternatives

B5 Supporting systems

Assessment technology
case studieswhen
demonstrating how
low- and zero-carbon
systems operate.

CBeabletocompare
transport usage and carbon
emissions from different
transport modes

Clinternal combustion
engine (ICE) cars

C2 Commercialroad
vehicles

C3 Shipping
C4 Aircraft
C5 Comparative analysis

Assessment using
comparative calculations,
emission tables and analysis
differences between
transport modes.

D Understand how battery-
and hydrogen-powered
transport systems work and
the implications of transition

D1Battery-powered
systems

D2 Hydrogen-powered
systems

D3 Performance
comparisons

D4 Cost considerations
D5 Infrastructure
implications

D6 Transitionimpacts

Assessment using

technical explanations and
evaluations of performance,
costs andinfrastructure
implications of alternative
systems.
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Unit 22: Low and Zero Carbon Transport Systems

Content

The essential contentis set out under content areas. Students must cover all specified
content before the assessment.

Learning aim A: Understand current usage patterns of transport at local, national
andinternational scales

How people and goods are typically transported and factors shaping transport demand
and mode choice.

AlLocal transportusage

e Private caruse versus public transport uptake.

e Active travel (walking, cycling, micromobility).

e Typicaljourney purposes (e.g. commuting, education, services).

e Urban, suburbanandrural contrasts.

A2 National transport usage

e Roadtransportdominancein passenger and freight transport.
e Railusage forintercity travel and bulk freight.

e Coachanddomestic aviationuse.

A3 International transport usage
e Aviation forpassenger movement (short-, medium- and long-haul).
e Maritime shipping for global freight.

A4 Influencing factors

e Cost, convenience, speed and reliability.

e Infrastructure availability and capacity.

e Socio-economic and cultural factors.

e Government policy, taxation and regulation.
e Effectiveness of cleanairzones.

Learning aim B: Know low- and zero-carbon transport technologies replacing
conventional systems

Alternative transport technologies already in use oremerging across different sectors.

B1Influencing factors

e Batteryelectric vehicles (BEVs).

e Plug-inandfull hybrid systems.

e Hydrogenfuel cellvehicles (FCEVs).
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Unit 22: Low and Zero Carbon Transport Systems

B2 Public transport systems

e Electricbusesandtrolleybuses.

e Hydrogenbusfleets.

e Electrifiedrail systems and metros.

e Waystoincrease public adoption of public transport.

B3 Freight and logistics
e Electricvans andrigid trucks.
e Hydrogenheavy goods vehicles (HGVs) developments.

B4 Maritime and aviation alternatives
e Hybridand electric ferries.

e Shore-side powerforports.

e Sustainable aviation fuels (SAFs).

B5 Supporting systems
e Smarttransport systems.
e Energystorage and charging technologies.

Learning aim C: Be able to compare transport usage and carbon emissions from
different transport modes

Different environmental impacts of transport modes using quantitative and qualitative
measures.

C1Internal combustion engine (ICE) cars

e Typical CO2emissions perkilometre.

e Usageintensity and vehicle occupancy.

C2 Commercial road vehicles

e VansandHGVs.

e Emissionsrelative to payload and distance.
C3 Shipping

e Emissions pertonne-kilometre.

e Fueltypesand efficiency advantages.

C4 Aircraft
e Emissions perpassenger-kilometre.
e Differencesbetween short-haul andlong-haul flights.

C5 Comparative analysis

e Passengerversus freight emissions.

e Efficiency versus total emissions contribution.

e Transport’s share of national and global carbon emissions.
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Unit 22: Low and Zero Carbon Transport Systems

Learning aim D: Understand how battery- and hydrogen-powered transport
systems work and the implications of transition

Alternative propulsion systems and evaluation of implications forinfrastructure and society.

D1Battery-powered systems

e Battery chemistry and energy storage.
e Electric motors and power control.

e Regenerative braking.

D2 Hydrogen-powered systems

e Hydrogen production methods (e.g. electrolysis).
e Fuelcellsandelectricity generation.

e Storage, transport and safety considerations.

D3 Performance comparisons

e Range andrefuelling/charging time.

e Efficiency andreliability.

e Suitability for cars, buses, Heavy Goods Vehicles (HGVs) and trains.

D4 Cost considerations
e Purchase price versus running costs.
e Maintenance andlifecycle costs.

D5 Infrastructure implications

e Charging networkrequirements.

e Grid capacity andrenewable integration.
e Hydrogenrefuellinginfrastructure.

Dé Transitionimpacts

e Environmental, economic and social effects.
o Workforce and skillsimplications.

e Timescales and transition challenges.
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Unit 22: Low and Zero Carbon Transport Systems

Assessment criteria

Learning aim A: Understand current usage patterns of transport at local, national

and international scales

N

A.P1Examine currentlocal
transport usage patterns,
consideringcommon
journey purposes,

modes used and factors
influencing availability.

