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Electrical Engineering

• Electrical Engineering is the branch of engineering that deals with:

1. Energy Conversion to and from electrical energy (Generators and Motors)

2. Transmission of Energy from generators to the loads (Lines, Cables and

Transformers)
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Mission of Power Systems

• The mission of power systems (or electricity networks in general) is to provide

electrical energy with the following contradictory requirements:

1. Adequate, reliable and secure supply

2. Economical and rational use of energy (including environmental concerns)

• These requirements are contradictory because to meet requirement 1, one might

endanger requirement 2.

◦ Example 1: two parallel transmission lines are more reliable than one (requirement

1), but twice more expensive (requirement 2)

◦ Example 2: if all renewable sources are exhausted, one might have to fire up a gas

power plant to satisfy 1 (adequacy), and therefore not fully satisfying 2

(enviromental concerns)
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Redundancy with Renewables

• Redundancy is particularly important when renewables are involved . . .
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Instantaneous Power Balance

• The energy produced by the generators is consumed by the loads and losses in

transformers and transmission lines instantaneously

• Production and consumption must be balanced in real time!

• The best indicator (so far!) to define the power balance is the frequency
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Complications...

• No ideal voltage source exists

• Loads are seldom constant

• The transmission system has resistance, inductance, ca-

pacitance and flow limitations

• Simple systems has no redundancy so the grid will not work

if any component fails

• In a complex system it is difficult to determine the outcome

of a failure

• Blackouts have country-wide consequences and impact on

millions of people!
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Brief history of Power Systems – I

• Early 1880’s – Edison introduced Pearl Street dc sys-

tem in Manhattan supplying 59 customers

• 1883 – The power plant of Santa Redegonda in Milan,

Italy, was the first in Europe.

• 1884 – Sprague produces practical dc motors

• 1885 – Invention of the transformer

• Mid 1880’ – Westinghouse (thanks to Nikola Tesla) introduces rival

ac systems

• Late 1880’s – Tesla patents ac induction motor

• 1893 – First 3-phase transmission line operating at 2.3 kV

• there was an historic battle between ac and dc technologies...
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Brief history of Power Systems – II

• 1896 – AC lines deliver electricity form hydro generation

at Niagara Falls to Buffalo, 20 miles away

• Early 1900’s – Private utilities supply all customers in

area (city); recognized as a natural monopoly; states

step in to begin regulation

• 1920’s – Large interstate holding companies control

most electricity systems
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Brief history of Power Systems – III

• In the USA:

◦ 1935 – US Congress passes Public Utility Holding Company Act to establish

national regulation, breaking up large interstate utilities (repealed 2005)

◦ 1935/6 – Rural electrification Act brought electricity to rural areas

◦ 1930’s – Electric utilities established as vertical monopolies

• In Europe:

◦ Electric utilities were developed in a similar fashion than in the US, in every country

until 1990’s

◦ Both in the US and in Europe, this stayed largely unchanged until the 1990’s with

the introduction of electricity markets concepts.
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Vertical Monopolies

• Until the 90’s, within a particular geographic market, the

electric utility had an exclusive franchise

• In return for this, the utility had the obligation to serve all

existing and future customers at rates determined jointly by

utility and regulators

• It was a “cost plus” business

• Neighboring utilities functioned more as colleagues than

competitors

• Interconnections among utilities started in the 70’s in US

and in the 90’s in Europe

• This system resulted in decreasing rates, so mostly every-

one was happy
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Brief history of Power Systems – IV

• In USA...

◦ 1992 – Major opening of industry to competition occurred as a result of US National

Energy Policy Act of 1992

◦ This act mandated that utilities provide “nondiscriminatory” access to high voltage

transmission

◦ Goal was to set up true competition in generation

◦ Result over the last few years has been a dramatic restructuring of electric utility

industry (for better or worse!)
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Brief history of Power Systems – V

• ... meanwhile in Europe ...

◦ Until the 90’s, in most European countries, generation

and transmission were organized as monopolies

◦ During the 90’s, regional associations formed to both en-

hance security of supply and enable competition through

generation

◦ In June 2008, 26 European electricity transmission sys-

tem operators (TSOs) signed in Prague a declaration of

intent to create the ENTSO-E, which was established in

December 2008 by 42 TSOs
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Why is electrical energy more important today than ever before?
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Challenges for the 21th Century

• Electricity markets and deregulation (no generation monopoly)

• From few large power plants to many small ones

• Environmental constraints led to the boom of renewable resources...

