Microgrids:
The Way Forward

Introduction
We operate in a unique energy market and
landscape where the rate of change has
never been greater. The industry understands
that Microgrids are crucial part of the
sustainable future of the sector and a key
contributor to enabling a cleaner energy
future.
The International Microgrid Association (IMA)
was created to champion and share
knowledge showcasing the applications and
opportunities they present.
A year ago the IMA Board identified that
finding a sources of information on Microgrids
was a challenge for many organisations, even
from the starting point of having a definition.
This was the catalyst for the concept of this
documents, to create a source of information
to help those wanting to learn about the
breadth of opportunities for Microgrids, and
the applications for them.
It was more than two years ago when the
team at Horizon Power first spoke with me
about the concept of the IMA and the vision
to create an organisation where members
could share knowledge, experiences and
challenges, whether across technology,
policy or customers. I couldn’t imagine we
would have succeeded in creating a
document like this, that provides a body of
knowledge for anyone to reference with real
examples, drivers and challenges that any
energy organisation or company can
leverage.

The work to develop Microgrids: The Way
Forward, has included in-depth interviews with
industry leaders, technical experts, academic
institutions, customers and policy makers. This
coupled with contributions from across the
global microgrid industry makes it a
document that will remain ‘live’ and
continually updated with new contributions
and case studies from our members.
I want to thank all those who have
contributed their expertise and experience in
crafting the Roadmap and in particular
James Arnott and Alisya Johar and KPMG for
their significant efforts and the IMA’s Rebecca
Martin for her tireless hours and co-ordination.
Our vision continues to grow and I’m proud to
share the next chapter for the IMA is to be
collaborating with the University of Western
Australia to develop with them our Microgrid
Industry Centre of Expertise to support and
enable the ongoing development of
microgrids around the world.

James Colbert
Chair, International Microgrid Association
September 2021
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We would like to thank and acknowledge the contribution of
our International Microgrid members in developing the Microgrid
Roadmap.

International Microgrids Association is grateful for the assistance and
expertise of KPMG Australia in helping to compile this report
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Introduction
Microgrids are fast emerging as the
opportunity to solve the challenges of
balancing energy flow across electricity
networks to maintain reliability, efficiency and
reduce carbon emissions. A microgrid is a selfsufficient electricity network that can
generate, distribute, and manage power and
energy locally within a customer or a region’s
defined area – with or without the utility
connection.
Over the past decade implementation of
microgrids internationally and locally has
supported experimentation that has led to
the development of a variety of technologies
and designs that can balance the flow of
energy between all parts of the microgrid,
including distributed renewable energy
generation and storage. Sophisticated
control and communication systems are
available to manage even significantly
complex and large microgrids.
Whether it is stand-alone power systems for a
small group of consumers in remote, or
commercial grid-connected organisations in
urban areas, microgrids are demonstrating a
way to increase renewable energy
penetration, reduce costs and provide
resilient, reliable and affordable electricity to
consumers around the world.

To get a better understanding of the current
microgrid landscape, the International
Microgrid Association undertook qualitative
and quantitative research with its
international members, including in-depth
interviews with some of the world’s most
influential energy players and surveys to our
international audience to understand the
industry’s current challenges, enablers and
future view.
The result of this research has informed this
paper: Microgrids: The Way Forward
The purpose of this document is to identify
and outline the role that microgrids can play
in the energy transition and to educate
stakeholders about the opportunities offered,
and work as a living source and reference
document for the industry to use.
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What is the Opportunity?

Who is the IMA?

The International Microgrid Association (IMA)
is based in Perth, Western Australia. Our
members are representatives from the global
microgrid value chain, including microgrid
designers, developers, utilities, technology
providers, manufacturers, capital providers,
project developers, research organisations
and governments.
Western Australia is home to one of the largest
microgrid networks in the world, with founding
IMA member Horizon Power owning and
operating 37 microgrids across the state.
The IMA’s vision is to unite organisations who
are committed to building global microgrid
capability by integrating emerging energy
and information technologies to generate,
distribute, and consume energy more
efficiently, cleanly, and cost-effectively.

As energy technology matures, and the push
to decarbonise continues to advance, the
flexibility provided by microgrids of all sizes are
anticipated to be the primary energy
infrastructure to achieve the global energy
transformation.
Renewables are being accelerated. For
developed countries where energy demand
growth is less than 2%, renewables are now
more affordable than fossil fuels, go towards
achieving carbons goals. Microgrids enable
renewables, and answer the ongoing power
security and reliability concern. Countries with
high energy demand growth are turning to
renewables as its offer easier to access
finance to for energy development. When
combined with the significant transmission
costs for infrastructure from generation to
point of consumption, adoption of microgrids
will continue to increase.
Such are the strength of the drivers that some
global reports have estimated that by 2027,
the microgrid market will be worth more than
USD$33 billion.
This industry opportunity right now is to come
together, share and collaborate around
microgrid technologies and the solutions they
provide, for both developing and developing
worlds.
In doing so, we can fast-track innovation and
application and enable microgrids to provide
better energy access, reliability, costefficiencies, customer participation and
decarbonisation.
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What is a Microgrid?
A microgrid is a small-scale electric power
production and delivery system. It comprises
of a collection of distributed generation and
storage facilities (e.g. rooftop solar, wind
turbines, batteries), located near the loads
they serve (e.g. rural communities, remote
facilities, metropolitan suburbs and industrial
zones). They can vary significantly in size,
from only a few buildings to large industrial
facilities and entire communities but are all
relatively smaller than the main grid.
Microgrids also feature their own power
system autonomy complete with controls,
protection and operating algorithms. In
some instances, microgrids can remain
connected to the main grid and transition
between grid-connected mode or
autonomous ‘island-mode’.

Microgrids generally encompass multiple
types of energy generation and storage
resources, often utilising renewable energy
resources. Advanced communication and
control systems allow optimisation tools to
facilitate state-of-the-art energy
management and demand response
techniques, balancing energy between the
microgrid’s component parts. These allow
microgrids to provide reliable, resilient and
economic power whilst reducing
environmental footprint.

