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“Because of the pandemic, we were not able to do a full launch of the project in 2020 as we had hoped.
We don't have technical expertise within our community, and we're relying on technical consultants from
outside the country.” [48]

lgw - '

T

Figure 41 - Vuntut Gwitching Community of Old Crow, Canada [49]

Construction of the solar system was eventually completed around April of 2021 with limited power
flowing to the local grid. Construction of the BESS was completed by July 2021 and commissioning was
completed by August 2021 [47]. The complete system has been operating at its full capacity since June
2022. The new system consists of a 940kW solar array system with an accompanying 616kW/612kWh
BESS. The project provides 650 MWh of electricity per year to the grid. In summer months (June to
August), due to its location, Old Crow experiences 24-hour daylight as the sun circles above the horizon
for a full 360 degrees. This creates an angle of incidents much lower than the average solar project. The
system therefore utilizes a unique east-west solar PV module design rather than a typical south-facing
design in order to maximise energy capture. Due to the remote location, the design of the system also
incorporates local materials or those that are easily transportable by air.

History
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Technological Considerations

Lesson 1: Standardised design methodologies can simplify implementation of high-renewables
grids

The Northern Energy Innovation (NEI) team, a research program part of the Yukon University, strives to
help remote communities in northern Canada to operate isolated power systems in severe weather
conditions with greater renewable uptake [50]. The NEI team is developing a grid impact study tool to
streamline the process of modelling and evaluating how much renewable energy a grid can safely
integrate without affecting stability and reliability [51]. The intent of the tool is to provide a standardized
design methodology for use by utilities implementing high renewables isolated systems. In 2018, Old
Crow was chosen as the first community to be modelled and developed using the grid impact study tool.
This study covered the technical feasibility of varying solar and battery arrangements as well as the
impact of each configuration on the grid. The study focused on energy balance, protection coordination
and large-disturbance stability and did not consider regulatory requirements or cost-benefit assessment,
which were evaluated subsequently to determine the optimum system based on the combined technical
and economic considerations.

The tool uses IEEE Std. 2030.2-
2015 as a basis, which covers
the recommended procedures
and methods for connecting
energy storage to electric
power infrastructure and the
{ varying system simulation
: models that should be
performed. The Old Crow study
B focused on two main scenarios,
& a smaller 260kW solar PV
system and a 450kW solar
system with a 400kWh BESS. Use
of the tool identified that a
smaller solar PV system had less impact on protection coordination, and that the capacity of the plant
would be limited without the addition of a BESS, as much of the solar PV generation would be spilled to
maintain stable operation. Finally, the study revealed that increasing the battery size increased the
lifespan of it (by reducing discharge depth) as well as increasing the length of time the system operates
in diesel-off mode.

Figure 42 - Old Crow Utility-scale Solar PV system [180]

Lesson 2: BESS systems provide flexibility and buffering to isolated high-renewables grids

Isolated power systems with high penetrations of weather dependent solar PV need to manage significant
supply-side variability. According to ATCO Electric Yukon (the utility responsible for Old Crow), a diesel
generator can take anywhere between 60 and 90 seconds to come online, far too long to provide the
necessary flexibility and buffering required for stable operation during solar energy fluctuations. The BESS
provides stability to the system by injecting or receiving sudden variations in energy on a microsecond
basis. In addition, the Old Crow power system utilises a BESS to reduce the curtailment of

solar energy during high solar penetration periods by diverting excess energy to charge the battery and
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to reduce use of diesel generation during low solar penetration periods as the stored energy in the
battery can be discharged for up to one hour before power from the diesel generators is required.
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Policy and Regulatory Enablers

Lesson 3: Importance of community engagement, acceptance and training for the effectiveness
of the project

Throughout the project, the Vuntut
Gwitchin Government (VGG) held
numerous public information sessions
for the community. Particular
attention was given to hearing from
diverse voices, from respected elders
through to the youth as future
custodians of the power system.
Concerns were raised regarding the
proposed siting and design of the
solar farm as it would have
encroached on a culturally significant
berry patch. A compromise in :
technical design was agreed to, which Figure 43 - Residential housing in Old Crow, Canada [181]
provided the necessary social license

for the project to proceed with community support. No fencing was installed around the solar arrays
allowing the community and fauna access to the site. The solution allowed the project to leverage the
sunniest spot in the community whilst minimising disturbances to the berry bushes As Dana Tizya-
Tramm, chief of the Vuntut Gwitchin First Nation stated:

“Our elders are picking berries in an ancient natural energy system beside a nhew modern technological
energy system,”

Lesson 4: Upskilling locals can reduce maintenance costs by reliance on external technical
expertise

¥ One of the major challenges

' : faced by the project was access
to adequate technical expertise
within the community. In the
beginning, the project
necessarily relied on external
technical consultants, which
severely impacted progress
during the pandemic when
travel restrictions applied. The
project was planned for

completion by 2020 but had to
be delayed due to insufficient

- g et R j i x

4

Figure 44 - Entrance to Old Crow, Canada [182]

expertise. However, the Northern
Energy Innovation team returned to Old Crow with Solvest, a Canadian based solar company, to provide
training to community members to maintain and operate the new solar energy system. This upfront
investment is expected to reduce dependence on outside help and therefore reduce the cost of operating
and maintaining the power system.
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Lesson 5: Community ownership with local utility operation provides benefits to the community

Prior to 2015, Yukon had no off-grid independent power production (IPP) policy. As a result, isolated
communities faced limited autonomy in meeting their own energy needs and were subject to the high-
costs for provision of electricity from their responsible utilities, with high risk for local utilities and IPPs to
invest in community renewable energy projects. The Yukon government prepared legislation to allow the
VGG to receive a return on investment from the project. In October 2015 the Yukon Government adopted
the IPP policy which provided:

“opportunities for non-utility entities to generate new power that can assist the utilities in meeting the
demand for affordable, reliable, flexible and clean electrical energy” [52].

Set in 2018, the new 25-year Electricity Purchase Agreement (EPA) between the Vuntut Gwitchin
Government and ATCO Electric Yukon allows the community to enjoy greater benefits with around
$410,000 going to the community annually. Under the EPA, ATCO purchased the capital assets, including
the BESS, microgrid controller and solar farm. ATCO also operates the microgrid controller to ensure the
system operates efficiently, maximizing diesel-off periods whilst providing safe and reliable power. The
VGG is responsible for the maintenance of the PV plant. Through this agreement the VGG will sell ATCO
Electric Yukon energy generated by the solar farm at a price representing avoided diesel fuel costs and
maintenance and capital costs savings (around USD$0.65/kWh). This will generate stable, long-term
income for the community over the project life and contribute significantly to community sustainability.
Many ownership models can be observed in Canada, however a general partnership between the
indigenous community and utility allows the community to be in the driver’s seat for energy planning
whilst utilising the expertise and funding of energy developers.

Market and Commercial Enablers

Lesson 6: Complementary roles between federal, provincial, and territorial levels of governance

The federal government is responsible for economy-wide policies and initiatives. As part of this, Natural
Resources Canada (NRC) was formed as the lead federal department for energy policy. It has been
mandated to lead Canada’s efforts to achieve 100% net-zero electricity by 2035. NRC works with
indigenous rural communities to decarbonise their electricity systems. In 2018 NRC launched the Clean
Energy for Rural and Remote Communities program providing $220 million over 8 years to reduce reliance
on diesel in rural and remote communities. This program brought $2.45 million in funding for the Old
Crow Solar Project alongside another $6 million through other federal government programs. New
programs have been established since then such as the Wah-ila-toos hub which received a budget of
$300 million until 2027 to advance clean energy for indigenous, rural and remote communities across
Canada. The provincial and territorial levels of government are responsible for planning and regulating
their respective energy resources and utilities. This includes the rates that utilities charge their
customers.
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Isla Huapi, Chile, South America

Background and Overview

Operator Community
Population 300
Nearest Grid 10km

Installed Capacity | 417kW

Max Demand TBC

Annual RE Volume | TBC

Isla Huapi is an island located in the south-eastern part of Chile in the middle of Lake Ranco in the
commune of Futrono, Los Rios region. The island is home to around 300 residents accounting for 145
households. There are two communities on the island, both springing from the Mapuche Huilliche
community. The island’s residents are mainly farmers who support themselves through the sale of their
agricultural products and the islands tourism industry. The Mapuche people populated the island as they
fled from war. Throughout their history, the Mapuche people have been suppressed and manipulated by
Chilean state authorities most notably through land loss and displacement in the nineteenth and
twentieth century [53]. In many cases rural Mapuche communities have wrestled with authorities over
self-determination, recognition and the restitution of ancestral territories. For the case of Isla Huapi,
residents demand governmental and municipal funding on material development in their community. The
community is eager to participate in government development initiatives aimed at economic enhancement
and infrastructural development such as water and electricity. Through partnerships with the

Ministry of Energy in coordination with the Municipality of Futrono and the local community, Huapi Island
has become the first ‘solar island” without generation backup in Chile, with more than 150 families
receiving permanent electricity supply through household PV installations. The island has no outside grid
connections and interconnections between households on the island are sparce. Most households are
self-sustaining with only their PV system available for power whilst others rely on small diesel generators.

Between 2004 and 2007 the local government worked on a rural electrification project which saw diesel
generation electrifying the island. In 2014 the community came forward that they were against the diesel
microgrid and sought for a more renewable alternative. During the same year the local government
requested the Ministry of Energy for a new PV technology project for the community [53].
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Figure 45 - Barge connecting Isla Huapi to mainland [54]

In 2010 a family from Isla Huapi researched and installed an individual PV system for their household.
The system provided great benefits and so the community approached the authorities to adopt this
solution across the entire island. Between 2014 and 2016, the Ministry of Energy partnered with the
Municipality of Futrono to establish a dialogue with the community about the feasibility of this solution.
This project was implemented alongside the development of the 2050 Chile Energy Policy which was
adopted in 2016. The policy set an ambitious goal to transition to 70% renewable generation by 2050.
The project also followed the guidelines for the development of rural electrification initiatives set out in
the policy. In 2017, the project was drawn up by the Ministry of Energy at the request of the Municipality
of Futrono [53].

Between July 2017 and March 2018 equipment installation took place across the island. Continuous
community participation in the project decision-making process was fulfilled through regular meetings.
These meetings were convened by the electrification committee who acted as representatives for the
community to voice the ideals and requirements of the community to the leading entities. The project
was fully completed and operational in March 2018 which saw 151 individual PV arrays installed at local
households, four churches and the ruca (*house’ in Mapudungun, a traditional Mapuche building for
community use) [53]. Each system consists of 8 PV panels of 345kWp each, totalling 2.76kWp per home,
with a 25kWh OPzV-type battery bank, 2kVA inverter and regulator with MPPT [55]. There are plans to
install 114 additional PV systems during the second phase of the project.

Equitable access to energy has had a positive effect on the enjoyment of several internationally
recognized human rights by the community. These include but are not limited to:

a) The rights to food and health through access to food refrigeration leading to better hygiene and
food preservation

b) The right to education through electric lighting to allow children and teenagers to complete
school asks after school hours

¢) The right to work through internet and electricity access within work areas to complete certain
tasks

d) The right to access to information through access to telephones, televisions, radios and internet
connections
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e) The right to a healthy environment as the community no longer relies on diesel for power
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IR ISLA HUAPI TIMELINE
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researghed and installed their the proposal to transition from diesel with the Municipality of Futrono to

own PV system generation to more renewable establish dialogue with the
power community

O) )
S S

E 2018 / 2017
I\ Equipment installation was completed on E ﬂ Project was drawn up by the Ministry
—~

the island, installing a total of 151 individual of Energy
PV systems

Today

The residents of the island now enjoy
constant renewable power to use for
work, education and general living.

Technological Considerations

Lesson 1: Ease of installation and operation of individual PV systems for communities in remote
areas

This project brought electricity access for many of the residents on the island. The island has no
centralised generation or a distribution grid. Each household has to produce its own power, with it being
common in isolated areas of Chile without power to use small diesel generators at each household (no
more than 3kVA). There is no obligation to report these connections to the authorities, making it difficult
to track the number, cost and consumption of these systems. Since 2012, the residents of Isla Huapi
identified the importance of renewable sources to provide power to their community. The solution realised
was a one-size-fits-all approach, electrifying each household with a standard PV arrangement.

This allowed for ease of installation across all households, whilst also allowing the systems to be easy to
maintain when ownership was transferred over to the community. These systems come with a 2kVA off-
grid inverter with charger function, allowing connection to an external diesel generator if more electricity
is required. The solar panels come with MPPT to allow maximum production. The energy is then stored in
the battery systems to allow the residents to use the power during the night.

Policy and Regulatory Enablers

Lesson 2: Value of equitable access to clean and secure energy

The 151 individual PV systems have enabled the families of Isla Huapi to enjoy the benefits of reliable
and accessible electricity. Each household now has enough power for lightning, television, refrigeration.
Washing machines and other less impactful needs such as telephone and tablet charging and internet
access [53]. The use of these appliances and technologies greatly increases the quality of life for families
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on the island. The island has even seen an increase in population of around 100 people since the
installation of the PV systems. The ministry is currently working alongside the community to install PV
arrays for the new households under construction on the island. Financing for the addition of these new
systems has just begun.

