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What is Smart Grids?
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Traditional Power Grid
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Å Centralized, bulk generation

Å Heavy reliance on coal and oil

Å Limited automation

Å Limited situational awareness

Å Consumers lack data to manage energy usage
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Smart Grid
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Definition of Smart Grids
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A smart grid is an electricity network that uses digital and other advanced 

technologies, such as cyber-secure communication technologies, automated and 

computer control systems, in an integrated fashion to be able to monitor and 

intelligently and securely manage the transport of electricity from all generation 

sources to economically meet the varying electricity demands of end-users.

{ƳŀǊǘ ƎǊƛŘǎ ƛǎ ƴƻǘ ŀ ΨǘƘƛƴƎΩΣ ōǳǘ ŀ ΨǾƛǎƛƻƴΩΗ
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Characteristics of the smart grid based on functionality approach
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1. Optimizeasset utilization and operating efficiency.

2. Accommodateall generation and storage options.

3. Providepower quality for the range of needs in a digital economy.

4. Anticipate and respond to system disturbances in a self-healing manner.

5. Operateresiliently against physical and cyber-attacks and natural disasters.

6. Enableactive participation by consumers.

7. Enablenew products, services, and markets.

People talk about smart girds from various aspects, such as asset management, data communication 
and metering technologies, information/data security, instrumentation and automation, electricity 
market and demand management, power conversion, energy storage, electric vehicles, HVDC and 
FACTS, power quality, renewable integration, artificial intelligence, etc.. 
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Renewable Energy
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Renewable Sources
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Image source: https://www.dreamstime.com/illustration/non-renewable-energy.html
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Solar Energy Conversion
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A solar power plant works on the concept of conversion of sunlight into 

electricity either directly using:

ÅPhotovoltaic(PV) cells or solar panels; or 

ÅConcentrated Solar Power (CSP)

ωCSP systems use lenses or mirrors and tracking systems to focus a large 

area of sunlight into a small beam. 

ωPhotovoltaics converts light into electric current using the photoelectric effect.
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Solar Panels
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A photovoltaic system typically includes:

Solar Panel or an array of solar modules: To absorb and directly convert sunlight into 

electricity.

An inverter: To change the output electrical current from DC to AC

A battery

A solar tracker

Mounting, interconnecting cabling, and other accessories
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Solar Energy
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Image source: https://www.pv-magazine-
australia.com/2020/06/19/south-australias-
rooftop-solar-could-be-switched-off-on-the-
way-to-100-renewables/

Image source: 
https://reneweconomy.com.au/i
ts-not-easy-to-build-a-solar-
farm-in-australia-any-more-
59308/

Image source:
https://www.ecomagazine.com/news/industry/the
-new-solar-frontier-offshore-and-coastal-solar-
applications
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Wind Farms
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Image source: https://www.ferrostaal.com/en/top-references-ferrostaal/onshore-wind-
farms/

Image source: https://www.prysmiangroup.com/en/press-releases/prysmian-secures-dolwin5-
grid-connection-offshore-wind-farms-germany

Image source: https://e360.yale.edu/features/will-
floating-turbines-usher-in-a-new-wave-of-offshore-wind



CRICOS Provider Number: 03567C | Higher Education Provider Number: 14008 | RTO Provider Number: 51971

Wind Turbine
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Main parts of a wind turbine:

1. Base

2. Tower

3. Nacelle

4. Blades

5. *Gearbox

D9Ωǎ мн a² Haliade-X: Height: 260 m; Rotor diameter: 220 meters
Vestas launched the V236-15 MW turbine, the sweep area of which is 
+43,000 m2, equivalent to the surface of 6 football fields.
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A Turbine Blade
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Image source: 
https://s3.amazonaws.co
m/bncore/wp-
content/uploads/2018/05/
1010281637-LOCAL-
TURBIN5-1260x800.jpg
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Why the Size?
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Wind energy is captured by the blades of a wind turbine and converted into mechanical 
power, which is calculated by 

Å Locate wind turbines in regions with higher wind speeds, eg, offshore;
ÅGet larger sweep areas;
Å Achieve MPPT

-́ air density, 
A - cross-sectional area through which the wind passes/sweep area, 
vw - wind speed,
Cp - the rotor efficiency of the blade
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MPPT ςWind Power
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The TSR is the ratio of the blade tip speed to the wind speed:

The optimal TSR is a constant for a given blade.
So, ̟ M has to follow Vw!

M̟ςblade rotating speed, 
rbςradius of rotor blades, 
vwςwind speed
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MPPT ςWind Power ContdΧ
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Image source: https://www.researchgate.net/figure/Wind-turbine-
MPPT-configuration_fig1_331989450

Source: Bin Wu, YongqiangLang, NavidZargari, Samir Kouro, Power Conversion and Control of 
Wind Energy Systems, 2011.