This allows them to provide reliability support
when the main grid is unavailable. Microgrids
also enable the trading of energy, capacity
and ancillary services with other microgrids
or the main grid.
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Microgrid Features & Characteristics
• Produce optimised onsite generation and
energy
• Generate power in kilowatt ranges up to
more than 100 MW
• Include distribution wires to supply power to
distributed loads
• Serves a distinct, interconnected load,
single or multiple meters, within a defined
geographical and electrical boundary
• Supports resiliency, security, efficiency,
local control, and increased access to
renewable resources
• Can act as a single, controllable entity
within the central grid
• Can operate in parallel to the grid, as a
grid collaborator not a competitor
• Can be leveraged for economic value
during grid-tied operations
• Can connect or disconnect from the
central grid during interruption events with
black-start capability (the ability to restart
without reliance on external power).
• Can coordinate with other Microgrids, and
with the entire power system
• Often incorporate advanced controls,
communications and automation software
for intelligent energy management and
demand response. This computing
capability is key to shifting from centralized
monitoring and control to distributed
intelligence, where the grid can compute
and take actions at the edge of the
network, independent of the centralised
control
• May use any form of fuel, but are likely to
include diesel, (natural/propane) gas, solar
photovoltaic and/or wind power
• May include storage technologies
including battery, thermal, hydrogen and
pumped hydro
• May participate in demand response, and
buy power from the grid or sell energy,
capacity and ancillary services to the grid,
depending on economics/pricing
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Types of Microgrids
The design and structure of microgrids is flexible, allowing users to build systems best suited to
their context. Microgrids can be varied to suit the type and number of consumers, the location
(urban or remote) and integration with existing networks. Microgrids can be classified into
roughly five different types: connected, autonomous/isolated, remote, embedded and standalone.

Connected microgrids:

Embedded networks:

Connected microgrids normally remain
connected to and collaborate with the main
grid with the ability to trade power, storage
and services between itself and other grids.
Should a problem arise with the main grid, a
connected microgrid can be protected by
‘islanding’, i.e. disconnecting from the main
grid but continuing to serve customers and
power critical activities.

Embedded networks are usually privatelyowned grids, located behind a single
connection point, and are often situated in
an urban location. An embedded network
may suit a commercial complex such as a
university, hospital or retail centre.

Autonomous/isolated microgrids:

Stand-Alone Power System (SAPS):

Autonomous/isolated microgrids are systems
that are part of the electrical network and
within the network service area but are
disconnected from the meshed network and
operate autonomously. They rely on local
generation to support critical activities.

Stand-Alone Power Systems are not
connected to any other networks and
typically serve a single customer using hybrid
power sources.

What is not a Microgrid?

Remote microgrids:
Remote microgrids are in remote locations
where connection to the electrical or meshed
network is not viable, for example a remote
mine site or island community. They are not
within the network service area and rely on
local generation.

A solar PV array without battery storage
with advanced inverters, or additional
forms of controllable power generation is
not a microgrid, because it cannot
operate autonomously, matching power
production to real-time demand. Similarly,
a diesel generator for backup power only,
that doesn’t synchronize with the utility
grid and supports only life-safety and
emergency loads is also not a microgrid.
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Figure X.XX Horizon Power Standalone Power System (SPS). Image courtesy of Horizon Power.

Figure X.XX Villaya Emergency SPS. Image Courtesy of Schneider Electric
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Type

Connected Autonomous/
Microgrid
Isolated Microgrid

Remote
Microgrid

Embedded Stand-Alone
Network
Power System

Is a section of the
electrical network

ü

ü

û

ü

Sometimes

Can be
connected to the
meshed network

ü

û

û

ü

û

Is within the
network service
area

ü

ü

û

ü

Sometimes

Can be islanded,
independent of
the main grid

ü

ü

ü

ü

ü

Requires local
storage and / or
generation

ü

ü

ü

ü

ü

Privately owned
electrical network

Sometimes

Sometimes

Single Connection
Point

û

û

Sometimes Sometimes
Sometimes

ü

Sometimes
ü
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Drivers
Energy Access, Security & Autonomy
Safe, reliable and affordable power is one of the essentials for a well-functioning economy
and society. The rise of renewables, cost of infrastructure maintenance and grid instability are
a constant challenge in effectively providing that.
As an islanded power network, microgrids facilitate the distribution of more affordable
renewable power, are subject to fewer impacts to reliability and more cost effective to
maintain, making them useful tools in creating efficient energy access and independence
from and within networks. These factors has particularly been behind the increase in
microgrids in geographically remote areas as well as developing countries.
Existing electrical infrastructure of centralised energy generation and distribution is also at
increased risk from more severe and frequent climate events due to warming. Microgrids can
mitigate those risks, improving energy security in a changing climate.

Technology and Network Renewal
As network infrastructure built 50+ years ago start to require costly upkeep, new solutions are
needed. With microgrid technology now mature and available, microgrids offer a more costeffective infrastructure renewal option. With variations of microgrids popping up all over the
world, particularly in the US and Australia, the technology is also complemented by the
knowledge and skills to implement.
These two factors are working to drive the increasing uptake of microgrids by providing smart
technology solutions that offers reliability, cost and commercial opportunities for the end user
to replace ageing systems.

Renewables and DER
The uptake of renewable energy sources, whether by industrial sized generators or residential
rooftops, is a key driver for microgrids. Microgrids have the capability to take on locally
generated renewable energy, and provide stability to the wider network.
This means microgrids suits the needs of network operators looking to smooth renewable
energy flows. They also suit the needs of the energy generators – big and small - wanting to
capitalise on their energy creation, for their own use or the commercial opportunities of
selling it back to the grid.
And with existing fossil-fuelled investments also increasingly being written down and funding
new ones more difficult, the uptake of renewables on microgrids will help ensure longer term
energy security.