• ... but, renewables often introduce high uncertainty

• Load demand response and flexibility

• Telecommuncations and IoT (smartgrids)

• Resilience (microgrids)

• Long distance dc connections (supergrids)

• Ubiquitous power electronics (no inertia!)

• Electric vehicles

• Sustainability
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What is a Smart Grid?

• A smart grid can be defined as:

Smart Grids = Cyber-Physical Power Systems

• The future energy system will be a complex cyber-physical system comprised by

different domains interacting with interconnected electrical power apparatus,

through the cyber-system used to manage it.
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What is a Supergrid?

• A supergrid is a wide-area transmission network, generally trans-continental or

multinational, that is intended to make possible the trade of high volumes of electricity

across great distances.

source: UCD Energy Institute
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What is a Microgrid?

• A microgrid is a group of interconnected loads and distributed energy resources with

clearly defined electrical boundaries that acts as a single controllable entity with

respect to the grid and can connect and disconnect from the grid to enable it to operate

in both grid-connected or island mode (from DoE, US).
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Interaction between Power Systems and ICT

• Cyber-physical system:

source: SmartGrids.eu
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Example: Wide-area control systems (WACS)

• WACS include an ICT platform that merges the input measurement data and

transforms it to a useful input signal for controllable devices to perform a given function.

• WACS consists of:

◦ a number of synchronized phasor measurements units (PMUs);

◦ a communication network;

◦ a computer system termed phasor data concentrator (aggregates and time-aligns

data from different sensors);

◦ a real-time computer system where control functions are implemented;

◦ a physical component that varies electrical quantities following the control function;

and

◦ using the GPS system for timing.
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Sustainability

• Sustainability is a societal goal that relates to the ability of people to safely co-exist on

Earth over a long time (source: Wikipedia).

• Some suggest to add a fourth dimension: cultural sustainability
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Weak and Strong Sustainability

• Weak sustainability assumes that the sustainability problem can be solved through

technological progress (human capital). Weak sustainability is generally the one

addressed by governments and businesses.

• Strong sustainability states that nature (or natural capital) provides resources and

ecosystems that cannot be replaced by technology. For example: biodiversity,

pollination, fertile soils, assimilation capacity, clean air, clean water, and climate

regulation.
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Carbon and Climate Neutrality

• Carbon Neutrality is a state of net-zero carbon dioxide emissions (source: Wikipedia).

• Climate Neutrality reflects the broader inclusiveness of other greenhouse gases in

climate change (source: Wikipedia).

• the ultimate goal is to reduce global warming, which is caused by greenhouse gases

(GHGs).
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Net Zero

• Net zero means achieving a balance between the greenhouse gases put into the

atmosphere and those taken out (source: NationalGrid).

• Net zero has a broader scope than reducing the carbon footprint and targets all GHGs

(e.g., methane or sulphur dioxide) not only carbon dioxide.

• Differently from the carbon neutrality, net-zero aims at achieving specific targets, e.g.,

the Paris Agreement of 2015 set that the warming of the earth must be limited to a well

below 2◦C increase and ideally not more than 1.5◦C above pre-industrial levels.

• Real zero refers to sectors (such as the energy sector) aiming to completely eliminate

carbon emissions from their operations.
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The Road to Net Zero

• The Paris agreements established a process for: all countries to set out their plans to

reduce emissions (Nationally Determined Contributions or NDC).

• Governments are also setting incremental targets and measures for the public and

private sectors.

• We need not only to reduce emissions (e.g., use of renewable energy) but also remove

existing GHGs (carbon sequestration or carbon capture and storage, CCS).
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Net Zero in Ireland

• The Minister for the Environment, Climate and Communications, Eamon Ryan TD, has

welcomed the signature by the President on the 23rd of July 2021 the Climate Action

and Low Carbon Development (Amendment) Act 2021.

• Ireland is now on a legally binding path to net-Zero emissions no later than 2050, and

to a 51% reduction in emissions by the end of this decade.

• The Act provides the framework for Ireland to meet its international and EU climate

commitments and to become a leader in addressing climate change. (source: gov.ie)
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Can We Make it?