A.P2 Explain national and
international travel patterns
forpassengers and freight,
including dominant modes
and typical usage contexts.

A.M1Analyse factors
influencing transport mode
choice at different scales.

A.D1Evaluate how current
transport usage patterns
affect energy demand and
carbon emissions across
local, national and global
contexts.

Learning aim B: Know low- and zero-carbon transport technologies replacing

conventional systems

Pass

B.P3 Describe low- and
zero-carbon transport
technologiesusedin
road and public
transport systems.

B.P4 Describe emerging
low- and zero-carbon
technologies appliedto
freight, maritime or aviation
transport sectors.

Merit

B.M2 Explain how low-
and zero-carbon transport
technologiesreduce
emissions compared with
conventional internal
combustion systems.

Distinction

B.D2 Discuss effectiveness
of different low- and zero-
carbontechnologiesin
meeting future transport
and sustainability demands.
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Unit 22: Low and Zero Carbon Transport Systems

Learning aim C: Be able to compare transport usage and carbon emissions from

different transport modes

Pass

C.P5Describe carbon
emissions associated with
internal combustion cars
and commercial road
vehicles under typicalusage
conditions. [EL - MOL]

C.Pé6 Describe carbon
emissions from shipping
and aircraft, considering
differencesindistance,
load and operational
efficiency.

Merit

C.M3 Analyse differencesin
carbon emissions across
transport modes using
usage data and efficiency
comparisons.

Distinction

C.D3 Evaluate therelative
environmentalimpacts

of passengerand freight
transport modes at national
andinternational scales.

Learning aim D: Understand how battery- and hydrogen-powered transport
systems work and the implications of transition

Pass

D.P7 Explain how battery-
powered transport systems
operate, including energy
storage, electric motors
andregenerative
processes.

D.P8 Explain how
hydrogen-powered
transport systems generate
usable energy and safely
store and supply

hydrogen fuel.

Merit

D.M4 Analyse performance
and cost differences
between battery, hydrogen
and conventional transport
systems.

Distinction

D.D4 Assess infrastructure,
economic and societal
implications of transitioning
to battery- and hydrogen-
powered transport systems.
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Unit 22: Low and Zero Carbon Transport Systems

Transferable skills

Managing Yourself | Effective Learning Interpersonal Skills | Solving Problems

MY - TPR EL-MOLV IS-WC SP-CT
MY - PS&R EL-CL IS-V&NC SP-PS
MY - COP EL - SRS IS-T SP - C&l
MY - PGS EL - PRS IS - C&SI

Table key

* Signpostedtoindicate opportunities for development

as a part of widerteaching andlearning
vV Embeddedinteaching, learning and assessment

blank Notembedded orsignpostedinunit
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Unit 22: Low and Zero Carbon Transport Systems

Essential information for assignments

The recommended structure of assessmentis shown in the unit summary, along with
suitable forms of evidence. The Pearson BTEC International Level 3 Qualifications
Supplementary Information document gives information on setting assignments.
Thereis also furtherinformation on our website.

There is amaximum number of two summative assignments for this unit.

The relationship of the learning aims and criteriais:
e Learningaim: A(A.P1,A.P2,A.M1,A.D1).

e Learningaim:B(B.P3,B.P4,B.M2,B.D2).

e Learningaim: C(C.P5,C.P6,C.M3,C.D3).

e Learningaim:D(D.P7,D.P8,D.M4,D.D4).
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Furtherinformation for teachers and assessors

Resource requirements

For this unit, students must have access to:

e Accesstoup-to-date transport usage and emissions datasets, including national
statistics, global transport data and case-study summaries.

e Battery, electric motorand hydrogen fuel celldemonstration models or cutaways to
supportunderstanding of alternative propulsion systems.

e Transportinfrastructure visuals, including maps, charging network plans, hydrogen
refuelling layouts and system diagrams for applied learning.

Essential information for assessment decisions

Learningaim A

For Distinction standard, students demonstrate in-depth understanding by making
well-reasoned judgements about the significance of current transport usage patterns.
Their evidence evaluates how patterns of transport use influence wider outcomes,
particularly energy demand and emissions, across different scales. Students draw together
multiple factors and examples to support their conclusions, such as by comparing the
impacts of private car dependency with those of mass transit systems. Evidence shows
insight, supported by contextual references, and considers implications rather thanjust
patterns. The work reflects a strong command of the subject and shows that the student
can synthesise information to justify conclusions clearly and logically.

For Merit standard, students demonstrate a developed understanding of transport
usage patterns by linking different factors to explain why patterns vary across scales.
Their evidence shows how economic, social, geographic and infrastructural factors
influence transport choices, using relevant examples to illustrate these relationships.
Students present contextual information to support their points, such as differences
betweenurban andrural travel or between passenger and freight demand. The work
shows connections between usage patterns and wider systems, for example,

how infrastructure investment or policy influences behaviour.

