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Presented by Dr. Steve Mackay – Dean

› ~40 years engineering experience across 
continents - in electrical, mechanical, 
chemical and industrial automation. And 
in a range of industries: mining, oil and 
gas, building, power plants and industrial 
software.

› FIE(Aust) CPEng GCC BSc(ElecEng), 
BSc(Hons), MBA, MMR, PhD

› Chartered professional electrical, 
mechanical and chemical engineer.

› Driven by curiosity and a love for learning 
in engineering and science.



An Overview: 1991 – 2022
IDC Technologies and the Engineering Institute of Technology
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We are a dual sector education and training provider with a global reach.

We have clearly articulated qualifications - from diplomas through to a doctorate 
degree.

EIT’s qualifications reflect the needs of the industry

Our sole focus is engineering, with 300+ lecturers who have strong industry 
experience

We have face-to-face, blended and online  platforms of      learning. (Our 
live, interactive online methodology was launched in 2008.)

We run engineering conferences in Australia, NZ, South Africa, the UK 
and Canada…. And now virtually too.

We have global partnerships and accreditation - from IEEE to ISA.



Our Online Approach

Student Support
Lecturers, online students, and those based on campus 
have dedicated Learning Support Officers (LSOs).

Online Learning
Synchronous, online learning results in good, globally 

composite class sizes and suppresses attrition rates.

Labs
EIT students access high quality and realistic 
virtual and remote labs for their applied learning.

Value for Money
Students get value for money with 

competitive fees and careful international 
pricing.

Lecturers/Instructors
Selected from around the world for 
their sound industry experience 

Research
Research and on-going monitoring 
helps EIT to continuously improve.

Industry Input
EIT qualifications are driven by 

industry to prepare students for 
the workplace.

Libraries
EIT students have access to 
substantial online libraries.



Physical, Remote and Virtual Labs

› High availability and asynchronous – anytime.
› Access to specialized equipment in a safe and near-

limitless testing environment.
› No geographical barriers with diverse and global 

teams.

› Stimulating experiments – Virtual labs.
› Remotely operated plants – Remote labs.
› Engineering education 4.0 – Traditional lab with an 

innovative twist.
› Accurate representation of current industry hands-on



Student Experience Survey Results

#1 Provider in Australia for 
Quality of Entire Educational 

Experience for Undergraduate 
Engineering Programs*

#2 Provider in Australia for 
Student Support for 

Undergraduate Engineering 
Programs*

#2 Provider in Australia for 
Teaching Quality for 

Postgraduate Engineering 
Programs*

Ranked in the Top 6 Providers 
in Australia for Skills 

Development for Postgraduate 
Engineering Programs*
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“The roots of education are bitter, 
but the fruit is sweet”

- Aristotle

1. The Story – The Thesis and the Threads



Today’s Objective

How to apply sustainability and automation to your 
engineering projects – in the areas of electrical, 

mechanical, civil and industrial automation 
engineering - as applied to such diverse areas as 

mining, infrastructure, construction, defence, 
energy, water, transport, medical, manufacturing 

and consultancy. 



The stuff of today

Firstly - the premise upon which this session is based: 

There is significant growth in climate change engineering, which includes the drive for 
sustainability, cost efficiencies and automation. This will impact on your work.

With this in mind:

I will call on you (and your fellow attendees) to share your perspective on the future of 
engineering in South Africa. 

Finally:

In small groups - you will be tasked with outlining your team’s approach to a practical 
engineering project given to you. 



In a little more detail

Review of Climate Change

A little about renewables

Specific engineering design approaches
• Electrical Generation – T&D - Demand

• Water and Wastewater 

• Building Construction

Case Studies

Wrap-up



“We are continually faced by great opportunities 
brilliantly disguised as insoluble problems”

- Lee Lacocco

2. Review of Climate Change



Source: Climate Commission http://www.climatecouncil.org.au/



The thickness of the atmosphere and the 
concentration of its gases influence the 
surface temperature on any planet.  

Source:  Climate Generation, Elizabeth Andre



What’s the difference?

Global Warming

Is the increase of the Earth’s average surface temperature due to a 
build-up of greenhouse gases in the atmosphere.

