COURSE TITLE: Solar Energy Technologies Part IA&IIA
Lecturer(s): 
- Prof. Rob Miles, Prof. Reddy (Part IA, 20120924-20120928)

- Prof. Nicola Pearsall, Dr. Neil Beattie (Part IIA, 20121119-20121123)
Duration: 2 weeks
Introduction to the Course:
This Course provides an introduction to solar photovoltaic and solar thermal energy generation. These two technologies have an important role to play in addressing current issues associated with fossil fuel-based energy generation such as climate change, security of supply and finite resources. As world energy demands increase, so too do the opportunities for solar energy technologies.  Through this course, students will develop a detailed understanding of photovoltaic and solar thermal energy technologies that can be applied in future practice or further study.

Course Aims: The aims of this Course are to:

· Study solar photovoltaic and thermal energy technologies from governing physical and engineering principles through to application and market
Learning Outcomes

By the end of this Course students should have gained:

· Knowledge and Understanding:

Photovoltaic devices:

· Physics of solar cell devices

· Optical properties of semiconductors, energy bandgap

· pn junction, IV characteristic, device parameters

· Effect of temperature on solar cell performance

· Silicon absorber materials

· Fabrication technologies

· Characterisation techniques

· Thin film photovoltaics

· Third generation photovoltaic concepts

Photovoltaic systems:

· System components and design

· Sizing of systems

· Stand alone and grid connected systems

· Building integrated photovoltaic systems

· Grid connection and associated issues

· System performance and parameters

· Monitoring of photovoltaic systems

Photovoltaic markets, policy and economics:

· Global markets and demand

· Economic analysis, incentive schemes

· Environmental impact assessment

· Energy payback time and CO2 emissions savings

· Intellectual Skills:

the ability to analyse photovoltaic cell and system performance and relate this to fundamental operating principles;

the ability to solve problems in photovoltaic cells and systems

· Professional Practice Skills: 

the ability to evaluate the advantages and disadvantages of solar energy technologies and to benchmark them in context of other renewable energy technologies;

the ability to assess the suitability of a potential photovoltaic installation

the ability to quantify the potential benefits of a solar energy installation;

· Transferable Skills: 

the ability to analyse and evaluate basic characteristics (such as performance and cost) of renewable energy technologies;

basic materials physics knowledge and familiarity with widely applicable characterisation techniques;
Course Book: 

· Physics of Semiconductor Devices, S. M. Sze, Wiley

· Semiconductor Devices, Physics and Technology, S. M. Sze, Wiley

· Solar Cells and Their Applications, Ed. Partain, Wiley

· Applied Photovoltaics, S. R. Wenham, M. A. Green, M. E. Watt, R. Corkish, Earthscan

· Progress in Photovoltaics: Research and Applications (journal), Wiley

· Solar Energy Materials and Solar Cells (journal), Elsevier

· Proceedings of IEEE Photovoltaic Specialist Conference

· Proceedings of European Photovoltaic Solar Energy Conference

· PVCDROM, pveducation.org, http://pveducation.org
· SOLAR THERMAL REF
Teaching Methods

The module is based on a combination of lectures and seminars, with directed and independent learning to add detail to the delivered material. Seminars are used to work on example problems with feedback provided in the session.  Students are also providing with suggestions for additional reading to support the material delivered during lectures.

Lectures

Lectures will primarily used to introduce and develop concepts in solar energy.  This includes worked examples to augment students’ learning.  The form of the lecture may be adapted to include more examples (seminars), software demonstrations or electronic resources.

Exercises
Exercises give you an opportunity to apply learning developed during coursework and to improve your understanding of solar energy technologies.  Exercises are focused on the practical application of solar energy technologies and are therefore directly relevant to practice.
Teaching Schedule: 
Week 1:   Prof Robert & Reddy
	Teaching room: West 5 Building 306/310/316/217
	Monday 
	Tuesday 
	Wednesday 
	Thursday 
	Friday 

	8:30-10:00am. (session one)
	Band theory of solids Semiconductors: equilibrium and non-equilibrium properties     (K. T.R.Reddy )
	pn junction; Principles of operation of solar cells.     (K. T.R.Reddy )
	Thin film photovoltaics: αSi:H, CdTe and CIGS solar cells  (K. T.R.Reddy )
	Thin film photovoltaics: αSi:H, CdTe and CIGS solar cells  (K. T.R.Reddy )
	Third generation photovoltaic concepts; Characterisation of solar cell materials and devices. (K. T.R.Reddy )

	10:00-10:15am.
	Break time
	Break time
	Break time
	Break time
	Break time

	10:15 -11:45 am. (session two)
	Band theory of solids Semiconductors: equilibrium and non-equilibrium properties (Robert Miles)
	pn junction; Principles of operation of solar cells. (Robert Miles)
	Silicon solar cells Solar cells based on the use of the III-V compounds (Robert Miles)
	Thin film photovoltaics: αSi:H, CdTe and CIGS solar cells (Robert Miles)
	Third generation photovoltaic concepts; Characterisation of solar cell materials and devices. (Robert Miles)

	11:30-2:30 pm.
	Lunch Hour
	Lunch Hour
	Lunch Hour
	Lunch Hour
	Lunch Hour

	2:30 -4:00 pm. (session three)
	Band theory of solids Semiconductors: equilibrium and non-equilibrium properties (Reddy/Miles)
	pn junction; Principles of operation of solar cells. (Reddy/Miles)
	Silicon solar cells Solar cells based on the use of the III-V compounds (Reddy/Miles)
	Thin film photovoltaics: αSi:H, CdTe and CIGS solar cells (Reddy/Miles)
	Third generation photovoltaic concepts; Characterisation of solar cell materials and devices. (Reddy/Miles)

	4:00-4:15 pm.
	Break time
	Break time
	Break time
	Break time
	Break time

	4:15-5:45 pm. (session four)
	Independent Learning
	Independent Learning
	Independent Learning
	Independent Learning
	Independent Learning


Week 2:   Prof Nicola & Dr. Beattie
	
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	8:30-10:00
	PV systems introduction (NP)

Introduction to Solar II-B

PV System definition
	Grid connected systems (NP)

Principles

Large scale
	Stand alone systems (NB)

Principles

Applications
	Performance (NP)

Measurement

Parameters

Standards
	PV Economics (NB)

Market

Lifecycle analysis

	10.00-10.30
	Break
	Break
	Break
	Break
	Break

	10.30-11.30
	PV systems introduction (NB)

Components

Cells, modules, arrays
	Grid connected systems (NP)

BIPV

Grid connection

	Stand alone systems (NB)

Calculations

Design
	Performance (NP)

Performance calculation

Fault analysis
	Environment & policy (NP)


	11.30-14.00
	Lunch break
	Lunch break
	Lunch break
	Lunch break
	Lunch break

	14.00-15.30
	Assignment Presentations (NB/NP)
	Grid connected systems (NP)

Design
	Stand alone systems in PVSYST (NB)

Simulation
	Data acquisition (NB)

Module IV

Monitoring with LabVIEW

Climatic conditions
	Economics & environment (NP/NSB)

Cradle to grave analysis

Cradle to cradle

	15.30-16.00
	Break
	Break
	Break
	Break
	Break

	16.00-17.30
	Assignment Presentations (NP/NB)
	Introduction to software tools (NB)

PVSYST & PVGIS
	Exam practice (NP)

Example questions
	Northumberland building case study (NB)

System overview

Data analysis
	Wrap up (NP/NSB)