For Pass standard, students show an accurate understanding of how transportis used

at different scales, mostly with factual evidence. Theirwork demonstrates awareness

of common transport modes used locally, nationally and internationally, supported by
simple examples such as commuting patterns, freight movement orleisure travel. Evidence
typically includes brief references to why particularmodes dominate in specific contexts,
such as affordability, availability orjourney purpose. Informationis generally correct but
may lack depth, asitis not linked or compared in detail. The evidence shows that students
canrecognise usage patterns and contextual differences, but it does not yet explore
relationships orimpactsin depth.
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LearningaimB

For Distinction standard, students demonstrate depth of understanding by considering
how effective different low- and zero-carbon technologies are in meeting future transport
demands. Their evidence weighs strengths and limitations across technologies and
contexts, such as suitability for passenger versus freight use. Students consider
broaderimplications, such as scalability, integration with energy systems or operational
challenges. Judgements are supported by relevant examples andreflect a balanced view
of technological potential and constraints. The work shows insight and the ability to draw
conclusions from evidence.

For Merit standard, students present well-explained evidence showing how low- and
zero-carbon technologies operate and reduce environmental impacts. Their work explains
key principles behind the technologies and links them to emission reduction orimproved
efficiency. Students use examples to show differences between conventional and
alternative systems, demonstrating understanding of why these technologies represent
atransition. Evidence is structured and clearly reasoned, with explanations supported

by factual detail rather thanlisted points. The student shows the ability to connect
technological features to outcomes, indicating understanding of applied transport
technology concepts.

For Pass standard, students provide evidence showing understanding of arange of

low- and zero-carbon transport technologies currently inuse. Theirwork identifies different
technologies across transport sectors, with brief explanations of their purpose and where
they are applied. Examples may include electric road vehicles, alternative public transport
systems or cleaner freight solutions. Evidence generally lacks depth andis focused on
what the technologies are and where they are used, rather than how effective they are.
Students demonstrate recognition of the role these technologies play inreducing reliance
on traditional systems, supported by straightforward examples drawn from the unit
content.

Learningaim C

For Distinction standard, students demonstrate a comprehensive understanding by
making evaluative judgements about the overall environmental impact of different
transport modes. Their evidence considers both usage intensity and emission
characteristics to determine significance at national and international scales. Students
integrate multiple perspectives, such as passenger versus freight demand, efficiency
versus total emissions, and short-term versus long-termimpacts. Conclusions are justified
using coherent arguments andrelevant evidence. The work reflects a sophisticated
interpretation of transport emission data and shows the ability to synthesise information
to support well-founded conclusions.
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For Merit standard, students provide comparative evidence that explains why emission
levels vary between transport modes. Theirwork uses relevant data, calculations or
contextual information to support comparisons, such as efficiency per passenger or
pertonne-kilometre. Students clearly explain contributing factors, including distance,
load, technology and operational efficiency. Evidence is logically structured and
demonstrates anunderstanding of relative impacts rather than isolated figures.

The student shows confidence ininterpreting information and drawing reasoned
comparisons that reflect how transport usage influences emission outcomes.

For Pass standard, students show an understanding of emissions associated with different
transport modes through clear, factual evidence. Their work identifies how emissions relate
to specific transport types, such as cars, commercial vehicles, shipping or aircraft, using
typical usage scenarios. Evidence includes basic data and/or illustrative comparisons,
focusing on emissions characteristics rather than detail. Students demonstrate recognition
of differences between passenger and freight transport, but comparisons remain
straightforward. The work shows secure subject knowledge, with generally correct
references to emission trends across transport modes.

LearningaimD

For Distinction standard, students demonstrate a comprehensive understanding by
assessing the widerimplications of transitioning to battery- and hydrogen-powered
transport systems. Their evidence considers infrastructure requirements, energy systems,
economic impacts and societal consequences. Students present balanced arguments,
recognising both opportunities and challenges associated with large-scale adoption.
Judgements are supported through relevant examples and clear reasoning. The work
reflects a strong synthesis of technical, economic and social considerations, showing
that the student caninterpret evidence holistically to supportinformed conclusions
about future transport transitions.

For Merit standard, students demonstrate a deeperunderstanding by comparing battery
and hydrogen systems with conventional transportin terms of performance and cost.
Their evidence considers factors such as efficiency, range, refuelling or charging time,
and operational expenses. Students use examples to explain suitability for different
transport applications, showing awareness of practical considerations. Explanations

are well developed and supported by contextual detail. The work reflects a confident
interpretation of technical and economic information and shows how system
characteristics influence real-world use.
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For Pass standard, students provide accurate technical evidence explaining how
battery- and hydrogen-powered transport systems function. Their work outlines key

components and processes, such as energy storage, conversion and vehicle operation.