Climate Change

Is the long-term changes in climate, including average temperature 
and precipitation.  It recognizes that, although the average surface 
temperature may increase, the regional or local temperature may 
decrease or remain constant.

©  2007National Wildlife Federation



This map shows the five-year average 
variation of global surface 
temperatures from 1884 to 2012. 
Dark blue indicates areas cooler than 
average.
Dark red indicates areas warmer than 
average.

Source: NASA Climate http://climate.nasa.gov/key_indicators#globalTemp

http://climate.nasa.gov/key_indicators#globalTemp


Carbon Dioxide (CO2)

©  2007National Wildlife Federation

Fossil fuels (coal, oil, natural gas)

How Global Warming Works



Temperature & CO2 Data

Source: NASA Goddard Space Flight Center 

http://data.giss.nasa.gov/gistemp/graphs_v3/
Source: NASA Climate, Data from NOA 

http://climate.nasa.gov/key_indicators#co2 



Global Sea Level Rise

Visit: http://climate.nasa.gov/key_indicators for interactive charts 

on sea level and other key climate change indicators.

Source: NASA Climate 

http://climate.nasa.gov/key_indicators#seaLevel 

http://climate.nasa.gov/key_indicators


Sources: 
› Mauna Loa Observatory, NOAA: 

ftp://aftp.cmdl.noaa.gov/products/trend
s/co2/co2_annmean_mlo.txt

› Law Dome Ice Core, Carbon Dioxide 
Information Analysis Center: 
http://cdiac.ornl.gov/ftp/trends/co2/law
dome.combined.dat

Historic Atmospheric CO2 Concentrations



“Warming of the climate system is unequivocal, 
human influence on the climate system is clear…”

- The Intergovernmental Panel on Climate Change, January, 2014, Press Release



Fossil Fuels…



Take-Home Messages from Climate Change Science

› Global Warming is serious

› A global mean temperature increase of 4 to 5 degrees results in an Arctic increase of 
around 20 degrees.

› Solar Management is a form of climate repair that increases albedo of earth

› Can create problems with flooding/drought/hurricanes

› Reflecting sunlight back into space may be the ultimate solution

› Reduction of reliance on fossil-fuels as soon as possible is needed.

› There is no one-all miraculous solution.

(Thanks for this succinct summary from: New Tools for Climate Repair: an Introduction for Engineers. Professor 
Jim Haywood Sep 19, 2019

Institution of Mechanical Engineers – IMechE)

https://www.youtube.com/channel/UC8BKeWsn1E0uhN0c0x7-AMw


“Don’t let what you cannot do interfere 
with what you can do.”

- John R. Wooden

3. Renewables



Energy Resources (Renewables)



UK Renewables

The UK uses renewable energy resources to generate heat and electricity. Put these 
renewables in order from largest to smallest contributors to electricity generation.

Largest contributor

Smallest Contributor

Onshore Wind 29%
Other Bioenergy 28%
Offshore Wind 21%
Solar PV 12%
Hydroelectric 6%
Landfill Gas 4%



UK Energy Mix
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Propeller 
Blade

Nacelle 
containing 
generator

Tower

Wind farm

Wind turbine

• Strong winds
• Clear hilltop
• Turbines in prevailing 

wind direction

Wind



The amount of power, and therefore electricity, a 
wind turbine can produce is largely based on wind 
velocity using this equation:

Power = ½ ρAV3

ρ = air density; ~1 kg m3

A = swept area (π r2 )
V = velocity (m s-1)

Power is measured in 
Watts

Larger wind turbine = more power

Higher wind speed = lots more power

Wind



› UK has 9,220  wind turbines (Oct 2018) 
with a capacity for 20.1 gigawatts – 6th

largest producer of wind power in the 
world

› In 2017 17% of UK electricity was 
generated from wind power (29% by 
renewables in total) 

© 2014 Syon Geographical Ltd.

Wind



25.7 MW Lauingen Energy Park in Bavarian Swabia, Germany

Solar



› Thermal solar panels are used 
to generate heat energy, 

› Photovoltaic (PV) cells made 
from silicon turn sunlight 
directly into electricity

› 3.4% of total electricity was 
generated by Solar PV in the 
UK in 2017 (29% by 
renewables in total) 

Solar



› South of UK has ‘solar potential’ 
equal to Germany which generates 
7% of electricity from solar PV.