The project has aided in the eradication of poverty, more specifically the eradication of energy poverty. It
has also had a positive effect on the enjoyment of the right to work. This was especially prevalent during
the construction phase which saw SAESA training and hiring local residents to conduct some of the work
on the island. This increased the overall skill level of the community and increased their likelihood of
finding work. Alongside this training the authorities and the company provided training and talks to the
community on the project and effective use of equipment. There was on average one training session a
month during the life cycle of the project with a total of 20 training sessions organized.

Figure 46 — Aerial view of Isla Huapi [54]

Lesson 3: Participation and dialogue between community, utility and state

Through the successful
implementation of a single PV
installation, in 2017 the
electrification project was
proposed by the Ministry of
Energy at the request of the
Municipality of Futrono, who
was in charge of the bidding
process [53]. The community
expressed a great desire to
install PV systems as sustainable
renewable energy at each
household. More than 20
companies expressed interest in Figure 47 - Members from the Ministry of Energy and Isla Huapi
the project and after many visits residents [163]

to the island 8 concrete bids

were established. The electricity distribution company, Sociedad Austral de Electricidad S.A. (SAESA),
won the bid with Wireless Energy who had experience with previous PV projects.
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The project was characterized by a high-level participation and ownership by the community with
guidance and regulation from the leading entities. The top-level and start-up of the project involved
coordination and leadership from the Ministry of Energy with the Municipality of Futrono. At the central
level there was collaboration between the Ministry of Energy and the Ministry of Social Development as
well as the community who had to approve the project. At the local level the Municipality of Futrono, who
was the administrative entity responsible for Isla Huapi, participated in technical development and
processes with the assistance of the Ministry of Energy.

Coordination at this level posed several challenges, with some concerns about the effect of the project on
the surrounding environment and the costs associated with the project. However, through a high level of
participation and ownership by the community and the commitment to the project from all participating

entities, it was possible to implement flexible and accepted solutions. As one community member stated:

‘I wondered how this is all going to work and how much is going to come out but, over time, through the
conversations I realised that everything was going to work out well. I am very satisfied with the project’
[53]

Another issue that arose was during the beginning of the project, the Ministry of Energy, contractor,
resident engineer, municipality, on-field advisor and the local community were all receiving different
requirements and information on the project. New families who wanted to participate in the project
communicated with on-field advisors, whilst others spoke directly to the mayor’s office, and some spoke
with the installation workers. This created conflict within the community as families wished to be a part of
the project, but due to budget restrictions, they were unable to join. The Ministry of Energy solved this
issue by coordinating all stakeholders involved to enable the interests of all stakeholders to be clarified
and coordinated to come to a solution.

Lesson 4: Committee as a community-based management model

To establish greater
coordination and communication
between the community, the
Municipality of Futrono, the
Ministry of Energy and SAESA, a
committee was created to
represent the people of Isla
Huapi. The committee was
established as a mandatory part
of the project which started off
with around 20 members and
now has around 40, all of which

are residents of the island, with
an even gender split. The

Figure 48 - Community meeting on Isla Huapi [53]

committee began at the start of
the project and has closely

followed all stages of development, from proposal and installation and now to operation and
maintenance. SAESA’s warranty expired in 2019 and has now placed the committee in charge of
equipment maintenance and any other technical expertise required. With the assistance of the training
sessions and support from SAESA, the committee has been able to effectively maintain the induvial
systems.
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Market and Commercial Enablers

Lesson 5: Fixed monthly fees provide equitable access to electricity for all

Through an initial grant of US$100k provided by the Ministry of Energy, the electric distribution company
SAESA, was able to install the PV systems as well as train the community in the operation and
maintenance of the systems. During the transition period in 2019 from SAESA operation and maintenance
to committee operation and maintenance, the committee communicated with the community and
established a fixed monthly to be paid by each household with a PV system (currently 3.6 USD) [53]. A
fixed fee was chosen instead of payment by consumption as it was determined to be an equitable and
predictable payment for everyone. This did bring about some conflict as the community had questions
about the value of the payment, and why they need to pay even when the sun does not shine. The
committee spoke with the community and came to a resolution through an understanding of a need for
available funds during emergencies and for operation and maintenance. The community now sees value in
the payments and greatly appreciates the benefits the systems have brought to their community.
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Savai'l, Upolu and Manono Islands,
Samoa

Background and Overview

Operator EPC

Population 197,000 Saunii

Nearest Grid 4,400km ' ”
Installed Capacity 78.51MW Upolu‘
Max Demand 33MW

Annual RE Volume 38%

Samoa is located in the Pacific Ocean between Fiji and French Polynesia and consists of four islands.
Most of the population reside on the two main islands, Savai'l and Upolu, followed by the smaller
islands, Manono and Apolima, situated in between the two main islands. Economic growth is driven by
major exports of fresh fish, coconut oil, taro and nonu juice with many of its residents working in
tourism, agriculture and fisheries. Electric Power Corporation (EPC) is an autonomous government
owned corporative that has been responsible for providing electricity on the four islands since its
establishment in 1972. EPC began by supplying electricity exclusively to the capital of Samoa, Apia, but
now provides power to around 98% of the population. Each of the islands have their own grid network,
with Upolu providing power to Manono via an underwater cable. Majority of the power is generated
from a total of 39.5MW of diesel, 30.7MW on Upolu and 8.8MW on Savai‘i. Hydro generation then
contributes roughly 24% to the generation mix with 15.46MW of capacity, 15.26MW on Upolu and
0.2MW on Savai'i. Next is a mix of IPP and EPC owned solar farms totalling around 15MW of capacity,
0.55MW of wind energy, 0.75MW of biomass and two BESS totalling 8MW/13.6MWh of capacity. The
islands now enjoy a total of around 38% renewable penetration.
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Like many other islands in the pacific region, Samoa is vulnerable to volatile fuel prices due to its large

- "

reliance on imported diesel for
power generation. This was
highlighted during the 2008
global financial crisis which
saw electricity prices on the
island dramatically increasing.
The Government responded to
this by taking initiatives to shift
to more renewable energy. A
commitment to achieve 100%

renewable energy generation
by 2025 was set under the

Figure 49 - Faga-loa Bay, Samoa [184]
Samoa Energy Sector Plan

(SESP). In 2007 a renewable

energy unit was set up to manage and develop projects associated with renewable energy technologies.
From 2008 to 2016, the unit was responsible for the Samoa Power Sector Expansion Project (PSEP)
which saw implementation of various improvements to the power system, including a new Supervisory
Control and Data Acquisition (SCADA) system. Additionally, in 2017 the renewable energy unit
established the Improving the Performance and Reliability of RE Power System in Samoa (IMPRESS)
project to improve utilisation of indigenous renewable energy sources.

Samoa is regularly subject to cyclones, earthquakes, droughts, and flooding causing damage to
infrastructure and reducing generation capacity. One major event was Cyclone Evan in 2012, which
damaged three hydro-generation facilities and the transmission network infrastructure. In 2014, EPC
secured funding for the Renewable Energy Development and Power Sector Rehabilitation Project which
saw repairs for the three damaged hydro facilities as well as construction of three new hydro power
stations.

SAMOA TIMELINE

EPC secured funding for the rehabilitation

Renewablo enerayuntselunic e e R et
P 9 suffered from Cyclone Evan in 2012 5 &
energy projects incentives to push towards 100%
2007 2014 Today

©, O O O O O

1972 ® 2008 2017
i 3 : o The Renewable energy unit
EPC established as a government owned Global financial crisis saw % ’
cooperative responsible for providing electricity prices dramatically establisticdithe IMERESS project andid

power to Samoa increase 100% renewable target by 2025 set in
the Energy Sector Plan

Technological Considerations

Lesson 1: Providing energy security in harsh weather conditions and in a volatile power
system with high renewable uptake
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As stated above, Samoa is subject to heavy rainfall, cyclones, earthquakes, flooding and droughts.
Paired with the unpredictable, intermittent and variable nature of solar, wind and hydro, the grids in
Samoa can be very unstable, unreliable and insecure. In response to this, in 2018 EPC installed two
BESS systems (2MW/ 3.3MWh and 6MW/ 10.2MWh) and a micro-grid controller under the PSEP on the
island of Upolu. Funded by the ADB, government of Japan through JICA, Australian Government and
government of Samoa, the systems now provide better stability for the grid and increased efficiency at
which electricity is stored and released to customers [56]. The systems also gives EPC the option to run
diesel generators at a lower capacity and standby mode whilst providing the flexibility required to use
solar during the day and hydropower during peak times. Originally, a higher capacity of diesel
generation was required in order to provide reliable power to cover the variability of solar generation on
the island.

EPC has a risk management strategy in place including a service continuity and response plan to reduce
risk and consequence of natural disasters on the operation of grid infrastructure. The plans ensure
continuity in electricity supply before, during and after a natural disaster whilst bringing safety to staff
and protection of important assets. There is also a recovery plan safeguarding all of EPC's sensitive data
and hardware in the event of a natural disaster or man-made incident [56].

Lesson 2: Utilisation of SCADA to coordinate and automate multiple renewable sources with
traditional diesel generation

Three SCADA systems have been constructed on the islands of Samoa. One at the Fiaga Power Station
on Upolu, Salelologa Power Station on Savai'l and at the Fulugsou Substation in Apia. The SCADA
systems provide generation assets with the capability to operate autonomously and communicate to a
third-party system to provide 24/7 monitoring and control of all generation on the main islands of Upolu
and Savai'i. The systems improve the operating efficiency, reduce unplanned outages, and provide early
detection and restoration of outages. The successful implementation of the systems required major
communication upgrades including 30km of multi-core fibre optic cable, installation of high-capacity
radio links, construction of radio towers and UHF radio links to remote hydro facilities. These upgrades
allowed for more accurate data to be combined with historical data to better forecast power generation
requirements, optimise allocations of renewable power on an hour-by-hour basis and improve
preventative maintenance regimes [56].

Lesson 3: Small-scale PV and Battery systems bring continuous and reliable power to small
islands

Residents on the smallest island,
Apolima, originally received power
from 100% diesel generation.
They received around 4 to 5 hours
of electricity a day due to the high
cost of operating the diesel
generators on the island. In 2007,
EPC launched a mini-grid project
on the island comprising of a
13.5kW PV system with a BESS.
The system provides 100%
renewable energy to all 100 Figure 50 - Solar array on Apolima [185]
residents on the island and was
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designed to be oversized to meet the expected increasing demand of the residents [57]. However, this
was achieved by arranging an agreement with the residents to not use high-power electric devices
(such as kettles and cookers) during cloudy periods and only use energy efficient devices. The system
also takes advantage of stacked inverters rather than a single inverter for scalability of the system
looking into the future.

Policy and Regulatory Enablers

Lesson 4: Policy and project formation requires strong enforcement and accountability to
achieve high renewable penetration

The Samoan Government has had heavy involvement in the transition of the island’s energy generation
to renewables. This began with the Samoa Energy Sector Plan (SESP) vision enacted in 2012-2016 which
saw ‘improved quality of life for all”. This was later updated to “sustainable and affordable energy

for all” for 2017-2022 and has been later modified to achieve 100% renewable generation by 2025.
These policies have enabled nearly 100% electrification on the island with balanced energy costs set
forward by the EPC.

However, the government originally set a policy to have 100% of energy generated from renewable
sources by 2017. Due to limited uptake of this plan, this goal was not able to be achieved and the plan
had to be set back.

The renewable share on the island has been slowly declining, with a renewable share of 38% in 2020
when previously they had a renewable share of 42% in 2018, even though 31GWh of new renewable
generation has been added since 2015.

Another key issue is that even though the Samoan Government’s Ministry of Commerce, Industry and
Labour has a key monitoring role for electrical equipment such as refrigerators, there is currently no
regulatory system in place for renewable energy equipment [56]. As a result of this, there have been
issues with faulty equipment from a non-standardised company. EPC in response to this have become
more attentive in monitoring equipment to ensure they are properly tested and meet the relevant
standards. This also includes adhering to Australia’s Clean Energy Council approved inverters and
modules list. As part of this, EPC has also requested the Samoan Government to be more aggressive in
their electronic equipment monitoring.

Market and Commercial Enablers

Lesson 5: Changing PPA and tariff structures to bring fair and cost-reduced renewable energy
to its customers

Since 2010, Samoa has promoted private sector investment in its renewable energy sector and currently
has five Independent Power Producers (IPPs) systems installed. This includes three IPPs who introduced
PV systems to Samoa. The main issue with the IPP PV systems is that PV generation costs are around
12% higher than the avoided diesel generation costs [56]. This is due to the capital-intensive nature of
PV infrastructure and significant market risk causing the IPPs to have significant return on capital which
increases the feed-in tariff paid by EPC to the IPPs. Under the contract, this price needs to be paid to the
IPPs even if they are generating more than Samoa’s demand. Also, before the battery systems were
installed, EPC required the diesel generators to operate at a higher capacity in order to cover for the
variability of the IPP PV generation, further contributing to generation costs. However, EPC still remains
committed to achieve the Government’s renewable energy targets and long-term sustainable and low-
cost generation for customers. This requires restructuring of new PPA’s to share the risk and rewards
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Hawaii
Island

Regulated local utility Hawaii State Planning Act —

226-6/226-10 Standards

Renewable Portfolio

Hawaii Clean Energy Initiative

Energy Efficiency Portfolio Standards ~ rooftop solar.