Students show an understanding of basic differences between the systems and
conventional technologies through clear explanations. Evidence may include diagrams
or short written accounts focused on operational principles rather than performance
evaluation. Understandingis sound but limited to core processes and features,
demonstrating foundational technical knowledge aligned with taught content.
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Links to other units

The assessment for this unit will draw upon some of the underpinning knowledge,
understanding and skills coveredin:

e Unit1l: Human Energy Use.

e Unit 6: Mathematics for Energy Technicians.

e Unit 5: Scientific Principles for Energy Systems.

e Unit17: Smart Energy Systems and Building Efficiency.

e Unit18: Low-Carbon Heating Technologies.

e Unit 21: Energy Auditing and Consultancy Practices.
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5 Planning your programme

Is there a student entry requirement?

As acentreitis yourresponsibility to ensure that students who are recruited have
areasonable expectation of success onthe programme. There are no formal entry
requirements but we expect students to have qualifications at or equivalent to Level 2.

Students are most likely to succeed if they have:

e fiveinternational GCSEs at good grades, and/or

e BTEC qualification(s) at Level 2

e otherappropriate qualifications orachievement at year11orage 16 in core subjects.
Students may demonstrate ability to succeed in various ways. For example, students

may have relevant work experience or specific aptitude shown through diagnostic tests
or non-educational experience.

If students are studyingin English we recommend that they have attained at least Level B2 in
the Common European Framework of Reference for Languages or Pearson Global Scale of
English 51. Please see resources available from Pearson at www.pearson.com/english.

Supporting you in planning and implementing your programme

There willbe lots of free teaching and learning support to help you deliver the new
qualifications:

e Delivery guides are provided for each mandatory unit as well as a selection of optional
units. These guides are intended to give anintroducton to the unit, an overview of the
assessmentrequirements, and a summary of the teaching content to be delivered
and assessed.

e Sample delivery plans for all qualification sizes, designed to help you plan and delivera
teaching programme across a specified duration. These plans consist of the mandatory
units requiredin each size as well as a selection of optional units recommended by us.

e Sample schemes of work are provided for each mandatory unit as well as a selection of
optional units. These schemes of work are intended to show you how to deliver the
teaching and assessment for each unit within the guided learning hours given. Each
scheme of work provides an example of how each lesson can be structured, identifying
key teachingtopic areas, and how this content can be delivered using arange of teacher
and student activities. These are available in Word™ format for ease of customisation.

e Qurresources guide sets out the minimum resources required to support the planning,
teaching and preparation for assessments for all units in this specification.
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e Forunits assessed with a Pearson Set Assignment Brief, we have provided a sample
assignment as an example of the form of assessment for the unit. For the remaining units,
we will allow you to set your own assignments, according to your students’ preferences
and to link with your local employment profile. We also provide Authorised Assignment
Briefs, which are approved by Pearson Standards Verifiers.

Using Pearson Progress to support the planning, delivery and management
of internal assessments

Pearson Progressis a digital support system that helps you to manage the assessment
and quality assurance of these qualifications. This application supports the delivery,

assessment and quality assurance of International BTECs in centres and supports teachers,
assessors and students as follows:

e coursecreation

e creatingandverifying assignments

e creatingassessment plans andrecording assessment decisions
e uploadof assignment evidence

e tracking progress of every student.

The systemis accessible to teachers and students so that they both can track
their progress.

Training and support from Pearson

There are many people available to support you and give you advice and guidance on
the delivery of these qualifications. They include the following:

e Subject Advisors - they understand all Pearson qualifications in their sectorand can
answer sector-specific queries on planning, teaching, learning and assessment.

e Standards Verifiers - they can support you with preparing your assignments, ensuring
that yourassessment planis set up correctly, and support you in preparing student work
and providing quality assurance through sampling.

e Regionalteams - they are regionally based and have a full overview of the
BTEC qualifications and of the support and resources that Pearson provides.
Regions oftenrun network events.

e Customer Services - the ‘Support for You’ section of our website gives the
different ways in which you can contact us for general queries. For specific queries,
our service operators can direct you to the relevant person or department.

Pearson provides arange of training and professional development events to support
theintroduction, delivery, assessment and administration of BTEC International Level 3
qualifications. These sector-specific events, developed and delivered by specialists,
are available both face toface and online.
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We also offer ‘Getting Ready to Teach’ events which are designed to get teachersready
fordelivery of the BTEC International Level 3 qualifications. They include an overview

of qualification structures, planning and preparation forinternal assessment,

and quality assurance.

Beyond the ‘Getting Ready to Teach’ professional development events, there are
opportunities forteachers to attend sector- androle-specific events. These events are
designedto connect practice to theory; they provide teacher support and networking
opportunities with delivery, learning and assessment methodology.

Details of our training and professional development programme can be found on
ourwebsite.
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6 Understanding the qualification grade

Awarding and reporting for the qualification

This section explains the rules that we apply in awarding a qualification and in providing an
overall qualification grade for each student. It shows how all the qualificationsin this sector
are graded.

Eligibility for an award

In orderto be awarded a qualification, a student must complete all units AND achieve a
Pass orabove in allmandatory units unless otherwise specified. Refer to the structurein
Section 3 Structure. Students must:

e complete and have anoutcome (D, M, P orU) for all units within a valid combination
e achieve allthe mandatory units at Pass or above shownin Section 3 Structure
e achieve the minimum number of points at a grade threshold.