Decarbonisation & Electrification
With the widespread adoption by government, organisations and communities of the UN’s
stated ambition to reach zero net emissions by 2050, the push is on for decarbonisation and
the electrification of our lifestyles.
Success requires a greater reliance on renewable energy sources. This has increased the
preference and need for microgrids which, often consisting of renewable energy sources
and a battery, can effectively manage and distribute renewable energy in a number of
scenarios, and replace fossil-fuel energy generation.
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Enablers and Barriers of
microgrids
The rise of microgrids can also be attributed to a number of enablers, some of which have
changed quite quickly in recent times, such as the technology reaching the required maturity,
and in many jurisdictions, changes to regulatory policies that allow a more nuanced approach
to providing power to the community.
Likewise, there are a number of barriers that are currently holding up the implementation of
microgrids, although our research found that many in the industry felt these barriers would
reduce over the coming years.

Enablers

Barriers

• Reliability and resiliency of the energy
supply
• Microgrid/DER management technology
being mature and available
• Ability to pilot or trial new technologies
• Tariff structures
• Customer knowledge and understanding
of microgrids
• Energy storage technology being mature
and available
• Customer and investor perceived or
actual financial benefit of participating in
adapting microgrids
• Cost of renewable energy technology for
customers
• Engineering standards or protocols
• Government or regulatory agency policies

• Restrictive Government or Regulatory
Agency Policies
• Perceived or actual financial risk of
participating in adapting microgrids
• Standard or protocols
• Entry cost to install microgrids
• Tariff structures
• Unfavourable project economics
• Investor reluctance due to perceived risks
• Cost of renewable energy technology for
customers
• Cost of microgrid management
technology
• Energy costs/tariffs
• Not enough scalable trials have occurred
nor compensation given to performing
trials
• Pre-existing technologies installed do not
support microgrids
• Shortage of workforce skills to implement
at scale
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Maximising Renewable
Energy Sources

A key benefit of microgrids is the ability to make the most of local renewable energy such as
hydropower, solar and wind to reduce emissions. Microgrids can generate power where it is
consumed instead of transporting it via long transmission lines, which gives remote towns much
more energy reliability and price control. They also allow for better energy management
through advanced data and analytics tools.
The following two case studies demonstrate how microgrids can be used in remote towns to
maximise use of renewable energy.
Case study 1: Horizon Power, Onslow, WA
Embracing solar PV and reducing
emissions
In the remote coastal town of Onslow,
located 1,150km north of Perth, WA, the 850
residents had an energy supply challenge.
The town was using a mix of non-renewable
energy sources, including an 8MW natural
gas generator, a 1MW diesel generator, and
a 1MWh lead-acid battery. However, Onslow
also had significant rooftop solar use, which
was leading to renewable energy
production that exceeded the network’s
hosting capacity. It had a small network size
of 11MW serving a 4MW peak load. This
combination of intermittent renewables
generation and a small network was causing
grid instability, with the threat of blackouts
and damage to electrical equipment.
In similar situations in other towns, utility
suppliers have limited the input of renewable
sources in order to protect the grid. However,
the electricity utility in Onslow, Horizon Power,
did not want to do this as it would impact
WA’s renewable energy goals. Instead, the

company set out to integrate multiple
renewable energy sources and batteries with
existing infrastructure in a controlled
microgrid.
To make this happen, Horizon Power
teamed up with Californian company PXiSE
Energy Solutions to develop a Distributed
Energy Resource Management System
(DERMS) that utilised smart sensors and
advanced meters to monitor the grid in real
time. The system operates across 260
customer owned solar PV installations, a
1MW utility owned solar PV farm, two 1MWh
community batteries, and 500kWh of
customer-owned batteries. The DERMS
provided constant visibility of energy
generation, storage, customer demand,
weather data, and other variables.
Combining all of this information with
historical patterns, the DERMS can now
forecast energy supply and demand by 24
hours, and optimise the operation of
distributed energy resources (DER) every 5
minutes. With this management, the grid is
more reliable and it has tripled its renewable
energy hosting capacity, enabling reduced
carbon emissions.
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Horizon Power Onslow Microgrid (Onslow, Australia)
Key features
A microgrid controller and DERMS that utilized sensors and advanced meters to monitor the
grid in real time, giving the operator constant visibility of generation, storage, customer
demand, weather data and other variables.

Location
Onslow is a remote coastal town located 1150km north of Perth, Western Australia and
frequently affected by cloud events and coastal weather. With a population of 850, Onslow
acts as an example of a remote microgrid within Horizon Power’s service area and is
representative of remote communities across the globe.

Microgrid Type
Remote residential & commercial microgrid

Technology
•
•
•
•

Microgrid controllers and Distributed Energy Resource Management Systems (DERMS)
An 8MW gas and 1MW diesel fired powerplant with 1MWh battery
260 customer PV arrays (2.1MW) and 500kWh of customer-installed batteries
1MW of utility-owned solar PV arrays with two 1MWh utility batteries

Outcomes / Benefits
• DERMS can be successful in solving grid stability and renewable hosting capacity issues
faced by many microgrids across the globe. The DERMS was successful in increasing
capacity by 3 fold, successfully integrating numerous customer installed DERs with preexisting infrastructure and allowing the utility to expand renewable energy production and
storage.
• The use of the IEEE 2030.5 protocol demonstrated a secure and accurate method for the
control of thousands of DER.
• The DERMS could be configured to reduce bandwidth traffic related to optimization by
75%, resulting in cost savings for the operator.
• A multi-variable optimization algorithm that takes into account local weather, cloud
cover, generation, storage, customer load and other variables increases confidence levels
in forecasting. This allows the operator to make more accurate decisions to improve
network reliability.

Onslow
microgrid
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Case study 2: Western Power, Kalbarri, WA
Managing demand fluctuations with
renewables and data
The small rural town of Kalbarri, WA, was
facing challenges with managing its energy
supply during seasonal tourism population
fluxes of over 100,000 people. Supply was also
challenged by the harsh climate of the area,
with salt, dust and rainfall interfering with the
140km energy feeder line that runs from the
larger town of Geraldton.
Western Power set out to improve demand
management and to reduce reliance on the
main grid in Geraldton. To do this, the
company focused on harnessing local
rooftop solar PV, along with wind and battery
storage to create a microgrid system. Western
Power then applied its in-house tool, the Grid
Transformation Engine, to run scenario
planning on the microgrid. It was then able to
determine the best timings and configuration
for ongoing stability – especially during
seasonal population changes.
The result is a microgrid that makes the most
of local energy, uses data and analytics to
manage demand, and has resilience by
being able to run independently from the
main electricity network.
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Western Power Kalbarri Microgrid (Kalbarri, Western Australia)
Key features
Managing demand fluctuations with renewables and data, through harnessing local rooftop
solar PV, along with wind and battery storage to create a microgrid system, and the
application of scenario planning to determine the best timings and configuration for
ongoing stability.

