
understanding smart grids
a brief overview of new energy technology
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1. Real time data + two way communication 
    from consumer assets to grid operators

WHAT makeS a grid 'smart'?

2. Two way + flexible energy distribution 

3. Complex network control capabilities,  
    sometimes enabled by machine learning

4. Coordination + integration of DERs or 
    other modern grid resources

A smart  gr id can be thought of  as 'energy wi th a brain ' ,  the ' internet of  energy' ,  or  ' the gr id as a plat form'.

'energy with a brain'
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TRANSITIONING TO smart grids

This infographic is an adaptat ion of  Energy At las:  Facts and f igures about renewables in Europe, 2018 ;  page 33,
ht tps: / /www.boel l .de/s i tes/defaul t / f i les/energyat las2018_facts-and-f igures-renewables-europe.pdf.pdf?dimension1=ds_energieat las

GENERATION

NETWORK

TRANSMISSION

DISTRIBUTION

CONSUMER

generation  f rom large power plants to many
smal ler ,  of ten renewable,  power producers;
networks  f rom nat ional  and central ised markets
to decentral ised markets;
transmission  f rom industr ia l  l ines and pipel ines
to integrat ing smal l  scale,  local ised transmission;
one way distribution  to a bidirect ional  f low of
resources; and,
the consumer  f rom a passive recipient to act ive
energy system part ic ipant.

Enabled by an informat ion technology explosion, l ike
art i f ic ia l  intel l igence and cloud comput ing,  modern
energy networks are t ransi t ioning to smart grids .

Gr ids enabled by smart  technology transform 
 t radi t ional  technical  and economic models for
generat ing and del iver ing energy to the consumer.

Smart  gr ids can change:

Smart  tech opt imises gr ids,  improving the ef f ic iency
of energy networks and resi l ience of  consumers and
the communit ies they l ive in.

TRADITIONAL  GRIDS FUTURE GRIDS
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https://www.boell.de/sites/default/files/energyatlas2018_facts-and-figures-renewables-europe.pdf.pdf?dimension1=ds_energieatlas


generation storage

loads
data + 

controls

DERs are energy resources that or ient  around the consumer,  of ten enhancing their  autonomy in the energy market.
Character ist ical ly they're enabled by real  t ime data,  adapt ive controls,  cost-ef fect ive innovat ion,  and other market mechanisms.

the building blocks of a smart grid: distributed energy resources (DERs) page 5



building smart energy systems 

solar PV smart meters

control system

electric vehicle batteries

Embedded networks
Community batter ies
Vir tual  Power Plants (VPPs)
Microgr ids
Local  Energy Markets (LEMs)

By using DERs as bui ld ing blocks,  a consumer,
developer,  or  ut i l i ty  can conf igure their  desired
blend of  technologies to create a system sui ted to
their  energy needs.

A gr id taking advantage of  the best modern energy
technology has to of fer  is  capable of  integrat ing
and harmonising mult ip le energy system types. 

Consequent ly many ut i l i t ies or Distr ibut ion
Network Operators (DNOs) are t ransi t ioning to
Distr ibut ion System Operators (DSOs).

Some of the systems DSOs are consider ing
integrat ing include:

1.
2.
3.
4.
5.
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1. embedded networks

An embedded network is a smal l  group of  users whose energy is serviced via a s ingle,  parent ut i l i ty  meter.  
The embedded network owner sets the embedded network 's tar i f fs and pays network charges to the ut i l i ty  gr id.

Apartment without  an
embedded network

Apartment with  an
embedded network

Customer meter (ut i l i ty  meter) Customer meter (sub-meter ing)

Parent meter (ut i l i ty  meter)

Ut i l i ty  gr id access Uti l i ty  gr id access
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Apartment Blocks Business Parks

embedded networks in practise

Large C&I loads are of ten consol idated

within business parks and of fered as a


turnkey service,  managed by the landholder.

The bui ld ing owner typical ly submeters

tennants,  charging for use and a share of 


common space consumption. 
The state of  Victor ia has banned resident ia l 

Embedded Networks due to equi ty concerns.
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2. community batteries

A community battery is s i tuated within and shared across a community.  I t  is  designed to opt imise gr id performance, local ly.
For example i t  can soak up excess solar and reduce night t ime peaks, stabi l ise vol tage, or provide resi l ience to gr id fa i lure.
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community batteries in practise

Mallacoota Community Battery -  VIC

This 1MWh community battery was developed in

partnership wi th AusNet and Mal lacoota's


Sustainable Energy Group, a community organisat ion.