Itis the responsibility of a centre to ensure that a correct unit combinationis adhered to.
Students who do not achieve the required minimum grade (P) in units shown in the structure
willnot achieve a qualification.

Students who do not achieve sufficient points for a qualification orwho do not achieve
allthe required units may be eligible to achieve a smaller qualificationin the same suite,
provided they have completed and achieved the correct combination of units and met
the appropriate qualification grade points threshold.

Awarding the qualification grade

The final grade awarded for a qualification represents an aggregation of a student’s
performance across the qualification. As the qualification grade is an aggregate of the total
performance, there is some element of compensationin that a higher performance insome
units may be balanced by alower outcome in others.

BTEC International Level 3 qualifications are awarded at the grade ranges shownin the
table below.

Certificate, Extended Certificate, Foundation Diploma Pto D*
Diploma PP to D*D*
Extended Diploma PPP to D*D*D*
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The Calculation of the qualification grade table, shown laterin this section, shows the
minimum thresholds for calculating these grades. The table will be kept underreview over
the lifetime of the qualification. The most up-to-date table will be issued on our website.

Pearson willmonitor the qualification standard and reserves the right to make appropriate
adjustments.

Students who do not meet the minimum requirements for a qualification grade to be
awarded will be recorded as Unclassified (U) and will not be certificated. They may receive
a Notification of Performance forindividual units. The Information Manual gives full
information.

Points available for units

The table below shows the number of points available for units. For each unit, points are
allocated depending on the grade awarded.

Grade Unit size (60 GLH)

U 0
Pass 6
Merit 10
Distinction 16

Claiming the qualification grade

Subject to eligibility, Pearson will automatically calculate the qualification grade foryour
students when the unit grades are submitted and the qualification claimis made. Students
will be awarded qualification grades for achieving the sufficient number of points (with valid
combinations) within the ranges shown in the relevant Calculation of the qualification grade
grade table forthe cohort.
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Calculation of the qualification grade

Applicable forregistration from1September2026.

Extended Certificate Foundation Diploma Extended Diploma

180 GLH 360 GLH 540 GLH 720 GLH 1080 GLH
Grade Points Grade Points Grade Points Grade Points Grade Points
threshold threshold threshold threshold threshold
Unclassified 0 U 0 u 0 U 0 U 0
Pass 18 P 36 P 54 PP 72 PPP 108
MP 88 MPP 124
MMP 140
Merit 26 M 52 M 78 MM 104 MMM 156
DM 124 DMM 176
DDM 196
Distinction 37 D 74 D 108 DD 144 DDD 216
D*D 162 D*DD 234
D*D*D 252
Distinction* 45 D* 90 D* 138 D*D* 180 D*D*D* 270

This table is subject toreview over the lifetime of the qualification. The most up-to-date version will be issued via our website.
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Example grading tables

In this section, you will find examples of how students can meet arange of qualification
grade thresholds based on the unit points accumulated, to determine an overall
qualification grade.

Pearson BTEC International Level 3 Certificate in Green Energy (180 GLH)

Achievement of a Certificate with a Merit grade

Unit Type Unit points
number (Int/PSA)
1 60 PSA Pass 6
2 60 Int Merit 10
7 60 Int Distinction 16
TOTAL 180 Merit 32

In this example, the student has sufficient points for a Merit grade. The student has met the
minimum requirement for Pass or higherin the mandatory unit.

Pearson BTEC International Level 3 Extended Certificate in Green Energy (360

GLH)

Achievement of an Extended Certificate with aPass grade

Unit GLH Type Grade Unit points

number (Int/PSA)

1 60 PSA Distinction 16

2 60 PSA Merit 10

9 60 Int Pass 6

3 60 Int Pass 6

6 60 Int Pass 6

12 60 Int Pass 6
TOTAL 360 Pass 50

Inthis example, the student has sufficient points for a Pass grade. The student has met the
minimum requirement for Pass or higherin the mandatory units.
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Pearson BTEC International Level 3 Foundation Diploma in Green Energy (540 GLH)

Achievement of a Foundation Diploma with a Distinction grade

Unit Type Unit points
number (Int/PSA)
1 60 PSA Distinction 16
2 60 PSA Merit 10
3 60 PSA Distinction 16
9 60 Int Distinction 16
10 60 Int Pass 6
6 60 Int Merit 10
13 60 Int Merit 10
14 60 Int Distinction 16
15 60 Int Distinction 16
TOTAL 540 Distinction 16

Inthis example, the student has sufficient points for a Distinction grade. The student has
met the minimum requirement for Pass or higherin the mandatory units.
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Pearson BTEC International Level 3 Diplomain Green Energy (720 GLH)