› Solar panels are expensive. You 
need a lot of them and they 
require rare metals such as 
cadmium and indium.

› An average UK house uses around 
3kW of energy each year – you 
need 12-15 solar panels to 
generate this much power.

UK solar a potential

Solar



Geothermal



› Geothermal energy = heat energy 
from the Earth

› Decay of radioactive elements and 
residual heat from planetary 
formation 4.5 billion years ago

› Water is pumped down into hot rock 
where it is heated.

› Steam can then be used to heat 
buildings directly or to generate 
electricity by spinning a turbine.

Nesjavellir Geothermal Power Station, Iceland

Geothermal
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› ~ 190 ˚C granite 4.5km beneath 
Cornwall.

› United Downs Geothermal Energy 
Project has funding to build a pilot 
geothermal energy plant 

› 10MW of electricity and 55MW of 
heat.

© BGS (NERC)

Geothermal



Hydroelectric

› Hydroelectric power harnesses the 
kinetic energy of running water. 

Water flows downwards with 
gravity to spin a turbine.
More reliable than solar and 
wind power.
Hydroelectric dams are very 
expensive and can harm wildlife.
1.5% electricity from 
hydroelectric schemes in the UK 
(29% total)

Reservoir of 
water

Hydroelectric 
dam

Turbine

Generator



Hydroelectric

705 GWh per year

Cruachan Power Station, Argyll and Bute, Scotland



Biofuels

› Biofuel - either directly from plants or from waste.
› Main UK sources are wheat and cooking oil
› Bioethanol – used as fuel and as a petrol additive to increase octane and lower carbon emissions
› Biodiesel – used as fuel and used to reduce levels of particulates and carbon monoxide in diesel powered 

vehicles



Biofuels

Biofuel makes up 3% of all UK road and non-road 
fuel (2016) and 9% of UK electricity generation

In 2016 93,000 ha were used for biofuels, 41,000 
ha of this was to grow wheat (DEFRA)

Ethical and environmental issues



“The whole purpose of education is to 
turn mirrors into windows”

- Sydney J. Harris

4. Specific Engineering Design Approaches



4.1 Electrical Engineering



4.1 Electrical Engineering

Climate Hazard Key Impacts Impacted Segment Adaption Strategies

Increased air 
temperatures

› Lower generation efficiency
› Decreased coal-to-gas conversion 

efficiency
› Decreased combined cycle gas turbine 

efficiency
› Decreased solar PV efficiency

Generation

› Implement air chillers or more 
efficient chillers

› Site new generation in cooler 
locations

› Reduced carrying capacity of lines and 
transformers

› Increased losses in lines and transformers

Delivery – Transmission & 
Distribution

› Underground hardware
› Use more heat-resistant materials
› Implement more effective cooling 

for transformers

› Increased peak demand and total energy 
demand for cooling

Demand-End Use
› AC energy efficiency
› Building thermal efficiency
› Peak load shifting



4.1 Electrical Engineering

Climate Hazard Key Impacts Impacted Segment Adaption Strategies

Increase in 
precipitation

› Reduced combustion efficiency due to 
increased moisture content of coal

Generation

› Protect coal stockpiles
› Switch to fuel that is more 

moisture-resistant (e.g., natural 
gas)

› Damaged power lines from snow and ice
› Flooding of underground infrastructure
› Damaged towers due to erosion

Delivery – Transmission & 
Distribution

› Improved flood protection for 
equipment at ground level

› Use covered and/or insulated 
conductors

› Include lightning protection (e.g., 
earth wires, spark gaps) in the 
distribution network



4.1 Electrical Engineering

Climate Hazard Key Impacts Impacted Segment Adaption Strategies

Decrease in 
precipitation

› Decreased availability of freshwater for 
thermal cooling

Generation

› Switch to recirculating or dry 
cooling

› Switch to more “water-efficient” 
fuels (e.g., natural gas, wind, 
solar)

› Increase volume of water 
treatment system

› Restore/reforest land



4.1 Electrical Engineering

Climate Hazard Key Impacts Impacted Segment Adaption Strategies

Sea level 
rise/increased 
storm surge 
during hurricanes 
and tropical 
storms/increased 
nuisance flooding 
during high tides

› Flooding/damage to coastal/low-lying 
infrastructure

Generation
Delivery-Transmission & 
Distribution
Demand-End Use

› Implement flood control (dams, 
dikes, reservoirs, polders, etc.)