Integrated Demand Response Portfolio Plan implementing

a range of DR programs

Appendix C — Market Structure and Features of Selected Case Studies

King Island Electricity provision is subsidised by the Tasmanian Government via a Community Service

Onslow

Kaua'i
Island

Kodiak
Island

Cordova

Old Crow

Commercial Arrangements

Obligation [7].

One of the first instances of a ‘business as usual’ approach to utility management of DER
assets in Australia, using an end to end DER management system [15].

Distributed Energy Buyback Scheme and Commercial Buyback Scheme to incentivise energy

exports from customers to the grid

New Renewable Dispatchable Generation PPA model to address renewable energy
curtailment. KIUC has signed PPAs with several generation facilities for the purchase of

renewable sources to serve the customers of Kaua'i. Any individual, company, joint venture,

etc is eligible for membership to KIUC for the purchase of electricity.

The Board of Directors is made up of 9 individuals who operate the network. Each network

member must purchase electricity from KEA as soon as it is available.

The Board of Directors is made up of 7 individuals who operate the network. Each network

member must purchase electricity from CEC as soon as it is available.

Under a 25 year PPA, the VGFN owns the solar generation assets whilst ATCO owns the BESS

and microgrid controller to operate the grid at lowest cost for the customers.

Funding, CAPEX and OPEX

King Island Renewable Energy Integration Project, one phase of several in the build-out
of the King Island system had total project costs of U$17.7M with $6M coming from
ARENA.

$11.98 [7]M CAPEX per MW Installed

Part funded by Petro-chemical multinational Chevron given dependence on Onslow
community for workforce and social license.

Partnering with various generation and operation companies (such as AES, Gay &
Robinson and McBryde) to construct and operate renewable plants.

$16M through Alaska Energy Authority, $39.6M through clean renewable energy bonds,
KEA contributed $3.5M and Matson and City of Kodiak contributed $0.4M each

Battery Project: $1,025,000 (CEC), $500,00 (SANDIA), $325,000 (PNNL)
$24mil for Power Creek Hydro Project
Upfront costs of USD$2mil with USD$171,644 per year.

$500,000 investment from the Government of Yukon

$8.5 million funding from the Government of Canada

Solar schemes and programs to incentivise uptake of

Electricity
Rates

AUS$0.26/kWh

AUS$0.30/kWh

US$0.43/kWh
[2011]

US$0.33/kWh
[2022]
US$0.177/kWh
[2000]
US$0.162/kWh
[2022]

US$0.375/kWh

117



Isla Huapi

Samoa

Lord Howe
Island

Hawaii
Island

Community selected committee operates and determines fixed monthly prices to be paid by
each user with a solar array.

Different tariff structure for large industrial users to incentivise renewable generation rather
than cheaper self-owned diesel generation to balance operation costs across all customers.

There are two tariff classifications covering all customers on a domestic or commercial basis

with no off-peak hot water tariff.

Energy Performance Contracts to subsidise upfront costs and an extensive competitive
bidding framework to procure new energy projects

Funding from Ministry of Energy of USD$100k in partnership with the Municipality of AU$5.28/month
Futrono

US$0.28/kWh

$4.5mil grant from ARENA and a $5.9mil loan from the NSW Government (paid back via
diesel fuel savings) with the balance of funds contributed by the LHIB

Shareholders provide upfront funding for capital improvement projects whilst the PUC US$0.43/kWh
determines reasonable return on equity.
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Appendix D — Expansive Scan of 40 Case Studies Explored

System Specifications
(Generation types, capacity ratings,
integrated storage, etc)

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

Assessment of relevance to APEC's
Clean Energy Goals

Operating Context

Details of Islanded Grid
(Customers served, load types, reason for being islanded, etc)

01: Flinders Island Renewable Energy Hub

Location Flinders Island, Background: Resource Types: Challenges overcome during the project included the ability to The project has aided in displacing diesel fuel usage by
Tasmania integrate the renewable energy, both solar and wind, while 60%. A key objective was to develop scalable and
. The islanded grid was originally served entirely by diesel fuel supplied by the 3 MW e  Wind Turbine (900 kW) _g . i 9v. . ) ¥ o) ; \ . P ]

Operator Hydro Tasmania . . ) -, ) maintaining power quality and system security. As the renewable modularised designs for ‘readily deployable enabling

power station. The project was built on Hydro Tasmania’s successful King Island e  Solar Array (200 kw) o ., . .

Nameplate 7.2 MW ) . contribution increases, so does the need to carefully manage the technologies’ such as batteries, flywheels and resistors,

d Renewable Energy Integration Project. * e  BESS (750 kW/ 300 kWh) ) . . ) LT o .

Capacity wider power system (including diesel generators, feeders and enabling significant commissioning activities to be

Max/Min Demand 1.3 MW (max)

Project Costs:
VRE Penetration  60%

Total project costs of $13.4 mil with $5.5mil of this funded by ARENA. The current

02: Jabiru Hybrid Renewable Project

Load Type/s Residential/Commercial .
energy tariff is $0.26/kWh.
Location: Jabiru, Northern Background:
Territory . L .
Jabiru, which is seen as the gateway to Kakadu National Park and the West Arnhem
Operator EDL . . .
Region, had been supplied by diesel generators from the nearby — and now
Nameplate 11.4 MW - - )
P ity shuttered — Ranger uranium mine operated by Energy Resources Australia.
apaci

With the mine closed and the diesel generators decomissioned, the NT Labor
government sought the opportunity to shift the town to at least 50 per cent

Max/Min Demand renewable supply, awarding EDL the tender for the job in early 2021.2

VRE Penetration 50%
Residential

Flywheel (850 kVA)
Dynamic Resistor (1.5 MW)
Diesel generator (3 MW)

Resource Types:

Solar Farm (3.9 MW)
BESS (3 MW / 5 MWh)
Back up Diesel generator (4.5 MW)3

auxiliary systems) to effectively integrate the variable renewable
energy sources without putting the power supply at risk.

The Jabiru project is part of the Territory Labor government’s
$135.5 million dollar commitment to the Future of Jabiru and
Kakadu package, and is the first project to be completed as part of
the transition to a tourism and services hub.

Environmental approval was achieved through extensive research
and feasibility studies.*

03: Lord Howe Island Renewable Energy Project

Load Type/s Project Costs:
The project is part of the Commonwealth and Northern Territory Governments
pledge of $351mil of funding for infrastructure projects

Location Lord Howe Island® Background:

Operator Lord Howe Island Board A small island with .a population of .305 using .a_ microgrid to provide reliable power
to the general public and surrounding necessities.

(LHIB)
Nameplate 2.84 MW Project Costs:
Capacity ’

- Total project capital costs of $11.8mil with $4.5mil of it funded by ARENA.
Max/Min Demand  489kW

VRE Penetration 69%

Load Type/s Residential/Commercial

12018-10 Hydro Tas - Flinders Island Hybrid Energy Hub

2.2022-02 One Step Off the Grid - Territory town runs on 100% solar during day with new hybrid microgrid
32021-00 EDL - Jabiru Hybrid Renewable Project

42021-03 Department of the Chief Minister and Cabinet - Environmental Approvals Jabiru Power Station

Resource Types:

Solar PV array (1MW)
Diesel Generator (840kW)
BESS (1IMW/ 3.7MWh)
Tesla Microgrid Controller

Lord Howe Island is a UNESCO world heritage listed island which
makes it difficult to achieve development approval.

carried out in factories, which would reduce time on
site.

During the day, the town will run 100% on solar energy.
On average, the Jabiru power station will supply more
than 50% renewable energy to the town over the course
of the year, which puts the remote town in line with

the NT government’s target of 50% renewables by
2030.

The Hybrid Renewable Energy Project (HREP) was
undertaken to:

1. Achieve 67% renewable capacity from the solar PV
and BESS

Improve the island’s self-sufficiency

Removal reliance on imported diesel fuel

Protect the Island’s World Heritage and tourism
Seek lowest long-term cost

AW N
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Details of Islanded Grid

Location

Operator

Nameplate

Capacity

Max/Min Demand

VRE Penetration

Load Type/s

Location

Operator

Nameplate
Capacity

Max/Min Demand
VRE Penetration

Load Type/s

Location

Operator

Nameplate
Capacity

Max/Min Demand

VRE Penetration
Load Type/s

Onslow, WA

Horizon Power, PXiSe
Energy Solutions and
SwitchDin

3 MW

50%

Residential/Commercial

King Island, Tasmania

Hydro Tasmania

9.42 MW

2.5 MW (max)
65%

Residential/Commercial

Northern Territory

ARENA
10 MW

Varies based on
community
15-50%

Residential

Operating Context
(Customers served, load types, reason for being islanded, etc)

Background':

Design and installation both reflected the extreme conditions experienced at the
site, including extreme heat, cyclonic conditions and a corrosive environment.®

Customer Base:
850 residents

System Specifications
(Generation types, capacity ratings,
integrated storage, etc)

04: Onslow DER Project

Resource Types.”

e 1,341 kW of residential solar PV (261
systems)

e 640 kW of commercial and industrial solar
PV (8 systems)

e 190 kWh of residential energy storage (19
systems)

e 361 kWh of commercial and industrial
smoothing storage (8 systems)

e 1MW of utility solar farm

e 500 kWh of utility power station BESS

e 1 MWh of utility network BESS

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

Australia’s first implementation of the international ‘smart grid’
standard (IEEE 2030.5). This approach allows them to monitor and
securely issue control commands to DERs for feed-in management,
demand management, reactive power management and battery
management for individual sites.®

05: King Island Renewable Energy Integration Project

Background:

Being a remote island community, King Island is not connected to either mainland
Tasmania or mainland Australia for its electricity supply. Electricity on the island was
traditionally generated entirely from diesel fuel supplied by the 6 MW power station,
serving 12 GWh of annual customer demand, peaking at 2.5 MW.°

Customer Base:
1,800 Residential and Commercial with peak demand of 2,500 kW.

Project Costs:
Total project costs of $17.7mil with $6mil of this funded by ARENA. The current
energy tariff is $0.26/kWh.

Resource Types:

e  Wind Generation (2.45MW)

e  Solar PV (470kW)

e  BESS (3 MW/ 1.5MWh)

e  Flywheel (2 x IMVA)

e  Dynamic Resistor (1.5MW)

e  Aggregated customer demand response
system

e  Hybrid control system

Volunteers installed smart meters within homes to monitor loads
including hot water and local PV. These loads can act as a VPP to
aid the grid when necessary.

06: NT Solar Energy Transformation Program (SETuP)

Background:

There are 72 indigenous remote communities spread throughout the NT that largely
rely on diesel generators for power. This is due to their extreme distances from
transmission networks. For example, to power Kaltukatjara, 60,000 litres of diesel
fuel is transported every eight weeks from Darwin, over more than 2,000 km of
highways and dirt tracks.*°

Project Costs:
Total project costs of $59mil funded by ARENA.

6 2021-06 CPS National — Onslow — Design, Supply, Install and Commission 1MW Solar PV System

The project provided in total 10MW of solar PV with
medium to high penetration to 26 remote
communities during the initiatives’ life cycle. 9 MW
of the installations was designed to achieve 15%
diesel fuel displacement. A 1MW high penetration
system was installed at Daly River achieving 50%
diesel fuel displacement.

The primary financial metric is the value of the avoided diesel fuel
burn. The aim of the project is to manage and minimise operating
expenditure.

72019-11 Horizon Power — Onslow DERMS

8 2019-00 SwitchDin — Onslow - Cracking the distributed energy management challenge for Australia’s largest regional utility
% 2014-00 Hydro Tasmania — King Island Renewable Energy Integration Project

102014-00 ARENA — NT Solar Energy Transformation Program

Assessment of relevance to APEC's
Clean Energy Goals

On completion the Onslow DER Project will be one of
Australia’s largest distributed energy resources (DER)
microgrids with a very high level of renewable energy
penetration.

At its time, a world leading hybrid power system that
provides 65% of its energy from renewables. It is an
innovative idea that has aided as a good example of
renewable integration into isolated grids.

The aim of the project was to displace diesel fuel usage

within remote communities and foster understanding
within the community of the importance of renewable
energy.