• Many reports from international and national institutions (see, e.g., Intergovernmental

Panel on Climate Change or IPCC) have already indicated that we are running out of

time.

• The Glasgow Climate Pact has established that there is urgent need to:

◦ reduce CO2 emissions by 45%

◦ move away from coal power and fossil-fuel subsidies

◦ developed countries have to invest more money (US$ 100bn)

◦ define a clear guidance on how to reach the targets

Outlines – 26



Contents of This Module

• Phasors and AC circuit analysis

• Electrical machines

• Power systems
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AC Circuit Analysis

• Circuit theory of steady-state ac circuits

• Magnetic circuits

• Concepts and analysis of:

◦ Single-phase circuits

◦ Three-phase circuits
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Electrical Machines

• Modelling, analysis and applications of:

• Transformers

• Induction Machines

• Synchronous machines
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Power Systems

• Power system analysis

• Power flow analysis (basics)
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Methodologies

• Three fundamental and conceptually different methodologies:

• Circuit theory

• Electrical machine modelling

• System analysis

• This module is challenging!
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Chronological Sequence

• Single-phase AC circuits

• Magnetic Circuits

• Transformers

• Energy Conversion

• Three-phase AC circuits

• Induction Motors

• Synchronous Generators

• Power System Analysis

• Power Flow Analysis (basics)
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Interdependencies

AC Electric

Modelling / Electric Machines

System Analysis

Magnetic Energy
ConversionCircuits

Lines
Transmission

Transformers
Induction

Motors
Synchronous

Generators

Power System
Analysis

Power Flow
Analysis

Circuits

Circuit Theory / Physics
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Objectives

• Analysis of ac electrical circuits, incorporating electrical circuit models for various

power system components

• Introduction to real and reactive power concepts

• Analysis of 3-phase circuits consisting of balanced and unbalanced star /delta

connected loads

• Development of electrical equivalent circuit models of transformers, induction and

synchronous machines: analysis of such models and interpretation of obtained results

• Introduction to power system analysis tools, including network models and power flow

analysis
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Relevant Modules – Past

• Stage 1

◦ Electronic and Electrical Engineering – EEEN 10010

◦ Energy Engineering – MEEN 10050

◦ Energy Challenges – MEEN 10070

• Stage 2

◦ Electrical and Electronic Circuits – EEEN 20020

◦ Engineering Electromagnetics – EEEN 20030
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Relevant Modules – Future

• Stage 3

◦ Power Systems Engineering – EEEN 30070

◦ Electrical Machines – EEEN 30090

• Stage 4

◦ Power System Operation – EEEN 40080

◦ Power System Design – EEEN 40090

◦ Power System Dynamics & Control – EEEN 40550
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Course Outline

• Lectures will be given by Prof. Federico Milano

• TA Pablo Federico Prystupczuk will run the tutorials and the on-line labs

• Contacts:

◦ Federico Milano: federico.milano@ucd.ie

◦ Pablo Federico Prystupczuk: pablo.prystupczuk@ucdconnect.ie

◦ Cathal O’Loughlin: oloughlin.cathal@ucd.ie
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Module Structure & Assessment

• 30× 1 hour lectures and worked problems (in person and recorded)

• 8 virtual labs based on Jupyter Notebooks (on-line, about 30 minutes each)

• 2 electrical machine labs (in person, about 2 hours each)

• 6× 1 hour tutorials (in person)

• 64 hours autonomous learning

Component % Final Grade

Examination 60

Midterm class test 20

Labs 20
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Lectures

• 3 timetabled lectures a week

◦ Monday @ 10:00am: Room VIL-Aud

◦ Tuesday @ 2:00pm: Room VIL-Aud

◦ Wednesday @ 10:00am: Room Q043
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Proposed Problems

• Proposed problems on each topic of the module are available on the module webpage

• Strongly recommended that you complete them!
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Mid-Term Class Test

• The mid-term test will be on Wednesday 8th of March 2023

• The test consists in three questions on AC circuits, magnetic circuits and single-phase

transformers.