Achievement of a Diploma with a PP grade

Unit GLH Type Grade Unit points
number (Int/PSA)
1 60 PSA Pass 6
2 60 PSA Merit 10
3 60 PSA Merit 10
4 60 PSA Pass 6
5 60 PSA Merit 10
9 60 Int Pass 6
10 60 Int Merit 10
12 60 Int Unclassified 0]
13 60 Int Unclassified 0
14 60 Int Merit 10
15 60 Int Pass 6
16 60 Int Merit 10
TOTAL 720 PP 84

Inthis example, the student has sufficient points for a PP grade despite receiving an
Unclassified result for Units 12 and 13. The student has met the minimum requirement for
Pass or higherin the mandatory units.
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Pearson BTEC International Level 3 Diplomain Green Energy (720 GLH)

Achievement of a Diploma with an MM grade

Unit GLH Type Grade Unit points
number (Int/PSA)
1 60 PSA Merit 10
2 60 PSA Merit 10
3 60 PSA Distinction 16
4 60 PSA Pass 6
5 60 PSA Distinction 16
9 60 Int Pass 6
10 60 Int Merit 10
12 60 Int Pass 6
13 60 Int Pass 6
14 60 Int Merit 10
15 60 Int Distinction 16
18 60 Int Merit 10
TOTAL 720 MM 122

In this example, the student has sufficient points foran MM grade. The student has met the
minimum requirement for Pass or higherin the mandatory units.
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Pearson BTEC International Level 3 Diplomain Green Energy (720 GLH)

An Unclassified result for a Diploma

Unit Type Unit points
number (Int/PSA)
1 60 PSA Unclassified 0]
2 60 PSA Merit 10
3 60 PSA Distinction 16
4 60 PSA Pass 6
5 60 PSA Distinction 16
9 60 Int Pass 6
10 60 Int Merit 10
12 60 Int Pass 6
13 60 Int Pass 6
14 60 Int Merit 10
15 60 Int Distinction 16
16 60 Int Merit 10
TOTAL 720 Unclassified 12

In this example, the student has sufficient points foran MM grade but has not met the
minimum requirement for Pass or higherin all of the mandatory units. An Unclassified result
forUnit1.
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Pearson BTEC International Level 3 Extended Diplomain Green Energy (1080 GLH)

Achievement of an Extended Diploma with an MMM grade

Unit GLH Type Grade Unit points
number (Int/PSA)
1 60 PSA Pass 6
2 60 PSA Merit 10
3 60 PSA Pass 6
4 60 PSA Pass 6
5 60 PSA Distinction 16
6 60 PSA Pass 6
7 60 PSA Pass 6
8 60 PSA Merit 10
9 60 Int Pass 6
10 60 Int Distinction 16
n 60 Int Merit 10
12 60 Int Pass 6
13 60 Int Unclassified 0
14 60 Int Merit 10
15 60 Int Pass 6
17 60 Int Merit 10
19 60 Int Distinction 16
22 60 Int Merit 10
TOTAL 1080 MMM 156

In this example, the student has sufficient points foran MMM grade despite receiving
Unclassified result for Unit 13. The student has met the minimum requirement for Pass or
higherinthe mandatory units.
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Pearson BTEC International Level 3 Extended Diplomain Green Energy (1080 GLH)

Achievement of an Extended Diploma with a DDD grade

Unit GLH Type Grade Unit points
number (Int/PSA)
1 60 PSA Distinction 16
2 60 PSA Merit 10
3 60 PSA Merit 10
4 60 PSA Pass 6
5 60 PSA Distinction 16
6 60 PSA Pass 6
7 60 PSA Distinction 16
8 60 PSA Distinction 16
9 60 Int Merit 10
10 60 Int Distinction 16
n 60 Int Merit 10
12 60 Int Distinction 16
13 60 Int Merit 10
14 60 Int Merit 10
15 60 Int Distinction 16
17 60 Int Merit 10
19 60 Int Distinction 16
22 60 Int Merit 10
TOTAL 1080 DDD 220

In this example, the student has sufficient points fora DDD grade. The student has met the
minimum requirement for Pass or higherin the mandatory units.
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Pearson BTEC International Level 3 Extended Diplomain Green Energy (1080 GLH)

An Unclassified result for an Extended Diploma

Unit GLH Type Grade Unit points
number (Int/PSA)
1 60 PSA Unclassified 0]
2 60 PSA Merit 10
3 60 PSA Pass 6
4 60 PSA Pass 6
5 60 PSA Pass 6
6 60 PSA Pass 6
7 60 PSA Merit 10
8 60 PSA Merit 10
9 60 Int Merit 10
10 60 Int Pass 6
n 60 Int Merit 10
12 60 Int Unclassified 0]
13 60 Int Pass 6
14 60 Int Merit 10
15 60 Int Unclassified 0
17 60 Int Merit 10
19 60 Int Pass 6
22 60 Int Merit 10
TOTAL 1080 Unclassified 122

In this example, the student has sufficient points fora PPP grade but has not met the
minimum requirement for Pass or higherin all of the mandatory units. An Unclassified result
forUnit1.
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Appendix 1 Glossary of terms used for
internally assessed units

Adequate Studentworkis satisfactory or acceptable in quality and quantity.