The project  was developed with local  resi l ience and

decarbonisat ion object ives.

Energy Queensland Community Battery Fleet -  QLD

EQL is rol l ing out a f leet  of  14 network connected

8MWh batter ies across major regional  town centres.



The tr ia l  project  is  intended to improve network


performance and resi l ience.
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https://www.abc.net.au/news/2022-04-23/mallacoota-energy-group-reliable-renewable-power-source/101003406
https://www.energymagazine.com.au/energy-queensland-expands-regional-battery-fleet/


3. virtual power plants (VPPs)

A VPP aggregates smal l  scale and independent energy producers,  v i r tual ly,  into a s ingle energy system that is not necessar i ly

restr icted to a s ingle segment of  the gr id.  VPPs can also t rade excess energy local ly or wi th the nat ional  FCAS or spot markets.
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vpps in practise

Smart Energy Schools Pilot Project -  NSW

The NSW State Government has establ ished a

VPP aggregat ing the benef i t  of  roof top solar f rom

more than 1,500 publ ic schools across the state.



The project  wi l l  test  how i t  can reduce school 


energy and upgrade costs,  as wel l  as explor ing

benef i ts to local  gr ids.

Tesla Energy Plan -  National

Tesla Powerwal l  customers are el ig ib le to part ic ipate

in Tesla 's nat ion-wide VPP. Households wi th solar PV


under 15kW per Powerwal l  have access to gr id

support  credi ts,  f lexible Time of  Use and feed in


tar i f fs exclusive to the VPP.



Part ic ipat ion depends on your network connect ion.
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https://www.schoolinfrastructure.nsw.gov.au/what-we-do/we-look-after-our-schools/-smart-energy-schools-pilot-project1.html
https://www.tesla.com/en_au/tep


blend generat ion,  storage, smart  meters,  and
other DERs to form a sel f -contained system;
connect to and disconnect f rom the central  gr id
on demand;
run on renewable and non-renewable sources;
and,
enable energy shar ing and trading with local  and
nat ional  energy markets.

Stand Alone Microgr id
Grid Connected Microgr id
Nested Microgr ids
Grid Connected Nested Microgr ids

A microgr id is a physical  energy gr id that  generates
and distr ibutes electr ic i ty in the same geographic
footpr int .

Microgr ids can:

With the r ight  technology and regulat ions in place,
microgr ids can also help modernise t radi t ional  gr ids
to be sel f -heal ing,  resi l ient ,  af fordable,  and
sustainable energy systems.

Microgr ids are design-bui l t  f i t  for  purpose and
typical ly fa l l  into one of  the fo l lowing models:

Controls

storage
electric

vehicle load

farming

load

residential

load

c&i load

generation

generation

microgrid

4. microgrids page 13



Controls

storage
electric

vehicle load

farming

load

residential

load

c&i load

generation

generationutility grid

local energy market/VPP

microgrid

other microgrids

stand alone microgrid

A stand alone microgr id is an of f -gr id,  sel f -contained energy network that  is not connected to any external  energy networks.
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energy sharing 

& trading
Controls

storage
electric

vehicle load

farming

load

residential

load

c&i load

generation

generationutility grid

microgrid

other microgrids

Grid connected microgrid

A gr id connected microgr id can connect to and disconnected from external  energy networks,  including the ut i l i ty  gr id,  on demand.

local energy market/VPP
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Controls

loads

storage

generation

microgrid

1

nested microgrids

Controls

generation

loadsstorage

microgrid

2

Nested microgr ids is a network of  stand alone microgr ids that  form a single large microgr id,  
and can disconnect f rom eachother as needed.

Controls

loads

storage

microgrid

3

generation
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utility grid

Controls

loads

storage

generation

microgrid

1

grid connected nested microgrids

Controls

generation

loadsstorage

microgrid

2

 Gr id connected nested microgr ids is a network of  stand alone microgr ids that  can
interconnect wi th eachother and the central  gr id,  on demand.

Controls

loads

storage

microgrid

3

generation
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microgrids in practise

Kalbarri  Community Microgrid -  WA

The gr id connected town microgr id is

comprised of  1.6MW of wind, 1MW of rooftop


solar,  and 4.5MWh of battery.



The community is at  the end of  a long rural 

feeder l ine and received the ut i l i ty  owned

microgr id as a gr id resi l ience investment.

'The Vale'  Ag Microgrid -  TAS

The Tasmanian sheep farm has instal led 200kWp

solar,  280kWh battery,  controls,  underground

distr ibut ion and opt ical  f ibre networks,  and

provis ion for expansion.