Location
Kalbarri is a 10,000-inhabitant coastal town located 570km north of Perth, Western Australia,
affected by seasonal tourism which can increase the size of the population by up to 10 times
at certain periods. The town is also subject to a harsh climate, with salt, dust and rainfall
interfering with the 140km energy feeder line that runs from the larger town of Geraldton.

Microgrid Type
Remote residential & commercial microgrid

Technology
• Integrated residential rooftop PV with wind and battery storage to create a connected
microgrid
• Western Power’s in-house tool, the Grid Transformation Engine is used to run scenario
planning to determine the timing and configuration of microgrids to ensure grid stability
and meet other goals.

Outcomes / Benefits
• A microgrid that makes the most of local energy, uses data and analytics to manage
demand, and has resilience by being able to run independently from the main electricity
network.
• During outages the microgrid maintains supply to the community using both solar and
wind, and stored energy in the battery.
Western Power
Kalbarri
Microgrid
Photo: Western
Power
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Renewal Rather
Than Replacement

In numerous places around the world, existing
transmission infrastructure connecting grids to
remote towns is tiring. In other areas, these
feeder lines are exposed to hazards such as
bushfires and storms – a growing problem as
the world faces climate change.
Rather than costly replacement, a potential
alternative is to build microgrids. Jason Froud,
Manager Policy and Government Relations,
Synergy, says “many existing networks are
ageing that were commissioned in the 50s
and 60s, and are coming to the end of their
useful life. The cost of maintaining or replacing
transmission lines to ensure reliable energy
availability is too high. Microgrids become the
cost-effective solution.”
Paul Buch, Principal, GHD, says while the
capital outlay of microgrids may be similar to
traditional grid infrastructure, the lifecycle cost
of microgrids is lower. They can be even more
cost effective if the microgrid doesn’t need to
be connected to a main grid. Microgrids also
increase energy resilience, as the microgrid
can be ‘islanded’ if the main grid fails.
The case study below demonstrates how selfsufficient microgrids can support or replace
traditional transmission lines.

Case study: Horizon Power, bushfire
restoration, Esperance, WA
An effective replacement for damaged
transmission lines
In 2015, the remote town of Esperance,
WA, experienced bushfires that destroyed
hundreds of wooden power poles.
Considering the extensive costs of
replacement, along with a goal to build
more energy resilience for the town, a
microgrid was an effective solution.
Horizon Power built a microgrid using a
combination of wind turbine (9MW), solar
PV (4MW) and battery storage. By
avoiding long transmission lines, the
projected annual savings in maintenance
costs for the WA government are around
$10 million. Esperance’s power can now
be ‘islanded’ to help it remain operating in
events such as a bushfire. The project has
the added benefit of delivering a 50
percent reduction in carbon emissions, as
well as the ability to expand the capacity
of wind, solar and battery in the future.
Horizon Power’s work in Esperance has
helped to inform its Renew the Regions
project, in which it is delivering Standalone
Power Systems (SPS) to around 50 remote
properties across Goldfields Esperance,
the Kimberley and Gascoyne-Midwest. SPS
are off-grid solutions that enable properties
to operate independently from the main
electricity network, and use renewable
energy delivered via solar panels, battery
storage, an inverter and backup
generator.
By delivering energy independence to the
properties, they are less at risk of power
outages from damage to transmission
lines. It will also increase the use of
renewable energy across WA, with the
project expected to reduce carbon
emissions by ~128,950kg CO2-e per
annum.
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Horizon Power Bushfire Restoration Microgrid
(Esperance, Western Australia)
Key features
An effective replacement for damaged transmission lines, delivering energy independence
to properties. reducing their exposure to power outages and increasing renewable energy
across WA.

Location
Esperance is located on the southern coast of Western Australia. It is a remote town which
experienced bushfires that destroyed hundreds of wooden power poles in 2015. Considering
the extensive costs of replacement, along with a goal to build more energy resilience for the
town, a microgrid was an effective solution.

Microgrid Type
Remote residential, commercial and industrial (port) microgrid

Technology
• Combined wind turbine (9MW) and solar PV (4MW) generation with battery energy
storage meeting current and expected future power needs 24/7.
• Continued advances in wind turbine technologies significantly increasing generation
capacity

Outcomes / Benefits
• Increased energy resilience as failure-exposed long transmission lines are no longer
required. If transmission lines are lost due to weather, the microgrid can be islanded and
the affect mitigated.
• Avoiding long transmission lines also decreases capital and maintenance expenditure for
the Government. The projected annual savings for the State are $10m.
• Over 50% reduction in carbon emissions.
• Ability to expand capacity – planned expansion projects to increase wind, solar and
battery capacity.
• Up to 46% of Esperance’s total electricity demand to be supplied by renewable energy.
• Local economic and social benefits:
• Local goods and services to be used whenever possible
• 15% of the construction workforce sourced regionally from Goldfields-Esperance region.
• Future opportunity for community involvement in 50% of the solar farm.

Photo: Horizon Power
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Energy access
Case study 1: Schneider Electric,
Tonga island villages
Powering remote villages locally

Regional and remote communities in places
such as Australia, Africa, Latin America, Asia,
the Middle East, Canada and Alaska all share
similar challenges when it comes to energy
supply. Servicing remote communities or
industrial operations with major power grids
requires the construction and maintenance of
long and expensive transmission lines, which
can be hard to upkeep and are often
susceptible to damage from disruptive
weather events.
Similar energy access challenges appear in
developing nations, as well as in refugee
camps and disaster relief situations, where
transmission line infrastructure may not exist.
Developing nations in particular have the
challenge of relying on imported diesel for
power generation, which can make them
vulnerable to oil price shocks.