120


https://www.horizonpower.com.au/your-community/getting-future-ready/onslow-distributed-energy-resources-management-system-derms/

System Specifications Key Learnings

Details of Islanded Grid Operating Context (6 tion t ity rati Assessment of relevance to APEC’s
. . eneration €s, capacity ratings, ic/l 1
(Customers served, load types, reason for being islanded, etc) . ypes, capacrty 9% (Costrecovery, pricing, m a/.' ket mechanisms, Clean Energy Goals
integrated storage, etc) consumer protections, etc)
07: Daintree Microgrid'!
Location Daintree Rainforest, Background: Grid Assessments. Customer Involvement: Daintree is proposing a pathway to 100% renewable
Queensland The Daintree area faces many geographical issues which ‘boxes’ it in from the rest Assessments of different microgrid structures have e  Establishing a mechanism to allow customers to benefit energy.
Operator Sunverge of Queensland, making it difficult to transport important infrastructure and connect | Peen explored and evaluated by the Queensland from sharing their excess solar production (similar to a
10.6 MW the area to the rest of the NEM. The area also is heavily forested, making it hard to  Government, whilst the Federal Government has FIT scheme) and implement residential and business
Nameplate ’ ! Iready funded i id iect.12 tariff:
Capacity implement solar due to low sunlight penetration. alreadly funded a microgrid project. arirs
e  obtaining stakeholder support and agreement on the key
Customer base: rinciples for engineering solutions, tariff structures,
. 640 residents and 550 overnight visitors with peak demand of 3.2MW. P p 9 9 ! ) !
Max/Min Demand 3.2MW (max) subsidies and schemes, ownership, regulation and
- o overnance
VRE Penetration 100./0 . . Project Costs: g
Load Type/s Residential/Commercial Current cost of electricity is $0.45/kWh for residents within the area. Varying capital
costs of $15 to $70mil with ongoing costs of $1.3 to $3.6 mil depending on supply
option chosen.
08: Cooper Pedy Hybrid Renewable Project
Location Cooper Pedy, South Background: Resource Types: Implementation of the hybrid system proved to reduce occurrence | The Cooper Pedy Microgrid is able to run for long
Australia Cooper Pedy is an isolated opal mining town. In 2013, EDL began investigating the Solar (1MW) of unplanned outages and duration of these outages. Thus, periods of time on 100% renewables. It paves the way
L]
Operator EDL potential to integrate renewable energy into the existing power station to reduce Wind (4MW) providing further energy security. for future projects which learn from the mistakes of this
. . . 13 o -
Nameplate 9.3 MW diesel consumption in Coober Pedy. . Total (9.3MW) project.
Capacity e  BESS (1MW/ 500kWh)
Customers Base: o  Diesel Generator (3.9MW)
Max/Min Demand 3.1 MW (max) Average demand of 1.4MW and peaks of 3.1MW in 2011. «  Flywheel (1.7M)
i i 14
VRE Penetration | 75% Project Costs: e Dynamic Resistor (3MW)
Load Type/s Residential/Commercial | Total project costs of $39mil with $18.4mil of this from ARENA funding
09: Rottnest Island Water and Renewable Energy Nexus
Location Rottnest Island, Background: Resource Types: Remote data performance management tools provide operator The project proved that the storing surplus renewable
W A li iewi i b and smart pho . Automated performance energy, by converting it to desalinated water and
estern ustra_1 @ Due to Rottnest Island’s high visitation with over 500,000 visitors annually, a range o  Diesel Generation (1.54 MW) v wmg via we .an > a. pnone apps. AU 0, @ .e performanc " .rgy. v e nv. rang L 1o Sé nated water a.
Operator Hydro Tasmania ) . . . . . ) reporting, allowing real-time and remote monitoring and storing in tanks is a cost-effective approach to increase
of educational resources, including a digital energy dashboard, physical signage and e  Solar Generation (600 kW) erformance monitoring of the power system the utilisation of renewable ener
Nameplate 3.2MW a phone App, were developed to increase the knowledge of school groups and the e  Wind generation (600 kW) P 9 P t ' 9y
Capaci ici i . D ic Resi kw
P |t_y general public in sustainable energy * yna.mlc esistor (500 kW) Main driver of the project was to displace diesel with renewable
Max/Min Demand 1.1 MW (max) e  Hybrid power system controller .
] generation.
VRE Penetration | 45% Project Costs:
Load Type/s Residential/ Commercial Total project costs of $6.1mil with $3.8mil of this funded by ARENA.
10: Esperance Power Project
Location Esperance, Western Background: Resource Types:6 Local goods and services were used wherever The 20-year-old power station has now been replaced,
Australia possible in the delivery of this project. Projected annual savings to | cutting carbon emissions by almost 50%.
: - e Gas (22 MW) i
Operator Horizon Power & Pacific the State Government of $10m.

e  Wind (9 MW)
Energy

112020-00 Sunverge — Powering Daintree

12.2019-09 KPMG - Daintree Electricity Supply Study

132019-06 EDL - Cooper Pedy Hybrid Renewable Project

142019-06 Renew Economy - Coober Pedy powered by 100 per cent renewables — most of the time
152018-10 Hydro Tas - Rottnest Island water renewable energy nexus

16 2020-00 Pacific Energy - Esperance Power Station

17.2021-00 Horizon Power - Esperance Power Project Facts Sheet
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Operating Context System Specifications

Details of Islanded Grid
(Customers served, load types, reason for being islanded, etc)

integrated storage, etc)

(Generation types, capacity ratings,

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

ARENA has funded $2.6 mil and the Western Australian
Government’s Recovery Plan has funded $5.7 mil to Horizon Power
to build the renewable hydrogen demonstration.*®

Nameplate 39 MW Opportunities are being explored to facilitate community involvement in 50% of the e  Solar (4 MW)
Capacity solar farm into the future. The Synergy-owned Nine Mile and Ten Mile wind farms e  BESS (4 MW)
Max/Min Demand reached end of design life in 2014.
VRE Penetration 50%
Load Type/s Residential/Commercial
11: Denham Hydrogen Demonstration Plant
Location Denham, Western Background': Resource Types:
Australia This will be Australia’s first renewable hydrogen demonstration plant in a remote Solar Farm (704 kW)
L]
Operator Horizon Power power system. The hydrogen plant equipment will be located at the existing power Electrol Hvd G ) d
station site. 18 o ectrolyser, Hydrogen Compression an
Nameplate 1.14 MW Storage (348 kW)
Capacity

Project Costs: . Fuel Cell (100 kW)

Project Costs and Electric Rates:
Total project costs of $8.9mil with $2.57mil of this funded by ARENA.

Max/Min Demand

VRE Penetration  Unknown (planned for The project will provide 526 MWh of dispatchable

100%) renewable electricity per year, enough to power 100
Load Type/s Residential homes.
12: Agnew Renewable Microgrid
Location Agnew, Leinster, Background: Resource Types:
Western Australi
Operator E[:_s ern Austratia This is a unique microgrid project that looks at powering a gold mine through a e  Wind Farm (18 MW)
Np -y 55 MW hybrid system. The gold mine uses complementary wind and solar for 54% of its e  Solar Farm (4 MW)
ame|_) ate annual electricity usage with a gas and diesel engine power station for the other e  BESS (13 MW/ 4MWh)
Capacity o, 20 . . .
_ 46%. e Gas and diesel engine power station

Max/Min Demand 20 MW (max) (21MW)
VRE Penetration 54% - PijE’Cf Costs: Annual Production:
Load Type/s Industrial Total project costs of $111.6mil with $13.5mil of this funded by ARENA. e Wind (56,600 MWh)

e  Solar (6,886 MWh)

e  BESS (356 MWh)

e  Thermal (53,163 MWh)?

13: Kalbarri Microgrid
Location Kalbarri, Western Background: Resource Types:
Operator C\;jessttr::: Power The Kalbarri microgrid is a small-scale power grid connected to the main electricity e  Wind Farm (1.6 MW)
P network to help meet peak demand and improve reliability of power supply to the e  Roof-top Solar (1 MW)
town. The microgrid uses local generation and energy storage to provide a supply to e  BESS (2 MWh)
Nameplate 5 MW o »
d the town when the network connection is interrupted.
Capacity
. d Customer Base:
Max/Min Demand | 3 MW (max) 1,500 permanent residents with 100,000 annual visitors are served by the
VRE Penetration | 100% when off the grid microgrid.
Load Type/s Residential/ Commercial
Project Costs:

$15mil investment by the State Government.
14: Clean Energy Innovation Hub

18 2021-00 Horizon Power - Denham Hydrogen Demonstration Plant

19.2020-11 ARENA - Powering regional and remote Australia with renewable hydrogen
20 2022-03 Gold Fields - Gold Fields Agnew Gold Mine

21 2022-03 Gold Fields - Gold Fields Agnew Hybrid Microgrid Facts Sheet

22.2022-02 Western Power - Kalbarri Microgrid Facts Sheet

The cost of solar, wind and battery projects are on their own
continuing to approach commercially competitive levels through
economies of scale.

The Project has demonstrated that investing in renewables is a
change in risk profile for miners. Prepaying for energy (via the
capital cost of building a renewable energy power generating
facility) requires a significant, upfront investment, which tests the
strength of the balance sheet and may not be feasible for small cap
miners with smaller capitalisations.

An automated text message alert system will be activated so that
when power is interrupted and the microgrid is operating, a
notification will be sent to mobile phones so residents can adjust
their power usage.

Assessment of relevance to APEC's
Clean Energy Goals

The hybrid solar and hydrogen power system will test
the technical capability of hydrogen as a dispatchable
power source in remote microgrids, in anticipation of
the technology becoming cost competitive in the future
and is a step towards Horizon Power meeting its target
of no new diesel generation systems from 2025.

This project is providing a blueprint for organisations to

deploy similar off-grid energy solutions and demonstrate
a pathway for

commercialisation of low emissions technologies by de-
risking the technical and commercial integration of high
renewable energy fraction power solutions.

The Kalbarri microgrid solution will be used as a
blueprint for other regional areas and to help in the
development of further renewable generation across the
rural edges of the electricity network.

122



Details of Islanded Grid

Location
Operator
Nameplate
Capacity
Max/Min Demand
VRE Penetration

Load Type/s

Location

Operator
Nameplate
Capacity
Max/Min Demand

VRE Penetration
Load Type/s

Location

Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration
Load Type/s

Operating Context
(Customers served, load types, reason for being islanded, etc)

Perth, Western Australia | Background:

ATCO Gas Australia
0.76 MW

Unknown

Industrial

Carnarvon, Western
Australia

Horizon Power

14 MW

585 kW (Max from
solar)

Unknown
Residential

Yulara, Northern
Territory

Voyages Indigenous
Tourism

1.8 MW (Solar only)

1.5 MW (max)
15%
Commercial

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. 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.?

Background:

The isolated town experienced a rapid uptake of solar PV in 2008-2011. As part of
this, unique monitoring infrastructure was installed on a sampled distributed PV
system. For the analysis period of 2017-2018, data collected was used to determine
and review fluctuation and diversity factors currently used in Horizon Power’s
approach to determining PV hosting capacity on their networks. ¢

The study was conducted to highlight the effects of geographical dispersion on PV
output variability within the Yulara region. It found that centralised PV systems
reached fluctuation magnitudes of nearly 70% whilst dispersed systems only had
40%.%

Project Costs:
Total project costs of $6.9mil with $0.45mil funded by ARENA.

System Specifications
(Generation types, capacity ratings,
integrated storage, etc)

Resource Types?*

e  Rooftop Solar (300 kW)
e  BESS (500 kWh)

e  Electrolyser (260 kW)

e  Gas generator (200 kW)

15: Carnarvon DER Trials

Resource Types:

e  Gas-fired Power Station (13 MW)

e 121 customer connected solar systems
(~700 kW)

e  Commercial solar farm (300 kW)

16: Yulara Solar Project

Resource Types:
e PV (1.8MW)

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

Produce a live virtual bill that details AGA’s energy unbundled
contract and drivers?”:

e  Outline the real time impact on energy value streams,
network value, capacity markets and environmental
emissions; and

Display site load profile and the energy market trading profiles to:

e  Encourage informed behaviours to turn off loads or turn
on the generators

e Interface with links from AEMO on total grid output.

Monitoring infrastructure found varying cloud cover and inverter
tripping events were the main causes for fluctuation in power ay
27% and 53% respectively. The study focused on the fluctuation
due to cloud movement rather than providing solutions to the
issue.

The largest array of Yulara’s PV system can be curtailed to ensure
stability of the grid and responds to signals from the central power
station. The project also highlighted the importance of high-
resolution data at 5-second intervals rather than 30-minute
averages to capture true crucial underlying information.

Assessment of relevance to APEC's
Clean Energy Goals

ATCO’s CEIH is an Australian-first, which integrates
renewable hydrogen production and fuel cell technology
with a renewable energy stand-alone-power-system in a
“living lab” microgrid setup.

The Carnarvon DER trials aim to experientially
understand how to manage DER in a microgrid
environment, how DER orchestration can be used to
remediate power quality issues and how a system
operator can effectively exchange DER value with
customers.

The project uses geographical dispersion as one solution
to provide secure, resilient and consistent power to the
Yulara area.