Analyse Students break the issue/situation downinto the key elements and
show theirunderstanding of the issues/situation applied to the
scenario/context. Responses would be significantly beyond
generic.

Apply/use/employ | Studentsimplementa method, technique, process orapproachin
an activity.

Assess Students give careful consideration to all the factors or events that
apply, identify which are the mostimportant orrelevant, and make
ajudgement ontheimportance of the factors.

Carry out Students demonstrate skills through practical activities, in line with
certainrequirements.

Clear/ly The qualities required are well demonstrated, unambiguous and
beyond a basic level.

Coherent Studentintentions are clear, logically structured and can be
interpreted by others.
Compare Students show knowledge and understanding by identifying the

main factorsrelating to two or more items/situations or aspects
of asubject thatis extended with the required explanations, e.g.
similarities/differences, advantages/disadvantages, impacts.

Comprehensive Usedto describe either scope or depth, forexample:
Student workis well developed and thorough, covering all
aspects/informationinterms of both depth and breadth.
OR

Students demonstrate in-depth and accurate understanding of
the aspects being assessed.

Confident Student work demonstrates well-developed and secure
application of skills or processes that are significantly beyond a
basic level.
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Consistent

Students demonstratereliable and constant practice that
maintains a set standard.

Create/produce

Students generate anidea/outcome to specific criteria.

Demonstrate

Students carry out and apply knowledge, understanding and/or
skillsin a practical situation.

Describe

Students provide an account of something, or highlight a number
of key features of a given topic or process, that shows a level of
understanding.

Detailed

Students covermostif not all of the expected requirements and
demonstrate a high level of understanding.

Develop

Students apply a process of improving/progressing skills,
concepts orworkinorderto produce outcomes.

Discuss

Anissue, situation or process will be presented and the student will
needto break the issue/situation/process downinto the key
elements, show theirunderstanding of the issues/situation/
process applied to the scenario/context (so generic answers are
not acceptable), and show interrelationship in theiranswers.

Effective

Students demonstrate skills or provide outcomes that are well
developed with arange of proficient qualities and that achieve
objectives.

Evaluate

Students considervarious aspects of a subject’s qualities
inrelationtoits context such as strengths or weaknesses,
advantages or disadvantages, pros orcons. They willcometoa
judgement supported by evidence, which will often be inthe form
of aconclusion.

Examine

Students demonstrate an ability to thoroughly inspect something
in orderto determine its qualities beyond a basic exploration.

Explain

Students can give aninsightinto the topic showing some level of
understanding by providing reasons or examples.

Explore

Studentsundertake practical research orinvestigation to develop
their skills orunderstanding of the topic/activity.

Implement

Students take actions or measures to put somethinginto effect.
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Investigate Students perform a systematic inquiry into a topic using research
skills, usually to demonstrate their understanding of a topic.

Justify Students give relevant and logical reasons or evidence to support
theiractions or opinions.

Partial/some To anextent, but not completely. Students do notinclude all of the
requirements.

Perform Students demonstrate arange of skills required to complete a
given activity.

Prepare Students organise a task/equipment/individuals/activities in
advance of carryingit out.

Realistic/feasible Students demonstrate insight into the logistics and manageability
of proposals/plans/objectives/ideas and show consideration of
the potential to achieve the outcomes.

Refine/optimise Students make considered improvements to outcomes.

Review Students consider evidence in order to make judgements about
the qualities.

Understand Students demonstrate insight or ability to interpret a subject.

Undertake Students demonstrate skills through practical activities,

oftenreferring to given processes or techniques.
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Appendix 2 Transferable Skills
framework

Code =transferable skill initials-skill clusterinitials

Managing yourself

MY-TPR Taking personal responsibility e Demonstratesunderstanding
of theirrole andresponsibilities
and the expected standards

of behaviour.

e Demonstrates compliance
with codes of conduct and
ways of working.

e Makesuse of available
resources to complete tasks.

e Managestheirtime to meet
deadlines and therequired
standards.

e Demonstrates accountability
fortheir decisions or actions.

MY-PS&R Personal strengths and resilience e |dentifies own personal
strengths and demonstrates
the ability to use thesein
relevant areas.

e Demonstrates the ability
to adapt own mindset and
actions to changing situations
orfactors.

e Useschallengesaslearning
opportunities.
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Code Skill cluster Performance descriptor

MY-COP Career orientation planning e Undertakesresearchto
understand the types of roles
inthe sectorin which they
could work.

e Reviewsown careerplans
against personal strengths and
identifies areas for
development to support
progressioninto selected
careers.

e Takespartinsector-related
experiences to support career
planning.