In the islands of Tonga, national energy
needs are largely met by importing petrol.
However, there is a need for more energy
independence and resilience, including
being more protected from oil price
shocks.
To solve some of these challenges,
Schneider Electric built autonomous
microgrids using solar PV and battery
storage. The microgrids provide Tonga with
more reliability and access to energy at a
reasonable cost, while also increasing its
use of renewables and decreasing its
carbon footprint.

Microgrids that draw on local renewable
energy can be an effective solution to these
access challenges. In a similar way that
developing nations have been able to
‘leapfrog’ fixed line directly to mobile
telephone networks, they have the
opportunity to bypass traditional approaches
to energy sourcing and to lead the way with
microgrids.
The following two case studies demonstrate
how microgrids with solar energy can
increase energy access.
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Schneider Electric Tonga Island Villages Microgrid (Tonga)
Key features
Building autonomous microgrids using solar PV and battery storage, providing more reliability
and access to energy at a reasonable cost, while increasing use of renewables and
decreasing carbon footprint.

Location
60 remote off-grid villages without main grid access in Tonga, an archipelago of 169 islands in
the South Pacific Ocean. 80-520 households per village, with no access to electricity.

Microgrid Type
Remote microgrid in rural communities

Technology
Off-grid solar PV and battery storage.

Outcomes / Benefits
•
Provides access to energy at a reasonable cost where the main grid is not accessible.
•
Reduces dependency of rural communities in developing nations on diesel and
reduces the high/fluctuating OPEX of diesel power generation and vulnerability to oil price
shocks.
•
Overcomes the relatively massive capital outlay required. In developing regions where
there is no main grid, development of microgrids can be inspired amongst the community by
drawing parallels to mobile phone networks, which have overcome the obstacle of heavy
infrastructure investment.
•
Access to electricity through 100% renewable without dependency on diesel
•
The 60 sites have become autonomous power plants (from 15kW to 75kW)

Islands of Tonga rural
electrification project for villages
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Energy access
(continued)
Case study 2: GHD, Asian Development
Bank, Government of Nauru, solar
development, Nauru
Self-sufficiency and sustainability
The remote island nation of Nauru, with a
population of 13,000, is heavily dependent
on imported diesel for power generation,
and is often impacted by oil price shocks.
It is also vulnerable to climate change,
with tropical weather conditions that can
put energy infrastructure at risk. The
government aims to source 50 percent of
the nation’s energy from renewables and
have a more secure energy supply.
In 2018, a study by GHD identified solar
power as the most economical option for
power generation in Nauru. A microgrid is
planned to connect a 6MW solar plant
and 5MW battery storage, along with
diesel generators for when renewable
production cannot meet demand. A
training programme will ensure local
personnel can operate and maintain the
facilities independently.
The outcome of the microgrid will be
greater energy access and independence
for Nauru. The nation can have control of
its energy production rather than being
reliant on imported diesel. Nauru can
reduce costs, have more sustainable
energy, and generate local employment
opportunities.
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GHD / Asian Development Bank / Government of Nauru
Solar Development Microgrid (Nauru)
Key features
Self-sufficiency and sustainability: a microgrid development for power generation and the
implementation of of a training programme to ensure that local personnel can operate and
maintain the facilities independently.

Location
The remote island nation of Nauru, with a population of 13,000, is heavily dependent on
imported diesel for power generation, and often impacted by oil price shocks. Nauru is also
vulnerable to climate change, with tropical weather conditions that can put energy
infrastructure at risk.

Microgrid Type
Remote residential and commercial

Technology
•
A grid connected 6MW solar power plant and 5MW battery storage, with diesel
generators for when renewable production cannot meet demand.

Outcomes / Benefits
•
Greater independence for the island nation, allowing Nauru to control its energy
production and not be reliant on imported fuel.
•
Reduces financial and environmental costs of energy production.
•
Provides stable access to sustainable energy.
•
Generates employment and education opportunities.
•
Involves the local community and supports vulnerable socio-economic classes by
providing training to women and underprivileged groups to operate and maintain the
facility.
•
Reduces or removes the need for long term support from foreign staff or companies.

Aerial view of the
remote island
nation of Nauru
Photo: BBC
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Energy access
(continued)
Case study 3: Powerledger, Uttar Pradesh
Peer-to-Peer (P2P) energy exchange
Access to energy is crucial in the
economic development of emerging
economies. Uttar Pradesh (UP), India’s
most populous state, houses nearly a third
of the country’s unelectrified population.
The Government of India set an ambitious
goal of installing 40GW of rooftop solar
(RTPV) power by 2022. As of the end of
2020, India had about 4GW of RTPV
capacity. So, a P2P trading solution to
benefit consumers, prosumers and
electricity distribution company was
essential for a more interactive grid.
Powerledger’s solution was to incentivize
the uptake of Distributed Energy Resources
(DERs) in Uttar Pradesh through a marketbased mechanism instead of relying on a
subsidy-based mechanism (net metering).
Powerledger provided valuable
opportunities to Uttar Pradesh Power
Corporation Ltd UPPCL to learn how best
to implement all aspects of blockchain
enabled P2P electricity trading including
defining network tariff to support the wider
rollout of P2P electricity trading; and
understand the impacts of P2P trading on
the electricity distribution network.
These findings have enabled legislative
change to allow P2P trading in the state. In
achieving this, affordable electricity can
be distributed to the unelectrified
population of the state.
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Powerledger, Uttar Pradesh
Key features
Optimize electricity usage and provide prosumers more flexibility in price when carrying out
trading of energy generated from rooftop solar, further incentivizing the uptake of DERs.
Assist customers who want to buy green power by allowing them to purchase energy from
rooftop solar through peer-to-peer trading.
Reduce distribution loss by encouraging local generation and facilitate decongestion in
distribution network.
Defer investment in distribution network expansion. Reduce transmission charges and
generation capacity charges thereby reducing overall power procurement cost.
Blockchain allows transparency in transaction and negate the role of third party in
transaction of energy. Blockchain also ensures traceability of energy, allowing utility to trace
prosumer and consumers to help in proper accounting and billing.