17: Yukon Integrated System

Location

Operator

Yukon

Yukon Energy
Corporation

Background:

78% of the residents of Yukon live in the city of Whitehorse and the rest live in or
near Yukon’s 17 towns. All but five of these communities are connected through an
electrical transmission network, called the Yukon Integrated System. The YIS is not
connected to the rest of North America.?®

232021-09 International Microgrid Association - Microgrids The Way Forward (p.33)
242019-11 ATCO - Clean Energy Innovation Hub Lessons

252019-12 ATCO - Clean Energy Innovation Hub (p.7)

26 2020-03 Horizon Power - Carnarvon DER trials technical report

27.2018-12 ARENA - Yurala's Dispersed Design to Reduce System Variability

28 2018-00 Government of Yukon — Yukon'’s Energy Context

29.2022-00 Yukon - Apply for a rebate to install a renewable energy system for your home
32 2020-09 Government of Yukon — Our Clean Future

93% of Yukon'’s electricity is generated by four
hydro pants with one wind turbine, the remaining
7% is generated by diesel and LNG.

Resource Types:

The 2013 Micro-generation Policy and its resulting production
incentive program provides the opportunity for residential and
commercial electricity customers to generate electricity from
renewable energy sources and sell surplus electricity to the grid.?

Policy incentives for uptake of renewables to further
support the grid. Energy security through large use of
hydro electricity and minimum use of diesel fuel.?
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Operating Context

Details of Islanded Grid
(Customers served, load types, reason for being islanded, etc)

Nameplate 156.6 MW .
Capacity Customer Base: .
38,000 o

Max/Min Demand 104 MW (max)

Project Costs:

In partnership with the government of Canada, around $500mil will be invested
from 2020 to 2030 to implement ‘Our Clean Future'.

VRE Penetration 93%

System Specifications

(Generation types, capacity ratings,

integrated storage, etc)

Hydro (92.1 MW)
Wind (0.65 MW)
Diesel (31.1 MW)

Load Type/s Mixed
18: Prince Edward Island Microgrid
Location Prince Edward Island, Background: Each previously described project has brought new
Canada Over the years several initiatives to transition to an electrified, low carbon generation and storage types and capacity to the

Operator PEI Energy Corporation | sustainable community have been implemented by the need for grid reliability and island:

resiliency. The key initiatives include®*: e  Solar PV (10 Mw and 21 MW)
N lat 376 MW
c:n;i?t: € «  Solar Program* «  BESS (1.5 MWh and 20 MWh)

P «  Summerside Sunbank Project’® «  Wind Farm (73.56 MW)

e  Slemon Park Microgrid Project®®

e 2020 Wind Farm®’

VRE Penetration | 40% Project Costs:

Current Residential rates of $0.16/kWh. Project costs of around $69mil for

Max/Min Demand 286 MW (max)

Load Type/s Mixed ) -
Summerside Sunbank Project
19: Gull Bay Project
Location Gull Bay, Ontario Background: The Solar PV and BESS will assist in reducing diesel
. ) . ) ) fuel use by 30% (130,000 | per year).
- It was not economically viable to connect the community to the Ontario electrical
Operator Ontario Power . -
. grid. The town can reach extreme temperatures of -45°C with a lack of
Generation . . ) Resource Types:
accommodation for out-of-town workers. Large amount of pre-planning went into
N ot 0.65 MW avoiding winter work. The planning and construction of the project had to be done *  Solar PV Array (365kW)
ame|_: ate ) in a way to respect traditional values.* e BESS (300kW/ 555kWh)
Capacity e  Hitachi Energy’s MGC600 microgrid

Customer Base:

Max/Min Demand | Unknown 375 residents, 100 homes and 13 community buildings.

1 0,
VRE Penetration | 25% Project Costs:

Load Type/s Residential Project costs of around $8-9mil.

30 2018-04 IEEE - 2030.7-2017 - IEEE Standard for the Specification of Microgrid Controllers
31 2022-02 Government of Canada - New EV Chargers Coming to The Yukon

33 2021-00 Natural Resources Canada - Smart Grid in Canada (p.34)

34 2022-06 Prince Edward Island - Solar Electric Rebate Program

352020-00 Summerside Sunbank - The Summerside Sunbank Project

36 2021-00 AMERESCO - AMERESCO AWARDED 10-MW SLEMON PARK MICROGRID PROJECT
37.2020-00 PEI Energy Corporation - 2020 Wind Farm

38 2017-03 Prince Edward Island - Provincial Energy Strategy

39 2018-08 University of Alberta - Prince Edward Island Energy Market Profile

402022-04 T&D World — Microgrid Helps Indigenous Canadians Use Less Diesel, Have More Energy Independence
412020-12 Ontario Energy Board - Regulated Price Plan Pilot Meta-Analysis

controllerError! Bookmark not defined.

Key Learnings ) Assessment of relevance to APEC’s
(Costrecovery, pricing, market mechanisms, Clean Energy Goals

consumer protections, etc)

Nationwide IEEE standards for the specification of Microgrid
Controllers.*

Government of Yukon has made investments to install 14 EV fast
chargers through a Natural resources Canada Initiative.>!

Federal funding for the Slemon Park Microgrid Project is provided In 2017 PEI Energy Corporation implemented an energy

by Natural Resources Canada’s Smart Grid Program, part of the strategy to drive the island towards more local economic
Government of Canada’s Investing in Canada Infrastructure opportunities, lower greenhouse gas emissions and
Program: Green Infrastructure stream. more cost efficiencies.®

The Solar Program provides up to 40% of the installed costs of 99% of the island’s energy generation comes from
home PV arrays, up to $10,000. The investor-owned integrated renewable sources, however, 60% of its demand comes
utility administers a net metering program for distributed from imports.>®

generation up to 100kW.

Provincial and federal government provided additional funding to The project aimed at introducing renewables to meet

boost the project. the energy requirements of remote communities without
much disturbance whilst maximising the reduction in

Some members of the public feel uneasy about removing the use of ' carbon emissions.

diesel fuel as it has been a reliable source of power for generations.

The project allows communities to become comfortable and aware

of the benefits of renewable energy.

Ontario has implemented pilots for residential consumers to test
new pricing structures.**
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Details of Islanded Grid

Operating Context

(Customers served, load types, reason for being islanded, etc)

Location Lac-Megantic, Quebec Background:
Operator Hydro-Quebec

Following the July 2013 rail disaster and the destruction of its downtown core, Lac-

Megantic was given the opportunity to rebuild with a more renewable focus.*

Nameplate 0.8 MW
Capacity

Customer Base:

Approximately 30 buildings including a sport comple, fire station, city hall and a

Max/Min Demand unknown
VRE Penetration 99%

railway station.

System Specifications

(Generation types, capacity ratings,

integrated storage, etc)

20: Lac-Megantic Microgrid

Resource Types:

2,200 Solar Panels (800 kW total)
BESS (700kWh)

Centralised control system

Buildings equipped with smart devices
Energy efficient measures

An EV charging station*®

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

Energy efficiency programs that encourage people to stop wasting
power and adopt energy-saving behaviours.

Optimise peak-period management and reduce the associated costs
by applying energy efficiency measures and tapping into auxiliary
power sources and cut back on high-priced energy purchases.

Assessment of relevance to APEC's
Clean Energy Goals

The microgrid was designed in consultation with an

engaged, forward-looking community that was willing to

innovate and support sustainable development.

Load Type/s Residential/Commercial
21: Sault Smart Grid
Location Sault Ste. Marie Background: Resource Types: The project provides an enabling platform Sault Ste. Marie is focused on providing high quality,
Sault Ste. Marie is in a good location for hydro power due to the neighbouring Ste. e  Wind Generation (272 MW) for renewable energy and expands (_:ustomer opp(:)rtunltles to take h|ghly rehat')Ie, green Power a-t a lower cost for -
Operator PUC . ) advantage of enhanced energy services and solutions. businesses interested in locating at Sault Ste. Marie.
Mary'’s rapids.* e  Solar Generation (68MW) o ) o
Name|_:late 620 MW «  Hydroelectric Generation (203MW) _Improved rellablll.ty will be realized through a reduction in the
Capamt_y Customer Base: e BESS (7MW) impact and duration of power outages
Max/Min Demand PUC Distribution serves approximately 33,500 mostly residential and commercial e  Cogeneration Facility (7OMW)*
VRE Penetration electricity customers in the city.
Load Type/s Residential/Commercial
Project Costs:
Around $1bil has been invested into energy for the Sault Ste. Marie region, this
project accounts for $34mil.
22: Old Crow
Location Old Crow, Yukon Background: The solar panels are fixed design at a much lower Community engagement, education and training of the local Focus on reducing costs for both the operator and its
Operator Vuntut Gwitchin Old Crow is 160km from the closest community and is not accessible by road with angle than most panels due to the low angle of the | residents was an important aspect to the effective completion of residents through renewable energy uptake has been a
Government reliance on diesel being transported by air for power. This has resulted in some of sun at this location. the project. There was conflict of interest between some of the large focus for Old Crow, with great success installing
Nameplate 4.4MW the highest electricity costs in Canada. This incentivised the installation of solar elders and the project plan, which was successfully resolved. the solar farm.
Capacity panels to reduce reliance on diesel for power. Resource Types:
Max/Min Demand 587kW e  Solar Generation (940kW)
VRE Penetration | 24% e BESS (616kW/612kWh)
Load Type/s Residential/Commercial o Diesel (2.8MW)

New Zealand

23: Cook Islands Renewable Energy Sector Project

Location Cook Islands Background:
Energy needs throughout the Cook Islands have been met by long-established

The project was completed in two phases each The main economic driver and cost recovery mechanism is the
including subprojects on the islands of Atiu, Mitiaro, | savings in diesel fuel imports. This causes the reduction in

Large shifts in government policy towards renewable
energy re-confirms energy as a fundamental

Operator Ministry of Finance and  distribution systems supplied by diesel-generated electricity on Rarotonga and the Mauke and Mangaaia (Phase 1), and Aituki (Phase household electricity prices. prerequisite to sustainable development. Large amounts
Economic Management | Pa Enua. The introduction of alternative energy sources has been minimal and 2). of efforts have gone in from the government to move
and Asian Development the islands towards 100% renewable.

Bank

422021-07 Hydro Quebec - The Lac-Mégantic microgrid: a window on the technologies of the future

43 2018-00 Hydro Quebec — Lac-Megantic Microgrid

44 2017-07 Wilson Center - Person, Place, and Policy

4> 2021-05 Sault Ste. Marie - First-in-Canada Community Wide Smart Grid Project Advances in Sault Ste. Marie
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System Specifications Key Learnings

Details of Islanded Grid Operating Context (6 tion ¢ ity rath Assessment of relevance to APEC’s
. . eneration €s, capacity ratings, icl 1
(Customers served, load types, reason for being islanded, etc) . ypes, capacrty 9% (Costrecovery, pricing, m a’,' ket mechanisms, Clean Energy Goals
integrated storage, etc) consumer protections, etc)
Nameplate 3 MW isolated. The growth of the Cook Islands economy has been largely dependent upon | Resource Types:
Capacity fossil fuels as its energy source. % o Solar Generation (2MW)
Max/Min Demand 151 kW (max) e BESS (IMW/ 9MWh)*
Customer Base:
VRE Penetration  95% The islands have a total population of 17,500, with varying load types being

provided from commercial to residential buildings.
Load Type/s Residential/Commercial

Project Costs:
Total project capital costs of $26mil.

24: Shuanghu Microgrid Project

Location Shuanghu Background: Resource Types: The project was developed with Advanced Metering Infrastructure | Sungrow is looking to provide reliable renewable energy
Operator Sungrow Power Supply | Shuanghu County’s extreme climate and elevation has frequently posed challenges Energy Storage Inverters (7 MW) as the main technology. The key benefit of the technology used is  to communities within harsh environments that would
L]

Nameplate 20 MW zc; ;r(;\;;;t:srisand other solar components, operating in the region’s frigid . 500 Og;mart I‘Elleters tz ;r:iwtp;rove the process of managing supply, demand and data normally not be able to use such technologies.
Capacity ' e Solar PV (13 MW) d '
Max/Min Demand  Unknown e  BESS (23.5MWh)*

E Customer Base:
VRE Penetration | Unknown e Energy Storage Inverters (7 MW)

14,000 local residents
Load Type/s Residential

25: Jeju Island Smart Grid Testbed

Location Jeju Island Background: Resource Types: Several pricing mechanisms were tested including consumers The test system aims to demonstrate the management
having a choice of different electricity rates, with the ability to sell of next generation utility networks and how they can be

Jeju island is the largest island in Korea and a popular tourist destination. The sunn Wind Farms (400 MW
Operator Jeju Energy Corporation ] . . 9 . . pop . . y * ( ) renewable energy back to the grid. There was also the feature to supported by modern IT platforms and communications
and windy conditions of the island made it a perfect test-site for wind and solar e  Rooftop solar (600 MW) . ; - g . )
. . . . . implement real-time pricing nationwide. networks. At the time, the government had plans to
Nameplate 1879 MW deployment. The project began in 2009 and the island continues to be a test site for e  Smart Meters o )
C i smart grid technologies and to create new business models e  Energy consumption info portal produce 119 of all energy from renewables from its
apacity ' . . Each consortium will perform in a competitive environment, and the ' 2012 share of 2.1%.
e  Electric Vehicles . . . . -
. government will provide persistent support to allow creation of new ' The island now has plans to be carbon neutral by 2030.
Max/Min Demand 386/ 791 MW> Customer Base:

business models.>! 52
Approximately 6,000 homes were served by the project with 168 companies

VRE Penetration 16% participating in it.%

Load Type/s Mixed
26: Gapa Island Microgrids for Electricity Self-Sufficiency
Location Gapa Island Background: Resource Types: The government has enacted relevant legislation, laws and policies ' The microgrid is able to run up to 7 days using only
The island covers an area of 0.86 km2 Wind Turbine (0.5 MW) for the growth of microgrids within the Korean region. This includes | renewables with the potential to run for 25 days a
L] .
Operator: KEPCO and has a population of 300. Electricity is produced with three 150 kW diesel Rooftop PV (174 kW) but is not limited to: month on average if the BESS was doubled. The model
L]
Nameplate 1.2 MW generators installed in 1992 and supplied to 196 customers through two distribution BESS (2 85 MWh) e  Low Carbon Green Growth Basic Act has been shared with Dubai Power Authority to be
. L .
Capacity lines. The main loads are residential, commercial and desalination facilities. The e  Green Building Support Act extended to five other islands nationwide.