› Improve coastal defences 
(seawalls, bulkheads, etc.)

› Build in and/or relocate to less 
exposed locations

› Raise structure levels
› Improved drainage systems
› Product fuel storage



4.1 Electrical Engineering

Climate Hazard Key Impacts Impacted Segment Adaption Strategies

More 
frequent/severe 
extreme events 
(floods, typhoons, 
drought, high 
winds, etc.)

› Damaged infrastructure
› Disrupted supply chains and offshore 

activity
› Damage to facilities related to soil erosion

Generation
Delivery-Transmission & 
Distribution

› Same as above
› Concrete-sided buildings instead 

of metal
› Implement more rigorous 

structural standards
› Implement porous materials for 

better wind flow
› Increased decentralized energy 

generation
› Cite infrastructure away from 

heavily wooded areas/rigorously 
prune trees



4.2 Water and Waste Water Treatment



Atlantic Canada impact on W&WWP

› In winter freezing rain and severe 
snowstorms

› Power Outages

› Increased spring flooding

› Submerged water and wastewater 
infrastructure

› Autumnal hurricanes and severe rain events

› Rural communities in particular hard hit

› Mobile generators/pump trucks at Water & 
WWP 

› Rogue waves and flooding with salt water

› In summer droughts and water conservation 

› Water treatment/quality concerns

› Bulk municipal water demands

› Septic conditions (odours) due to low flows

› Operational issues at WWTP

› Potential effluent discharge issues for small 
WWTP

› Blue green algae formation (kills animals)



Climate Resilient Infrastructure

› Planned, designed, built and operated that anticipates, prepares 
for and adapts to changing climate conditions

› Withstand, respond to, and recover rapidly from disruptions 
caused by climate

› Previously only looked at historical data – now need to look at 
historical and climate models



Mitigation and Adaption

Mitigation

› Reducing energy demand by 
increasing energy efficiency

› Phasing out fossil fuels by switching 
to low carbon

› Removing CO2from atmosphere

Adaptation

› Rainwater storage

› Reducing paved areas

› Air-conditioning 

› Raising pumps at WWTP

› Public awareness campaigns

› Climate Change Planning Tools

› Seawalls/managing retreats



Projected Change in Atlantic Canada

Known Changes

› Increase in extreme temperature parameters

› Increase in precipitation intensity

› Melting of permafrost

› Increases in extreme water levels

Likely Changes

› Increase in freezing rain

› Decrease in snow

› Increase in wave energy

Highly Unknown

› Increase in wind/gusts/changes to direction

› Decreases in visibility



4.3 Building Construction











“Education is what remains after one has 
forgotten what one has learned in school”

- Albert Einstein

5. Case Studies



Waste Water Treatment Plants

Picture Copyright Aerofloat Australia



Oil Refineries on the Coast

Picture copyright Bloomberg Inc.



Motor Control Centres

Picture Copyright of TM Process and Controls, Inc.



Housing Estates on the River

Image is copyright of United Country Real Estate



Gold Mines in Western Australia

Image copyright of Anglo Gold Ashanti



Road-making

Image is copyright of Popular Mechanics



Break into groups – Select one case study

Your Mission:
1. What is your greatest climate challenge?
2. List one Mitigating Strategy Point.
3. List one Adaption Strategy Point.
4. Can automation assist your mission?



6. Wrap-up
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Course Type Intakes/start date

Professional Certificate of Competency courses (short courses) Throughout the year

Diploma & Advanced Diploma courses Throughout the year

Undergraduate Certificates 25 July 2022

Bachelor of Science degrees 25 July 2022

Graduate Certificates 27 June 2022

Master of Engineering degrees 27 June 2022

Doctor of Engineering 25 July 2022

On Campus Bachelor’s, Master’s and Doctor of Engineering programs 1 August 2022

See our full course schedule here: www.eit.edu.au/schedule/ 

Upcoming EIT Courses

We have a range of courses in Civil, Electrical, Mechanical and Industrial Automation 
Engineering. 

https://www.eit.edu.au/schedule/
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