Location
Lucknow, Uttar Pradesh, India. The UP state has 90 million people. Despite being the fourth
largest producer and second largest consumer of electricity, the state houses a third India’s
unelectrified population.

Microgrid Type
Residential

Technology
•
•
•
•

Powerledger xGrid application
Smart Meters based on GPRS communication installed in 12 buildings, including 9
prosumers and 3 consumers
Head End System integrated with the blockchain platform and smart meters
CC&B system developed for this project and nitration of billing system within the
blockchain platform

Outcomes / Benefits
•
The P2P energy market buy price was 43% lower than the retail tariff. Thus further
incentivizing uptake of distributed energy resources.
•
Uttar Pradesh Electricity Regulatory Committee is the first regulatory body in India to
create a tariff order which provides a directive to ALL the utilities in the state of UP to
implement P2P energy trading.
•
This allows greater opportunity for affordable energy to reach unelectrified rural areas.
Thus improving the economic welfare of the citizens of UP. The next steps being developed
involve bringing P2P energy trading into a local energy market to drive grid efficiencies.

Husainabad Clock Tower,
Lucknow, Uttar Pradesh
Source: Canva
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Decarbonising Industry

For remote industrial and defence facilities,
energy consumption can be very high.
However, for many there is a desire or
expectation that they will increase their use
of renewable energy to better align with the
United Nations Sustainable Development
Goals and net zero emissions targets.

Case study 1: Gold Fields and EDL Energy,
Agnew Mine, Northern Goldfields, WA
Supporting renewable energy goals
The Agnew Mine in remote WA requires
constant, reliable power to support its gold
mining activities. It had a goal of using
more renewable energy sources, while
also minimising the power outages it
experienced due to reliance on extensive
transmission lines to reach a central grid.
Gold Fields and EDL Energy worked
together to build a microgrid connecting
an 18MW wind farm, a 10,000-panel 4MW
solar farm, and a 13MW/4MWh battery
storage system, underpinned by a 16MW
gas power station. The microgrid is
managed digitally, focusing on predictive
solar and wind forecasting, combined with
dynamic load shedding and demand
management. Around 55-60 percent of
Agnew Mine’s energy is now renewable,
which can go up to 80 percent in the right
conditions. The site is now also more
independent, with reduced reliance on
the main grid.

Microgrids offer the potential for these
organisations to generate more renewable
energy locally, while having less reliance on
energy transmission lines and reducing
exposure to fluctuations in fuel costs.
The following two case studies demonstrate
how remote mining organisations can
become greener with microgrids.
Case study 2: Fortescue Metals Group,
Alinta Energy, Chichester Solar Gas Hybrid
Project, Pilbara, WA
Preparing for a sustainable future
Fortescue Metals Group (FMG) operates
two remote iron ore mines in Pilbara, WA.
The large-scale sites require efficient,
reliable and low-cost power, and FMG
aims to have net zero operational
emissions by 2040.
Working with Alinta Energy, FMG built a
microgrid consisting of 150MW gas-fired
generation and 150MW solar PV
generation, supported with large scale
battery storage. It also features 275km of
high voltage transmission lines connecting
the mine sites.
Now, 25-30 percent of stationary plant
energy requirements will be delivered from
solar PV, avoiding up to 285,000 tonnes of
CO2-equivalent emissions per annum.
FMG now has a very flexible approach to
energy sourcing for the existing mine sites,
with enough scale to support any new
mines that open in the area in the future.
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Goldfields and EDL Energy Microgrid
(Agnew Mine, Northern Goldfields, Western Australia)
Key features
Supporting renewable energy goals in a remote mine site, minimising the power outages due
to reliance on extensive transmission lines.

Location
Agnew Mine is located in the Northern Goldfields region, a very remote area in the heart of
Western Australia. This location requires constant, reliable power to support its gold mining
activities but is prone to power outages due to difficulties in maintaining transmission lines on
the fringe of the grid.

Microgrid Type
Remotely located mine

Technology
• 54MW hybrid digitally-managed microgrid using gas/diesel, wind, solar and battery
storage
• Utilises predictive solar and wind forecasting technology combined with demand
management to reduce the need for spinning reserve and engine run hours from
traditional generation sources.

Outcomes / Benefits
• Developed the business model for remote industrial operations to deploy a microgrid
utilising an Independent Power Producer (IPP), resulting in the reduction of technical and
commercial risk.
• Overcame logistical issues such as the transportation of large turbine blades which
required upgrades to ports.
• First mine to demonstrate the effectiveness of wind power in a mining environment.
• 55-60% of Agnew Mine’s energy is now sourced renewably, up to 80% if conditions are
good.

Agnew gold mine, located
near Leinster, WA
Photo: NS Energy
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FMG / Alinta Energy
Chichester Solar Gas Hybrid Project (Pilbara, Western Australia)
Key features
Micro-grid build supported with large-scale battery storage significantly reducing carbon
emissions and allowing a more flexible approach to energy sourcing.

Location
Two remote iron ore mines located in the Pilbara, a remote region of the North West of
Western Australia. The large-scale sites require efficient, reliable and low-cost power

Microgrid Type
Remotely located mine

Technology
• 150MW gas fired generation and 150MW solar PV generation with large scale battery
storage.
• 275km of high voltage transmission lines connecting the mine sites.
• Large scale battery energy storage system.

• Outcomes / Benefits
• Scalability / flexibility of design: large-scale renewable generation such as solar or wind
can be connected at any point of the integrated network to meet future energy needs as
existing mine sites ramp up production or new mine sites are developed.
• Sustainability, renewables and emissions targets: 25% to 30% of stationary plant energy
requirements will be delivered from solar PV, avoiding up to 285,000 tonnes of CO2
equivalent emissions per annum.
• Leveraging existing assets (Fortescue River Gas Pipeline and Solomon Power Station) in a
hybrid microgrid reduced project costs.