46 2018-04 Ministry of Finance and Economic Management - Cook Islands Renewable Energy Sector Project
472022-03 Hydro-Electric Corporation - Cook Islands Environmental and Social Monitoring Report

48 2021-08 power Technology - Shuanghu Microgrid Project, China

42 2016-12 Microgrid Knowledge - Sungrow Connects China’s Largest Solar Plus Storage Microgrid Project
>0 2012-09 GSMA - Korea Jeju Island Smart Grid Test-Bed

>1 2011-08 Ministry of Knowledge Economy - JEJU Test Bed (p.12)

52.2021-07 UPI - Jeju, Korea's island paradise, also is a high-tech testbed

>3 2013-10 Dong-Hee Yoon - A Study on Jeju Power System Considering Smart Grid Elements
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System Specifications Key Learnings

Details of Islanded Grid Operating Context (Generation types, capacity ratings = . bani Assessment of relevance to APEC’s
(Customers served, load types, reason for being islanded, etc) . ypes, capacrty 9% (Costrecovery, pricing, m a’,' etmechanisms, Clean Energy Goals
integrated storage, etc) consumer protections, etc)
P 56 i 55 i i i
Max/Min Demand | 230 kW annual average ocean temperature of the is 16.°C, the average wind speed is 5.5 e  Diesel Generator (450 kW) . Expansngn of Smart Grlq new Serylce
VRE Penetration | 42% m/s, and the' maximum wind speed is 13 m/sD>* e  Foundation of Smart Grid Expansion

Load Type/s Residential/Commercial

United States of America

27: Kodiak Island Microgrid

Location Kodiak, Alaska® Customer Base: Resource Types: Successes: In 2004 EKA set a target of 95% electricity from
15,000 ) ) e  Stable electricity rates have led to an expansion of the renewable sources by 2020. In 2014 it was able to
; . e  Terror Lake Hydroelectric Generation L ; . . . :
Operator Kodiak Electric Station (31MW) fishing industry, creating more jobs and tax revenue achieve 99.7% of its average energy penetration from
Association Barriers: Wind Turbines (9MW) e  Combination of a variety of storage systems allows for a ' renewable resources.
L]
Nameplate 75 MW e  Kodiak’s remote location and climate funnels the decision-making process ) more robust microgrid in its operation
Capacity for facility construction * Back Up Diesel Generators (3LMW)
Lithium-Ion BESS (3MW/ 2MWh
Max/Min Demand 27.8 MW (max) e  The microgrid was one of the first of its kind, KEA did not have many ‘ FIIESE?;MC:/:]/)“ ( / )
L]
VRE Penetration 99.7% examples to look on.
Load Type/s Mixed
28: Redwood Coast Airport Microgrid
Location Redwood Coast, San Background: First front-of-meter, multi-customer microgrid on e  Provide resilience to critical community services in the Supporting vulnerable populations with a focus on
Franci PG&E’ . f f cli h | di j licati ion of feasibility.
rancisco It is a rural isolated community at the end of a transmission line. It is vulnerable to G&E’s system a.ce of climate change ar?d natura d|s§sters_ , project replication and demonstration of feasibility
Operator Redwood Coast Energy ) . oo 5 e First front-of-meter, multi-customer microgrid on PG&E'’s
) tsunamis, earthquakes, landslides, floods, wildfires and now PSPS events. o . .
Authority System works in either islanded or grid-connected system.
modes depending on larger grid operation.
Nameplate 4.7 MW
Capacity Resource Types:
Max/Min Demand 330 kW e PV array DC-coupled (2.2MW)
VRE Penetration | 100% back up *  BESS(2.2MW/ 8.8MWh)
e  Net-metered PV array (300kW)
Load Type/s Industrial/ Commercial
29: Mililani Solar
Location O’ahu, Hawaii Mililani Solar is the company’s fourth solar power plant. It is also Hawaii’s first Resource Types: Mililani provides grid reliability and energy security. The solar Aim of the project is to stabilise the cost of energy for
Operator Clearway Energy Group | utility-scale solar and battery storage plant.® BESS (156 MWh) panels shift throughout the day to maximise sunlight and enable customers through renewable energy means. This
L]
Nameplate 39 MW energy security throughout the night. project currently only slightly reduces rates, but eight
d e  Solar Power Plant (39 MW) . L
Capacity other projects are planned to be coming in 2023 and
Max/Min Demand 2024.
VRE Penetration | 33%
Load Type/s Mixed One of nine projects to move Hawaii towards 100%
renewable energy by 2045.
30: Kaua'i Island Isolated System
Location Kaua'i Island, Hawaii

%6 2016-07 Hankyoreh - One small island’s dream of energy self-sufficiency

>4 2020-09 Nautilus Institute - Microgrids for Electricity Generation in the Republic of Korea (p.11)

>52017-03 KOREA - Gapado Goes Green

>7 2015-11 RMI — Renewable Microgrid Profiles from Islands and Remote Communities (p.14)

58 2020-09 NRECA — Microgrids with Energy Storage: Benefits, Challenges of Two Microgrid Case Studies (p.7-11)
39 2020-09 SchatzCenter — Redwood Coast Airport Renewable Energy Microgrid

60 2022-08 Hawaiian Electric - Mililani I Solar now sending clean energy to O'ahu grid
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Details of Islanded Grid

Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration
Load Type/s

Location
Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration

Load Type/s

Location

Operator
Nameplate
Capacity
Max/Min Demand
VRE Penetration
Load Type/s

Location
Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration
Load Type/s

Location

Operator

Kaua'i Island Utility
Cooperative
259.2 MW

75.17 MW (max)
69.5%
Mixed

Coconut Island, Hawaii
Hawaii Natural Energy
Institute

6 kW

100% during grid
supply interruptions
Residential/ Commercial

Valencia Gardens, San
Francisco

Clean Coaltion

830 kw

570 kw

25%
Residential

San Diego, USA
Schneider Electric

11.5 MW

up to 21 days of 100%
Industrial

Chaninik Wind Group,
Alaska

Chaninik Wind Group

System Specifications
(Generation types, capacity ratings,
integrated storage, etc)

Operating Context
(Customers served, load types, reason for being islanded, etc)

Background: Resource Types:

In 2008 KIUC set a goal to power 50% of the island with renewable energy. At the e  Solar (118.9 MW)

time, hydroelectric plants accounted for 8% of the island’s electricity production. e  Hydro (17.3 MW)

The rest was from imported oil. Hawaii's electricity prices are higher than nearly e  Biomass (6.7 MW)

anywhere else in the US, paired with high sunshine penetration, this has given e  BESS (47 MW/ 222 MWh)

incentive to make the islands long time leaders in renewable energy adoption. The e  Renewable Generation Capacity (142.2

adoption of higher initial priced renewable energy facilities has brought about more MW)

stable electricity prices for consumers, with residential rates of $0.37/kWh.5! e  Oil Fired Generation Capacity (117 MW)%?
31: Coconut Island DC Microgrid

Background: A DC-powered e-car, e-boat and portable

emergency power source using a novel swappable
BESS have been deployed. They are powered
primarily from a 6.2kW rooftop solar PV system
couple with an 8kWh BESS.

Coconut island is home to two Hawaii Institute of Marine Biology (HIMB) buildings.
It is an ideal site for a renewable energy technology-based microgrid test bed that
represents a remote location vulnerable to energy disruption yet serving mission
critical power needs with a tropical coastal environment. ©

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

Because of the high percentage of renewables on KIUC's system,
which are purchased largely through long-term power purchase
agreements, KIUC achieved substantial rate stability in 2021 in the
wake of skyrocketing oil prices.
While KIUC's rates rose roughly 5% compared to 2020 rates, the
rest of the state experienced rate increases approaching 30%.

Environmental compliance was required by the SSFM to permit

HNEI in carrying out improvements to the microgrid testing system.

32: Valencia Gardens Energy Storage (VGES) Project

Sited at the Valencia Gardens Apartments (VGA), a low-income and senior housing
facility with 260 units.®*

Resource Types:

e  Solar (580 kW)
e  BESS (250kW/556kWh)

e  Electricity savings due to reducing the need for new
distribution and transmission grid infrastructure

e  Enhanced grid capabilities, reliability and resilience
through renewable-driven backup power to critical loads
during outages

33: Marine Corps Air Station Miramar Microgrid

Background: Resource Types:
The microgrid at the 23,000-acre air base, home to the 3rd Marine Aircraft Wing. e  Solar PV (1.3MW)
The microgrid is part of the US military’s effort to make sure its facilities have o  Diesel (4MW)
secure power supplies, partly through the use of microgrids.® e  Natural Gas (3MW)
e Landfill Gas (3.2MW)
34: Chaninik Wind Group Project
Background: Each of the four CWG village’s wind system consist

of the following:
e  Wind Turbines (95kW)
o  Diesel Generators (250kW)

In 2005 Chaninik Wind Group (CWG), a consortium of stand-alone utilities in south
western Alaska, was formed to combat the high electricity and home heating prices

61 2022-03 Honolulu Civil Beat - Kauai Quit Using Oil To Produce Most Of Its Electricity Years Ago. That’s Paying Off Now
62 2021-00 Kaua'i Island Utility Cooperative - KIUC 2021 Annual Report

63 2021-11 Hawaii Natural Energy Institute - Coconut Island DC Microgrid

64 2020-05 Clean Coalition — Valencia Gardens Energy Storage Project

652021-03 Microgrid Knowledge - Schneider Electric, Black & Veatch Finish Miramar Microgrid

66 2021-09 International Microgrid Association - Microgrids The Way Forward (p. 37)

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.

One method employed by CWG to increase the projects’ scale was
embracing beneficial

electrification, designing wind systems with excess capacity
diverted to electric thermal stoves installed in village homes. Even

Assessment of relevance to APEC's
Clean Energy Goals

In 2021 the island reached more than double the
Hawai'i State Renewable Portfolio Standard requirement
of 30% by 2021. Nine years ahead of KIUC's Strategic
Goal of 70% by 2030.

The project objective is to demonstrate and assess the
reliability, resilience, and energy efficiency benefits of a
DC microgrid serving two HIMB buildings. The system is
intended to support critical building loads during grid
supply interruptions and provide clean transportation
options powered primarily by rooftop solar energy.

The project is driving the small community towards a
more resilient and renewable-focused grid.

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.

CWG demonstrated one model for increasing renewable
energy projects’ economies of scale, which often
constrain developments in rural Alaska.
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Details of Islanded Grid

Nameplate
Capacity

Max/Min Demand
VRE Penetration
Load Type/s

Location

Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration

Load Type/s

Location

Operator

Nameplate
Capacity

Max/Min Demand

VRE Penetration

Load Type/s

Location
Operator

Nameplate
Capacity
Max/Min Demand
VRE Penetration
Load Type/s

1.38 MW

200 kW (average)
30%
Mixed

Cordova, Alaska

Cordova Electric
Cooperative

8 MW

6.5 MW
78%
Mixed

Oncor, Lancaster, Texas

Schneider Electric

1MW

100% during grid
supply interruptions
Commercial

Shungnak, Alaska
Alaska Village Electric
Cooperative

1.5 MW

363 kW (max)”®
10%
Residential

System Specifications
(Generation types, capacity ratings,
integrated storage, etc)

Key Learnings
(Costrecovery, pricing, market mechanisms,
consumer protections, etc)

residents without thermal stoves see positive economic benefits
from these wind/diesel hybrid systems.

Operating Context
(Customers served, load types, reason for being islanded, etc)

in many rural communities not connected to Alaska’s road system, especially e  Residential Electric Thermal Storage Units
through the high dependency on fossil fuels.®” e  Smart metering system

e  Improvements to the diesel power
Project Costs: plants®®
Original energy costs of $0.65/kWh are now estimated at $0.09 to $0.12/kWh.

Project costs of around $2mil

35: Cordova Microgrid
CEC is able to meet 78% of its annual demand from
the hydro plant, at times it is able to run solely on
the hydro generator.