• Students are required to solve any two of the three questions.
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Jupyter Notebooks

• Quizzes → Jupyter Notebooks & Google forms

◦ Complex numbers (not evaluated)

◦ Electrical and magnetic circuits

◦ Transformers

◦ Energy conversion

◦ Three-phase AC circuits

◦ Induction machines

◦ Synchronous machines

◦ Electrical energy systems
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Jupyter Notebooks

• Jupyter Notebooks can be completed through any web browser.

• You will received the Jupyter Notebook files (extensions “.ipynb”) by e-mail.

• Upload the Jupyter Notebook to a public server, i.e.:

https://colab.research.google.com/

• After uploading to google colab. Click File > Save a copy in Drive.

• You will receive the message:

• Click “Open in new tab” and then work on that file.
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Bibliography – Basic

James L. Kirtley

Electric Power Principles Second Edition

Wiley
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Bibliography – Advanced

• Electric Power Systems, B.M. Weedy, B.J. Cory, N. Jenkins, J.B. Ekanayake, G. Strbac

(Wiley, 5th Edition)

• Power Systems Analysis and Design, J.D. Glover, M. Sarma, T. Overbye (PWS

Publishing, 5th Edition)

• Electric Energy: An Introduction, M.A. El-Sharkawi (CRC Press, 3rd Edition)

• Electric Machines – Theory, Operation, Applications, Adjustment, and Control,

C.I. Hubert (Prentice Hall, 6th Edition)
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Links

• Website of the module:

http://faraday1.ucd.ie/modules/systems.html

• Brightspace:

https://brightspace.ucd.ie
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Diagnostic Test

• This diagnostic test is comprised of 5 questions checking your understanding of

different topics.

• You should use only tour previous knowledge to respond to the questions (no internet!).

• The test is available at the following Google Form:

https://goo.gl/forms/NVjGb4SB3DMaECFq1
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Question 1

• Aejθ can be rerwitten as:

1. A cos(θ) +A sin(θ)

2. A cos(θ) + jA sin(θ)

3. A cos(θ)− jA sin(θ)

4. A cos(θ)

5. jA sin(θ)

6. All the above
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Question 2

• Consider an electrical socket as the one shown in

this slide. Indicate which of the following statements

is false.

1. The voltage is imposed

2. The frequency is imposed

3. The current is imposed

4. The power is imposed
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Question 3

• Consider an European electrical socket. Indicate

which of the following statements is false.

1. The peak voltage is about 311 V

2. The average voltage is 0.

3. The magnitude of the voltage is positive.

4. The voltage is constant.
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Question 4

• Indicate which of the following statements is true.

1. Electric energy can be transmitted only through

overhead transmission lines

2. Energy can be transmitted only as electric en-

ergy

3. Electric energy can be utilized as such, without

any energy conversion

4. Electric energy is found in nature and can be

thus be produced without any energy conversion

5. None of the above
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Question 5

• Indicate which of the following statements is false.

1. It would take only around 0.3% of the world’s land

area to supply all of our electricity needs via solar

power

2. Solar panels can still work in cloudy conditions

3. Wind turbines that can generate up to 5·106 Watts

are common nowadays

4. To substitute 1 MW of installed capacity of con-

ventional fossil fuel-based generation, one needs

to install 10 MW of wind-based generation

5. None of the above
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Question 6

• Indicate which of the following statements is false.

1. A supergrid is a large smart grid

2. A microgrid is a tiny smart grid

3. Supergrids and microgrids cannot coexist in the

same network

4. Supergrids are expected to improve sustainabil-

ity

5. Conventional power systems differ from smart

grids because they do not include communica-

tion systems
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Question 7

• Net Zero differs from Carbon Neutral because:

1. It has a narrower scope

2. It fixes precise deadlines for the achieve-

ment of the objectives

3. It focuses on economy not technology

4. It considers all greenhouse gases

5. They are substantially the same thing and

are the preliminary step to “real zero”
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Question 8

• Which one of the following methods

to prepare 280 millilitres of coffee

has the biggest carbon footprint?

1. Encapsulated coffee

2. Brewed coffee

3. Soluble coffee

4. Traditional filter coffee

5. Italian moka
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Question 9

• Choose a country (for example, the country where you were born or the country where

you live) and indicate if it has set an official plan, law, or act to achieve net zero. If so,

list the key points of such a plan. If not, describe which actions you think that could be

taken by this country to achieve net zero.
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