Chichester
Mining Hub
Photo: NAIF
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Cities of the Future

Metropolitan areas around the world are
seeking more energy reliability to be ready for
extreme weather events such as Winter Storm
Uri that had a dramatic impact on the Texas
energy supply in early 2021. They also want to
use more renewables to reduce carbon
emissions to help reduce climate change
impacts.
Microgrids have the potential to help urban
areas to achieve these goals. Microgrids
could be used in large communities such as a
suburb or business park, shopping centres,
commercial buildings or schools. There is
potential to have a series of interconnected
microgrids, so that if one microgrid becomes
unstable, it can be isolated so that it does not
affect the remainder of the main grid.
Likewise, connected microgrids can support
one another by providing power, energy
storage, or other services should a problem
arise with one particular microgrid.
A key further benefit is the ability to use more
locally generated renewable energy such as
solar PV. Darren Hill, General Manager,
Commercial & Business Development, Horizon
Power, says urban microgrids could facilitate
more distributed energy resources in the
market, and greater customer choice.

Case study 1: ATCO Gas, Clean Energy
Innovation Hub, Perth, WA
Innovating with hydrogen
ATCO Gas wanted to demonstrate the
commercial viability of integrating
hydrogen into microgrids, as well as the
blending of hydrogen with natural gas for
domestic use. To do this, the company
created the Clean Energy Innovation Hub
(CEIH) to power ATCO’s Jandakot
Operations Centre in Perth, WA.
The CEIH incorporates the production,
storage and use of renewable hydrogen in
a microgrid system, including blending of
hydrogen with natural gas and hydrogen
fuel cell power generation. It features
370kW of rooftop solar PV, with excess
power stored in a 500kWh on-site battery.
Further excess power is used to produce
renewable hydrogen which is stored on
site. This can be used directly in a small
hydrogen fuel cell, or be blended with
natural gas to run generators or
appliances.

The following three case studies demonstrate
application of microgrids in metropolitan
scenarios.
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Cities of the Future
(continued)
Case study 2: Schneider Electric, Marine
Corps Air Station Miramar, San Diego, USA

Case study 3: Schneider Electric, Oncor
campus microgrid, Texas

Meeting major power needs

Flexible operations and renewable energy

The 3,500-acre Marine Corps Air Station
Miramar in San Diego, USA, needed a
source of reliable, continuous power that
could easily be scalable in peak usage
times. The military also wanted to
incorporate greater renewables into its
grid.

The Oncor System Operating Services
Facility in Lancaster, Texas, was
experiencing power outages due to either
local or main grid issues. It had nine
existing energy sources including two solar
PV arrays, a propane microturbine, five
generators and batteries.

Schneider Electric built a microgrid that
can switch from traditional mains power to
local power generation with ease. It is
designed to produce as much energy as it
consumes over the course of a year, and
to utilise local energy resources including
3.2MW of landfill gas and 1.6MW of solar
PV, fueling a 7MWh power plant. It can
also accommodate future expansion of
solar PV.

To build in more resilience and stability, a
microgrid was created. The idea was to
use the existing infrastructure, operate all
nine local power generation sources, and
to optimise use of the DERs with a DERMS.

The DERs are managed with a centralised
digital control system, allowing the
microgrid to communicate and interact
with the main grid. The result is greater
energy security for the military base should
power supply from the main grid be
disrupted, and a much greener future with
the use of renewable energy.

Schneider Electric divided the system into
four connected microgrids which can all
connect or disconnect to the main grid as
required. The DERMS allows for monitoring
and communication about load,
generation and storage. With automated
optimisation software, the DERs are
balanced to maximise use of renewables
to meet sustainability goals, while helping
to reduce the total cost of providing
energy.
The results for the campus are that critical
loads are protected by automatically
switching from traditional grid to microgrid
sources. The system has flexibility, faulttolerance, and makes better use of
renewable sources.
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Cities of the Future
(continued)
Case study 4: T77 - BCPG, Thailand,
Powerledger
Peer-to-Peer (P2P) energy exchange
With a national aim to increase renewable
energy total consumption to 30% by 2036.
Powerledger’s uGrid technology was
trialled by Thai renewable energy business
BCPG and Thai utility Metropolitan
Electricity Authority (MEA) to trade rooftop
solar power between an international
school, apartment complex, shopping
centre and dental hospital in Bangkok to
increase to use of solar energy and
investment in solar generation.
Powerledger’s Blockchain technology
provided the transactive layer to enable
P2P trading, monitoring of energy
transactions between participants, which
generates invoicing to allow for
settlement, and summarises the trading
position of individual participants. This
maximised renewable energy
consumption within the precinct, which is
cheaper than grid energy, providing
greater income for the solar asset owners
BCPG, while reducing electricity costs for
participants.
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ATCO Gas Clean Energy Innovation Hub (Perth, Western Australia)
Key features
Innovating with hydrogen: Investigate the potential role of hydrogen in the future energy mix
by developing and utilising an industry-leading research facility. Set up of a microgrid
enabled by renewable gas technology (including hydrogen) and integration of renewable
gas with solar and batteries

Location
Clean Energy Innovation Hub, ATCO’s Jandakot Operations Centre (Perth, Western Australia)

Microgrid Type
Metropolitan commercial and residential

Technology
• The CEIH incorporates the production, storage and use of renewable hydrogen in a
microgrid system, including blending of hydrogen with natural gas and hydrogen fuel cell
power generation.
• 300 kW of solar photovoltaics, 500 kWh of lithium Ion batteries storage, and an existing 200
kVA natural gas-fired generator with a 23 tonne 8 per annum state-of-art hydrogen
production plant.
• Proton Exchange Membrane (PEM) electrolyser, high pressure hydrogen storage vessel,
custom-built Pressure Reduction Station and hydrogen/natural gas blending station, and a
suite of downstream consumers
• The downstream consumers include a 1.2 kW hydrogen fuel cell and existing natural gas
appliances: Gas Powered Air Conditioning (GPAC), hot water boilers, gas barbeques,
heaters and cooktops

Outcomes / Benefits
• Integration of hydrogen production plus fuel cell technology with a standalone power
system to establish a sustainable clean renewable energy ecosystem in a “living lab”
microgrid setup.
• A showcase facility that demonstrates the important role of existing gas distribution assets
and the fundamental role of hydrogen in a clean, reliable and affordable energy future
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Schneider Electric Marine Corps Air Station Miramar (San Diego, USA)
Key features
Meeting major power needs: a centralised digital control system, allowing the microgrid to
communicate and interact with the main grid, resulting in a greater energy security for the
military base and a much greener future with the use of renewable energy.