CEC put all the town’s power lines underground to eliminate risk of

Background':
outages during the winter months and natural disaster events.

The town of Cordova is prone to large seasonal demand changes. During the spring
several hundred workers arrive and the electrical load ramps up. During this period
there is more reliance on the diesel generators which causes wastage of around

Resource Types:
1MW of power. The installation of a BESS assists in offsetting this wastage. % w

e  Hydro Generator (6MW)
o  Diesel Generators (2MW)

Project Costs:
e BESS (IMW/1MWh)

Diesel generation costs of $0.60/kWh with hydropower costs of $0.06/kWh. Upfront
project costs of around $2mil with annual operational costs of $171,644.

36: The Oncor System Operating Services Facility

During a loss-of-power event, a combination of S&C's advanced
distribution automation equipment and Schneider Electric’s
Microgrid Controller (MGC) use high-speed communications and
distributed grid intelligence to automatically detect a problem on
the grid.”?

The innovative system consists of four
interconnected microgrids and utilizes nine different
distributed generation sources, including two solar
photovoltaic arrays, a microturbine, two energy
storage units and four generators.

Background:

The Oncor System Operating Services Facility 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. 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

Resource Types:
optimise use of the DERs with a DERMS.”° P

e  Diesel Generators (605 kW)

e  Microturbine (65 kW)

e PV (106 kW)

e  BESS (200 kW/ 400 kWh)

e  Energy Storage (25kW/25kWh)”*

37: Shungnak Community Solar Project
Savings of around 25,000 gallons of fuel and $200,000 per year.

Background: Resource Types:

Estimated reduction in fuel costs.
Shungnak village of about 300 individuals, is only accessible by air or by barge in e  Diesel Generation (1.3 MW) SHmated reduction in fuet costs
the summer. Mostly everything such as fuel and food needed to sustain the village e  Solar Array (224 kW)
must be shipped in. This cost of transportation adds to the cost of living, especially e  BESS (235 kW/ 383 kWh)

when it comes to the electric bill. In 2019, a villager could expect to pay almost
$8.50 for a single gallon of gas. Temperatures in the area can drop to 40 below zero
within the Northwest Arctic Borough area.”

67.2021-07 Nature Conservancy - Alaska's Renewable Energy Economy

68 2016-00 University of Alaska - Microgrid Market Analysis - Alaskan Expertise, Global Demand

69 2019-03 Cordova Electric Cooperative - Cordova's Microgrid Integrates Battery Storage With Hydropower
70 2021-09 International Microgrid Association - Microgrids The Way Forward (p.34)

71 2015-00 Power - Oncor’s System Operating Services Facility, Lancaster, Texas

72.2015-08 Microgrid Knowledge - Look Inside the Oncor Microgrid

73 2015-00 Schneider Electric - Oncor Microgrid Case Study

74 2022-04 Microgrid Knowledge - Diesel off, but lights still on in remote Alaska thanks to a new microgrid
752017-10 GRID - Shungnak Energy Configuration Options

Assessment of relevance to APEC's
Clean Energy Goals

Cordova is transitioning to 100% renewables with its
use of hydro and a BESS. Initial costs and maintenance
are estimated to be higher than without the BESS,
however, this is not preventing the town from
continuing with the project.

Use of pre-existing systems with new and improved
coordination to provide energy security and stability to
the community. 73

The project has provided energy security and cost
reduction for a remote community. It has paved the
way for other rural Alaskan communities to look upon
when developing more within the area experiencing
similar conditions.
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System Specifications Key Learnings

Details of Islanded Grid Operating Context . . . - ) Assessment of relevance to APEC’s
ctalls ot istanded & (Customers served, load types, reason for being islanded, etc) (Gener:at/an types, capacity ratings, (Costrecovery, pricing, market mechanisms, Clean Energy Goals
integrated storage, etc) consumer protections, etc)
38: Hawaii Island
Location Hawaii, United States Background: Resource Types: The coordination between the state, utilities commission and the Aggressive policy setting and enactment has been a key
Operator Hawaii Electric Light Hawaii island, like other physical islands, has a heavy reliance on fossil fuels for e Wind (34.4MW) utility of Hawaii island has led to the uptake of the many renewable | factor for Hawaii’s high renewable penetration, with a
Company power, with extreme weather conditions and volatile loads throughout the year due «  Centralised solar (60MW) generation sources available on the island. This includes the target of 100% by 2045.

Nameplate 525.6MW to the large tourism industry seen on the island. This has led HELC to take up the . Distributed PV (116MW) recommissioning of the 38MW geothermal plant after its
Capacity aggressive goals set by the Hawaiian Government and Utility Commission. This . Hydro (19.3MW) decommission in 2018 due to volcanic activity.
Max/Min Demand includes several rooftop-solar programs to incentivise the uptake of rooftop solar on «  Biomass (21.5MW)
VRE Penetration | 60% the island. «  Geothermal (38MW)
Load Type/s Residential/Commercial o Fossil (177.5MW)

e BESS (152MWh)

39: Isla Huapi Electrification Project

Location Island Huapi, Chile Background: Resource Types: The project aimed to bring electrification to the community through | The aim of the project was to electrify the community
Huapi Local i PV systems. This brought about equitable access and security of sing renewable sources. The community required high

Operator ua;_)| _o?a Committee Approximately 300 people live on the island with 145 households. Since the 90’s, . 151 Individual household PV systems Y . s broug utequl urity u NG renew o - ! _|ty requin .|g

Nameplate 151 individual PV energy to the island. involvement throughout the entire project. Community

electrification of the island was of a high concern. Previous approaches/ proposals
provided either inconsistent power, or power in a non-renewable form (diesel
generators). The community wanted a clean energy solution, which began from a
single family researching and installing a PV system, which was later established by
the Ministry of Energy to electrify all households with similar solutions.”®

Capacity systems

Max/Min Demand

VRE Penetration

Load Type/s Residential/Commercial

engagement was conducted to inform the community of
the project’s details, as well as to assure and
communicate the reliability, safety and environmentally
friendly nature of the PV systems.

40: Samoa

Location Samoa Background: Resource Types: With a similar case to other physical islands where high fossil fuel Samoa has implemented a range of small renewable
Operator Electric Power Economic growth driven by exports of fresh fish, coconut oil, taro and nonu juice e  Wind (0.55MW) prices govern the prices of energy, energy security and affordability | projects that have helped guide it slowly towards a

Corporation with many of its residents working in tourism, agriculture, and fisheries, EPC e  Centralised Solar (15MW) have been a key priority for the island. Uptake of secure renewable ' more renewable and less cost future. This includes
Nameplate 78.5MW operates electricity for the four main islands of Samoa, each with their own grid e  Hydro (15.46MW) sources that can withstand the harsh weather conditions on the giving power to some of the smaller islands through
Capacity network. Majority of power is generated from diesel and hydro, with IPP owned e  Diesel (39.5MW) island have been a high priority for EPC. solar and battery storage projects.
Max/Min Demand 33MW solar farms adding to the total generation. e  BESS (8MW/13.6MWh)
VRE Penetration 38%
Load Type/s Residential/Commercial

76 2021-10 Danish Institute for Human Rights - Equitable Access to Energy and Indigenous Participation
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Appendix E — Glossary of Key Terms

Key Terms Definition

Behind the

Any technology located on the customer’s side of the customer-network meter.
Meter (BTM) Y 9y ustomers st ustomer rk meter
Black Start A capability that allows a generating unit, following its disconnection from the
Capability Power System, to be able to deliver electricity to either:

a) its connection point; or

b) a suitable point in the network from which supply can be made available
to other generating units without taking supply from any part of the
power system following disconnection.

Capacity Market = A market in which Energy Resources receive a payment for having capacity
available, even if it is not used. An additional payment (spot price) is also made
for actual amounts of electricity sold.

Demand-side The dynamic Orchestration of large volumes of Distributed Energy Resources
Flexibility (DER/CER) and Flexible Resources in @ manner capable of supporting
supply/Demand balance over timescales from days to milliseconds.

Flexibility in a high-VRE / high-DER Power System is closely related to the topic of
Operational Coordination.

Dispatch Instructions issued by the Market/System Operator (MSO), Distribution System
Operator (DSO) and/or Aggregator that either provide directives or targets for
participating Energy Resources and Active DER/CER to alter their operating
behaviour. This generally means ordering a (dispatchable) generation resource to
produce a set amount of output power for a set period of time. The setpoint
(power level) may be adjusted periodically either via a predetermined schedule or
as the result of shorter-term factors such as to maintain system frequency and/or
power balance. This can include setting ramp rates for ramp-capable resources
and storing (withdrawing grid power) for bulk energy storage devices. Dispatch
may adjust setpoints up or down in general. In addition to bulk generation, CER
and ESS devices may also be dispatched.

For resources that are not dispatchable (such as wind generation and solar PV)
devices may under some circumstances be curtailed. While curtailment is usually
considered as a separate topic, it fits into a larger view about dispatch for the
grid.

Which parties have the authority to Dispatch particular resources will largely
depend on the System Architecture decisions made in each jurisdiction.

Dispatch A dispatch schedule is a list of generator power generation settings as a function
Schedule of time, in order of execution. A generation dispatch schedule may be determined
day ahead or intra-day on an hourly basis, for example.

Distributed A diverse range of small to medium scale Energy Resources that are either
Energy connected directly to the Distribution System (known as DER) or located behind
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Resources
(DER/CER)

Distributed
Generation

Distributed
Photovoltaic
(DPV)

Energy Storage
(ES)

Fast Frequency
Response (FFR)

Flexibility

the meter at residential, commercial and industrial customer premises. In some
jurisdictions, the latter may be referred to as Customer Energy Resources or CER.

Active DER/CER are a multi-application resource capable of providing valuable
Electric Products to the Power System. It includes the following types of
technologies:

¢ Distributed Generation (DG): including Distributed Photovoltaics (DPV) and
Embedded Generators;

¢ Energy Storage Systems (ESS): including small and medium-scale batteries;
o Electric Vehicles (EV);
e Smart Inverters; and,

¢ Flexible Resources: including various loads that are responsive, such as air
conditioning, electric hot water storage, water pumping, industrial loads and
EV charging.

A generic term for all forms of electricity generation that are connected to the
distribution network. It includes both fossil-fuel and renewable forms of
generation.

Includes both residential and commercial solar panel installations, typically located
on consumers’ rooftops.

A means of storing electrical energy, either directly or indirectly and either at
centralised locations or widely distributed across a Power System. The numerous
types of Energy Storage can provide system services across different time
horizons. These include:

a) Shallow storage / Provision of Essential System Services (< 4-hours);
b) Medium storage / Intraday shifting (4 — 12-hours); and,
c) Deep storage / Renewable energy drought (> 12-hours).

Direct forms of Energy Storage such as chemical batteries and power capacitors
are those where energy enters the storage as electrical energy and is retrieved as
electrical energy.

Indirect forms of Energy Storage convert electric energy into thermal, rotational
or potential energy and may include pumped hydro (pumping of water to elevated
storage), the pre-heating or pre-chilling of bulk water or glycol and/or the pre-
cooling of a building envelope.

A very rapid response to re-balance megawatts on the Power System. May be
automatic in response to frequency, or a centrally controlled response (that is, a
control scheme to shed load).

The ability of the system to respond to expected and unexpected changes in the
supply-demand position (such as changes in Variable Renewable Energy (VRE)
generation output, generation failures, and variations in Demand) over all
necessary timeframes, is another critical dimension of dispatchability. The
flexibility of a resource is the extent to which its output can be adjusted or
committed in or out of service. This includes:
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Frequency

Front of the
Meter (FTM)

Grid Formation

Hosting

Capacity

Inertia

Interconnector

Intermittent

Inverter

Inverter-based
Resources (IBR)

Load

Microgrid

a) The speed of response to start up and shut down.
b) The rate of ramping.

c) Whether it can operate in the full range of capability, or has restrictions
(such as a minimum generation requirement, or a limitation on the
amount of bulk energy that can be produced).

For alternating current electricity, the number of cycles occurring in each second.
The term Hertz (Hz) corresponds to cycles per second.

Any infrastructure located on the distribution network side of the customer meter
(i.e. not behind a customer meter, or BTM). FTM infrastructure is still metered,
but it is not part of a customer site.

Grid formation refers to the ability of the Power System to set and maintain
Frequency. If frequency can be thought of as the heartbeat of the power system,
grid formation is like its pacemaker.

The amount of DER/CER that can be accommodated within a distribution network,
or a specific segment of the distribution network, without adversely affecting
security, reliability and/or power quality.

The ability of the Power System to resist changes in Frequency before cascading
instability causes widespread blackouts.

Inertia has traditionally been provided by Synchronous Generators, electric motors
and other devices that are synchronised to the Frequency of the system.

A transmission line or group of transmission lines that connects transmission
networks in adjacent regions. Can facilitate AC or DC power flow.

A description of a generating unit whose output is not readily predictable,
including, without limitation, solar generators, wave turbine generators, wind
turbine generators and hydro-generators without any material storage capability.