MY-PGS Personal goal setting e Sets SMART goals using
relevant evidence and
information.

e Reviews progress against
goals andidentifiesrealistic
areas forimprovement.

e Seeksfeedbackfromothersto
improve own performance.
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Effective learning

EL-MOL Managing own learning e Maintains afocus onown
learning objectives when
completing a task.

e Demonstratesthe ability
toworkindependently
to complete tasks.

e Reviewsandapplieslearning
from successfuland
unsuccessfuloutcomesto be
effective in subsequent tasks.

EL-CL Continuous learning e Engageswithothersto obtain
feedback about ownlearning
progress.

e Responds positively to
feedback onlearning
progress from others.

e Monitorsownlearning and

performance over the short-
and medium-term.

EL-SRS Secondary research skills o Definestheresearchtopicor
question.

e Usesvalidandreliable sources
to collate secondary data.

e Interpretssecondary dataand
draws valid conclusions.

e Producesareferencelistand
cites sources appropriately.

EL-PRS Primary research skills e Definestheresearchtopic
or question.

e Carriesout primary data
collectionusing appropriate
and ethical research
methodology.

e Interprets primary datatodraw
valid conclusions.
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Interpersonal skills

IS-WC Written communication e Producesclearformalwritten
communication using
appropriate language

and tone to suit purpose.

IS-V&NC Verbal and non-verbal e Usesverbalcommunication

communications skills effectively to suit
audience and purpose.

e Usesbodylanguage and
non-verbal cues effectively.

e Usesactivelistening skills and
checks understanding when
interacting with others.

IS-T Teamwork e Engagespositively with team
members to understand
shared goals, and ownroles
and responsibilities.

e Respectfully considers the
views of team members and
consistently shows courtesy
and fairness.

e Completesactivitiesinline
with agreedrole and
responsibilities.

e Providessupporttoteam
members to achieve
shared goals.

IS-C&SI Cultural and socialintelligence e Demonstrates awareness of
own cultural and social biases.

e Demonstrates diversity,
tolerance andinclusivity values
intheirapproach to working
with others.
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Solving problems

SP-CT Critical thinking e Demonstratesunderstanding
of the problem orissue to be
addressed.

e Makesuse of relevant
information to build ideas
and arguments.

e Assessestheimportance,
relevance and/or credibility
of information.

e Analyses,interpretsand
evaluatesinformation to
present reasoned conclusions.

SP-PS Problem solving e Presentsacleardefinition of
the problem.

e Gathersrelevantinformation
to formulate proposed
solutions.

e Selectsrelevantand
significantinformation to
formulate proposed solutions.

e |dentifies negative and
positive implications of
proposed solutions.

e Presentsandjustifies selected
solutions to problems.

SP-C&l Creativity and innovation e |dentifiesnew andrelevant
ideas to help solve a problem.

e Refinesideasintoworkable
solutions based on test results
and/or feedback.
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Appendix 3 Digital Skills framework

Problem solving

Using digital tools to analyse and solve problems:

Performance descriptor Unit mapping

Use digital tools and techniques forresearch, collaboration Unit 7
and resolution of problem:s.

Have up-to-date knowledge of ways that technologyisused | Unit7
within a sector.

Presentideas and findings using digital tools. Unit 7

Use digital tools to manipulate data. Unit 7

Digital collaboration and communication

Using digital tools to communicate and share information with stakeholders:

Performance descriptor Unit mapping

Understand and use digital collaboration and communication | Unit7
platforms.

Use collaborationtools to meet with, share and collaborate Unit 21
with customers and colleagues.

Transacting digitally

Using digital tools to set up accounts and pay for goods/services:

Performance descriptor Unit mapping

Use online systems to access and update digital records. Unit 17

Setup accountsto complete transactions. Unit17
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Digital security
|dentify threats and keep digital tools safe:

Performance descriptor Unit mapping

Understand the types of malware. Unit 7
Understand the threatsinvolvedin carrying out online Unit 7
activities.

Protect personal and organisationinformation and data. Unit 7
Keeping systems secure. Unit 7

Handling data safely and securely

Follow correct procedures when handling personal and organisational data:

Performance descriptor Unit mapping

Manage passwords and keep them secure. Unit 21
Identify websites and services that are secure andinsecure. Unit 21
Understand the digital policy forasector. Unit 21
Understand the impact of online data. Unit 21
Understand copyright and intellectual property. Unit 21
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Appendix 4 Sustainability framework

Sustainable development goal

Unit mapping

SDG 4: Quality education All Units
SDG 6: Clean water and sanitation Unit13
SDG7: Affordable and clean energy Units 10 through 22

SDG 8: Decent work and economic growth

Units 3,1Tand 18

SDG 9: Industry, innovation and infrastructure

Unit1, 3,17 and 22

SDG 11: Sustainable cities and communities

Unit1, 3,17 and 22

SDG12: Responsible consumption and production All' Units

SDG13: Climate action AllUnits

SDG 14: Life below water Unit13

SDGI5: Lifeonland Units Tthrough 20
SDG16: Peace, justice and strong institutions Unit 3

SDG17: Partnerships for the goals Units 3and 4
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