Location
Marine Corps Air Station Miramar (San Diego, USA), a 3,500-acre operation and
maintenance facility

Microgrid Type
Metropolitan Military

Technology
• Utilised local energy sources including landfill gas to power a 7MWh powerplant and solar
PV. DER assets were managed by a control system and optimisation software that
balances DERs to reduce total cost of providing energy while maximising use of
renewables to meet sustainability goals.
• Can communicate and interact with the traditional grid through demand response.
• Can accommodate future expansion of onsite PV renewables.

Outcomes / Benefits
Power resilience and Net Zero targets:
It is possible to manage the microgrid so efficiently that local energy sources produce as
much energy as is consumed throughout the course of a year (net zero). This results in greater
energy security for the military base should power supply from the main grid be disrupted.

Marine Corps Air Station
Miramar mission-critical
microgrid
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T77 - BCPG, Thailand, Powerledger
Key features
The renewable energy produced by each entity is used within their respective buildings so
that residents and tenants could have lower energy cost. Trading could then occur as each
building has different load profiles. Excess energy is sold to other buildings through P2P energy
trading system. If there is an energy surplus from all buildings it is sold to the energy storage
system. And if the energy storage system is full, surplus energy can be sold to the grid. If any
entity consumes more energy than they produce then trading can conducted through P2P,
the energy storage system and the grid (respectively). All entities can act as buyers or sellers
of renewable energy, in real time, through the blockchain enabled software.

Location
T77, Bangkok, Thailand

Microgrid Type
Rresidential and Commercial

Technology
• Powerledger uGrid and xGrid applications
• 109 meters
• Rooftop solar systems with a capacity of 635 kilowatts and co-located battery storage
system

Outcomes / Benefits
18% of energy consumed within the precinct came from renewable resources. The
technology maximized renewable energy consumption within the precinct, which was
cheaper than the grid. It provided greater income for the solar asset owners, while reducing
electricity costs for participants and allowing for P2P trading in real-time.
The project lead to expansion of this innovative trading scheme and saw to additional
residential complexes and a smart office building being added to the project. Bringing the
number of multi-tenanted buildings to seven in total. With a total of 1.1 MW of solar PV now
connected.

T77, Thailand, Solar array
Source: Powerledger
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Schneider Electric Oncor Campus Microgrid (Lancaster, TX, USA)
Key features
Flexible operations and renewable energy: a microgrid building more resilience and stability

Location
Oncor campus microgrid, Lancaser, Texas (USA), a 100+ acre system operating services
facility

Microgrid Type
Commercial

Technology
• 9 existing energy sources: 2 PV arrays, 1 Propane microturbine, 4 generators and 2
batteries
• System divided into 4 connected microgrids.
• Ability to smoothly connect/disconnect to main grid introduced.
• A monitoring and communications system that provides information on load, generation
and storage including communicating with the mains power grid.
• An automated optimisation software that balances DERs to reduce total cost of providing
energy while maximising use of renewables to meet sustainability goals. For example,
when the traditional grid supply fails, the system automatically compensates by increasing
local photovoltaic generation supplemented by battery storage

Outcomes / Benefits
• Reliability: Critical loads protected by automatically switching seamlessly from traditional
grid to microgrid sources.
• Flexibility: Multiple microgrids and energy sources working harmoniously to meet energy
demands.
• Fault-tolerance through managed energy storage.
• Integration with traditional infrastructure: Communication with traditional mains grid using
standardised communication protocols

Area view of the Oncor campus
Source: Google Maps
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What the industry said
Our research with IMA members and the industry found that, in the short
term, people expect that there will be relatively low adoption of microgrids
as a specialist field, and their use constrained to remote areas.
However, in 10-15 years, the industry research said microgrids would be
more widespread, extended to commercial, industrial and academic
settings, as well as neighbourhoods, towns, housing developments and
estates.
It was also anticipated microgrids will be in the portfolios of major energy
vendors with 10 years, moving towards greater integration of microgrids
with main grids as part of a smart energy system.
5 Years (2026)

10 Years (2031)

15 years (2036)

• Relatively low adaptation
of microgrids
• Adoption either in fringe
of the grid, already
decentralised island
scenarios, remote areas or
in pilot/demonstration
scenarios
• Concept is starting to gain
acceptance but is
considered a specialist
industry

• Expanded use which
extends to commercial,
industrial, academic,
neighbourhood, towns,
housing developments
and estates
• Increased customer
participation in the market
• Microgrids will be in the
portfolios of major energy
vendors in the market

• Developed into a
common concept, is
trusted and is reliable
• Common knowledge
• Coherent business models,
companies specialise in
the design and installation
• Integration of microgrids
(aggregated VPPs) with
the main grid as part of an
intelligent energy system

39

What we believe:
The Time for Microgrids is Now
Microgrids are a proven technology,
with, as this report outlines, a number
of highly valuable applications suited
to developing and developed
landscapes, regional and
metropolitan, commercial and
community.
We think as a proven technology, they
should be widespread in the next five
years, and the timelines indicated by
the industry research are being
influenced by a number of barriers that
currently prohibit a faster microgrid
take-up, including regulation and
compliance.
We need this to change quickly. With
the push for decarbonisation and
microgrids proven ability to improve
sustainability, efficient energy
management and energy resilience,
now is the time for business and
government action, across the world,
to encourage the adoption of
microgrids.
From an IMA perspective, it makes
sense for every new development to
consider implementing microgrid
technology to enhance the energy
system and create better outcomes for
customers, distributors and commercial
interests.
The future of energy is here, and
microgrids are critical to our future
success.
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