The pr ivately owned microgr id is is landable f rom


the gr id and was designed for sel f -suf f ic iency.
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https://onestepoffthegrid.com.au/cyclone-hit-kalbarri-gets-ready-to-welcome-wind-solar-and-battery-microgrid/
https://www.pv-magazine-australia.com/2021/04/21/tasmanian-sheep-farm-installs-flow-battery-based-microgrid-system/


5. local energy markets (LEMs)

A LEM is a marketplace trading and distr ibut ing energy between local  generators and consumers,  improving local  gr id ef f ic iency. 

Depending on the model,  i t  can trade in real  t ime via PPAs, tar i f fs,  or  a local  spot pr ice,  and with the wholesale market.
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local energy markets in practise

Mondo EDGE LEM Trial  -  VIC

EDGE is a DER marketplace in the Hume region on

tr ia l  unt i l  2023, in partnership wi th AEMO, ARENA,


and AusNet.



The community of  Yackandanda has a 100%

renewable object ive wi th a community battery, 


microgr id,  and VPP bui l t .  The town is now

consider ing a LEM tr ia l  v ia EDGE.

Centrica Cornwall  LEM Trial  -  United Kingdom

Centr ica's successful  LEM tr ia l  instal led and co-

ordinated DERs throughout the town of  Cornwal l .



Resident ia l  and commercial  DERs traded in real 


t ime with the local  energy market which also

t raded with the wholesale energy market dur ing


pr ic ing peaks.
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https://mondo.com.au/edge
https://totallyrenewableyack.org.au/
https://www.centrica.com/innovation/cornwall-local-energy-market


Smart  gr id tech can be cost prohibi t ive for  many consumers
to take on alone. 

There are al ternat ive products,  services,  and sel f  managed
intervent ions that help reduce energy costs and opt imise
energy consumption. However,  not  a l l  ut i l i t ies current ly
enable f i t - for-purpose al ternat ive solut ions.  Nei ther do al l
a l ternat ives address the myr iad of  consumer dr ivers.

alternative low cost energy interventions

There is st i l l  considerable opportuni ty for
on farm eff ic iency audi ts + intervent ions.

Efficiency

Meter consolidation   

Consol idat ing meters or v i r tual  net  meter ing can
help farmers opt imise exist ing generat ion assets.

Ag/productivity tariffs

Tari f fs that  are geared to product iv i ty levers
offer improved ut i l isat ion for  networks and more
f i t - for-purpose consumer products.
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Smart  gr id technology increases the operat ional  resi l ience
and ef f ic iency of  energy networks,  opt imises local  gr id
ut i l isat ion,  and eases pressure on network costs.

I t  can also of fer  economic,  energy,  and environmental
resi l ience to consumers.

Smart  gr ids,  including microgr ids,  can empower
agr icul tural  producers to part ic ipate in energy markets on
more f lexible terms that sui t  their  needs.

They also improve the rel iabi l i ty  of  energy access,
especial ly in regional  communit ies.  This gives farmers the
abi l i ty  to operate more ef f ic ient ly and maximise their  y ie ld.

Final ly,  renewable generat ion microgr ids,  including waste
to energy,  can signi f icant ly decarbonise farms and bui ld
local  environmental  resi l ience.

Energy s i ts at  the nexus of  food, water,  and many other
fundamental  inputs for  agr icul ture.  Leveraging
agr icul ture 's innovat ive th inking and integrat ing smart
energy wi th farm design can maximise product iv i ty and on-
farm resource management.

resilient regional energy networks page 22



Technical  l imi tat ions largely relate to necessary
upgrades of  exist ing infrastructure to successful ly
integrate and support  new technologies.  

For example,  improved connect iv i ty in regions and two-
way enabled transmission and distr ibut ion
infrastructure are needed to support  smart  gr id tech.

There are a var iety of  ownership models wi th wi l l ing
f inancing. However,  market rules and regulat ion are in
f lux and have not kept in step with modern energy tech
and consumer needs. 

This has created a non-compet i t ive environment for  
 many new market entrants.  A der isked regulatory
environment is needed to provide the market s ignals for
innovator and investor conf idence.

ARENA and the AER have establ ished innovat ive
funding and regulatory programs to help accelerate the
der isking of  integrat ing new energy technologies.  Some
state government in i t iat ives also support  these ef for ts.

barriers & enablers page 23



This resource was prepared by the 'microgrids in ag'  project' team. 

www.qff.org.au/projects/microgrids for more information.

http://www.qff.org.au/projects/microgrids