An electrical device which uses semiconductors to transfer power between a DC
source and an AC source or load.

IBR include wind farms, solar PV generators, and batteries that export power to
the grid. They do not have moving parts rotating in synchronism with the grid
frequency, but instead are interfaced to the Power System via power electronic
converters which electronically replicate grid frequency.

A connection point or defined set of connection points at which electrical power is
delivered to a person or to another network or the amount of electrical power
delivered at a defined instant at a connection point, or aggregated over a defined
set of connection points. The term also refers to devices at the end user’s location
drawing electrical energy from the network and converting it to some other useful
form.

A group of interconnected loads, generation sources and diverse Distributed
Energy Resources (DER/CER), within clearly defined electrical boundaries that is
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Orchestration

Power System

Primary
Frequency
Response

Protection
System

Ramp Rate

Reactive Power

Reliability

supported by its own internal management systems and presents to the wider
power system as a single controllable entity.

Microgrids function as a ‘microcosm’ of larger-scale Power Systems. They may
connect and disconnect from the Power System, operating in both grid-connected
or islanded mode. Alternatively, they may serve a geographically remote customer
base, be entirely autonomous and have no interconnection with a larger Power
System.

The coordination of dispatchable Energy Resources, including but not limited to
Distributed Energy Resources (DER/CER), in a manner that moderates negative
system impacts and may include facilitating the provision of Electric Products to
the bulk power and/or local distribution system under a commercial arrangement.

A highly complex cyber-physical, transactional and societal System that, in the
case of GW-scale Power Systems, exists to provide safe, reliable, and efficient
electricity services to millions of customers.

Primary frequency response (PFR) is the first stage of frequency control in a
Power System. It is the response of generating systems and loads to arrest and
correct locally detected changes in Frequency by providing a proportionate
change in their active power output or consumption. PFR is automatic; it is not
driven by a centralised system of control and begins immediately after a
frequency change beyond a specified level is detected.

A system, which includes equipment, used to protect a Registered Participant’s
facilities from damage due to an electrical or mechanical fault or due to certain
conditions of the Power System.

The rate of change of active power (expressed as MW/minute) required for
Dispatch.

The rate at which reactive energy is transferred. Reactive power is a necessary
component of alternating current electricity which is separate from active power
and is predominantly consumed in the creation of magnetic fields in motors and
transformers and produced by plant such as:

a) alternating current generators;

b) capacitors, including the capacitive effect of parallel transmission wires;
and synchronous condensers.

The ability of the Power System to supply adequate power to satisfy consumer
demand, allowing for credible generation and transmission network contingencies.

The probability that a system will perform its intended functions without failure,
within design parameters, under specific operating conditions, and for a specific
period of time. In the utility industry, reliability is often expressed as system
reliability indices, for example Customer Average Interruption Duration Index
(CAIDI)

134



Resilience Grid resilience is the ability to avoid or withstand grid stress events without
suffering operational compromise or to adapt to and compensate for the strain so
as to minimize functional or performance compromise via graceful degradation.

Resources Resource adequacy and capability relates to having a sufficient overall portfolio of

Adequacy energy resources to continuously achieve the real-time balancing of supply and
Demand. Achieving this balance is an intricate optimisation, operationally in real
time and over longer-term planning timescales, of available energy resources — a
diverse mix of centralised generation and DER, demand response, and network
capacity. It is the capability of the overall, aggregated portfolio of available energy
resources which is important in the realtime balancing of supply and demand.

Spinning An additional margin of generation capacity that is made available by increasing

Reserve the power output of generators which are already generating electricity into the
Power System.

Stability The ability of a Power System to maintain a state of equilibrium during normal

and abnormal conditions or disturbances.

Supervisory

Control and A system of remote control and telemetry used to monitor and control the
Data Acquisition = transmission system.

(SCADA)

System Security = The physical stability of the Power System resulting from key technical
parameters, such as Voltage and Frequency, being maintained within defined
limits. The maintenance of Frequency, for example, requires electricity supply to
be instantaneously balanced against customer Demand.

System Strength = The ability of the Power System to maintain and control the voltage waveform at
any given location in the power system, both during steady state operation and
following a disturbance. System strength can be related to the available fault
current at a specified location in the power system, with higher fault current
indicating higher system strength with greater ability to maintain the voltage
waveform.

System strength is an umbrella term that refers to a suite of interrelated factors
which together contribute to power system stability. It reflects the sensitivity of
power system variables to disturbance, and indicates inherent local system
robustness, with respect to properties other than inertia.

System strength affects the stability and dynamics of generating systems’ control
systems, and the ability of the power system to both remain stable under normal
conditions and return to steady-state conditions following a disturbance.

Value Stacking The process of providing Electric Products to several vertical Tiers/Layers of the
Power System (e.g. wholesale market, transmission, distribution system) for the
purpose of maximising participant remuneration.

Variable
Renewable
Energy (VRE)

A generic term for highly intermittent forms of generation powered by renewable
resources that are inherently variable, such as wind and solar energy.
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While some forms of Distributed Energy Resources (DER/CER) are considered
VRE, the term is most commonly used to describe large, utility-scale applications
of solar and wind generation.

In the absence of Firming Resources, large volumes of VRE can impact the
stability of the Power System and exacerbate periods of misalignment between
Demand and Supply.

Voltage Voltage control in the Power System acts to maintain voltages at different points
Management in the network within acceptable ranges during normal operation, and to enable
recovery to acceptable levels following a disturbance.

Voltage control is managed through balancing the production or absorption of
Reactive Power. Reactive power does not ‘travel’ far, meaning it is generally more
effective to address reactive power imbalances locally, close to where it is
required. Adequate reactive power reserves are maintained to ensure the security
of the transmission system in the event of a credible contingency.

Volt-VAR A response mode of an Inverter that smooths the network voltages by absorbing

Response Reactive Power when voltage levels rise. Alternatively, when network voltages fall
below 220V, the Volt-VAR mode causes the Inverter to generate Reactive Power
to support the network voltage.

Volt-Watt A response mode of an Inverter that reduces its power output when needed in
Response order to avoid exceeding the voltage limits. If this mode is not enabled the
Inverter may experience frequent nuisance tripping when the network is lightly
loaded.
References

[1] L. Guevara-Stone, “How one Alaskan island went 100% renewable,” GreenBiz, 2015.

[2] IRENA, “Renewable Power Generation Costs in 2021,” IRENA, 2021.

[3] Ampcontrol, “Engineer, Procure and Construct of 1.05MW Solar Farm - Onslow Stage Two,” Ampcontrol, 2019.

[4] NREL, “U.S. Solar Photovoltaic System and Energy Storage Cost Benchmarks, With Minimum Sustainable Price Analysis:
Q1 2022,” NREL, 2022.

[5] The Oxford Institute for Energy Studies, “How Project Finance Can Advance the Clean Energy Transition in Developing
[Economies],” The Oxford Institute for Energy Studies, 2022.

[6] Hydro Tasmania, “King Island Renewable Energy Integration Project (KIREIP),” Hydro Tasmania, 2014.

[7] J. Hamilton, M. Negnevitsky, X. Wan and S. Lyden, “High penetration renewable generation within Australian isolated
and remote power systems,” School of Engineering, Centre for Renewable Energy and Power Systems,, 2018.

[8] Hydro Tasmania, “King Island Renewable Energy Integration Project (KIREIP),” [Online]. Available:
https://www.hydro.com.au/clean-energy/hybrid-energy-solutions/success-stories/king-island. [Accessed 26 October
2022].

[9] M. Masarrat, M. Isalm, K. Muttaqi, D. Sutanto and A. Fekih, “Operation of Renewable Energy and Energy Storage-Based
Hybrid Remote Area Power Supply Systems: Challenges and State-of-the-Art,” Springer Nature, 2022.

[10] CNET, “Artificial Blowhole' Generates Wave Energy for 1 Year,” 18 September 2022. [Online]. Available:
https://www.youtube.com/watch?v=4ehT-ZTHFGg. [Accessed 26 October 2022].

[11] H. Lovell, “Nodes,” in Understanding Energy Innovation, 2022, pp. 37 - 52.

[12] Entura, “Flinders Island Hybrid Energy Hub,” Entura, 2018.

136


http://www.hydro.com.au/clean-energy/hybrid-energy-solutions/success-stories/king-island
http://www.youtube.com/watch?v=4ehT-ZTHFGg

[13] P. Asmus and M. Kelly, “"White Paper - Horizon Power: A Case Study on Integrating Customer DER - Moving the Needle
on Utility DERMS Innovation in Australia,” Guidehouse Insights, 2021.

[14] W. Hadingham, K. Rayne, A. Blaver, B. Smart and J. Thomas, "Distributed Energy Resources Roadmap,” IEEE Power &
Energy Magazine, 2021.

[15] switchDin, “Cracking the distributed energy management challenge for Australia’s largest regional utility,” switchDin,
2019.

[16] V.T.Y.S.G.D.S. G. M. J. Alvar da Rocha Albertini, “An Overview of Distributed Energy Resources Management
System Guidelines and Functional Coverage,” IEEE, 2022.

[17] Jacobs, “Lord Howe Island Hybrid Renewable Energy Project,” Jacobs, 2015.

[18] Lord Howe Island Board, “Lord Howe Island Renewable Energy Project System Design Report,” Lord Howe Island
Board, 2021.

[19] Kaua'i Island Utility Cooperative, “Strategic Plan Update 2016-2030,” Kaua'i Island Utility Cooperative, 2017.

[20] Kaua'i Island Utility Cooperative, KIUC Board of Directors to Update Strategic Plan, Kaua'i Island Utility Cooperative,
2022.

[21] State of Hawaii Public Utilities Commission, “Report to the 2019 Legislature on Hawaii's Energy Efficiency Portfolio
Standards,” State of Hawaii Public Utilities Commission, 2018.

[22] State of Hawaii, “"Hawai'i 2050 Sustainability Plan - Ten Year Measurement Update,” State of Hawaii, 2018.

[23] Kaua'i Island Utility Cooperative, “Kauai Island Utility Cooperative Renewable Portfolio Standards Status Report,” Kaua'i
Island Utility Cooperative, 2018.

[24] Kaua'i Island Utility Cooperative, “Generation Portfolio,” Kaua'i Island Utility Cooperative, 2022. [Online]. Available:
https://kiuc.coop/generation-portfolio. [Accessed 2022].

[25] Kaua'i Electric Utility Cooperative, "KIUC 2018 Annual Service reliability Report,” Kaua'i Electric Utility Cooperative,
2019.

[26] Kaua'i Island Utility Cooperative, “KIUC 2021 Annual Service Reliability Report,” Kaua'i Island Utility Cooperative, 2021.

[27] International Energy Agency, “Best practices for high penetration PV in insular power systems,” International Energy
Agency, 2021.

[28] H. Curtis, “Hawaii Public Utilities Commision Approves Solar & Battery Capacity Contract,” Zilani Media, 2022.

[29] N. Miller, “Unshackled: Hawai'is Innovative New Power Purchase Agreements for Hybrid Solar Photovoltaic and Energy
Storage Projects,” IEEE, 2022.

[30] Rocky Mountain Institute and Carbon War Room, “Renewable Microgrids: Profiles from Islands and Remote
Communities Across the Globe,” Rocky Mountain Institute, 2015.

[31] IRENA, “Case Studies: Battery Storage,” IRENA, 2015.

[32] A. Clamp, “Microgrids with Energy Storage: Benefits, Challenges of Two Microgrid Case Studies,” NRECA, 2020.

[33] Microgrid Knowledge, “Remote Microgrid Best Practices,” Microgrid Knowledge, 2021.

[34] Peninsula Clarion, “HEA answers questions on withdraw from RCA regulation,” Saturday May 2017. [Online]. Available:
https://www.peninsulaclarion.com/news/hea-answers-questions-on-withdraw-from-rca-regulation/. [Accessed 1 12
2022].

[35] C. Koplin and P. Asmus, “Lessons Learned from Cordova,” ACEP's blog: From the Grid, 2022.

[36] C. Koplin, “Cordova's Microgrid Integrates Battery Storage with Hydropower,” 2019.

[37] C. Koplin, “29th Annual PPA Conference and Trade Exhibition,” Brisbane, 2022.

[38] Cordova Electric Cooperative, “Operating in the Green - Clay Coplin CEO Cordova Electric Cooperative - CHARGE Energy
Branding 2018,” CHARGE Energy Branding Conference, 2019.

[39] Hawaii State Energy Office, “Hawaii Energy Facts & Figures,” Hawaii State Energy Office, 2019.

[40] Hawaii State Energy Office, “Clean Energy Innovaation Plan - Key FIndings, Strategies & Actions,” Hawaii State Energy
Office, 2018.

[41] Envrionmental Defense Fun, “"Now Hiring: The Growth of America's Clean Energy & Sustainability Jobs,” Environmental

Defense Fund, 2017.

[42] Hawai'i Groundwater & Geotheraml Resources Center, “Update on Puna Geothermal Vencture, Backin Operation,”
HGGRC, 2022.

137


http://www.peninsulaclarion.com/news/hea-answers-questions-on-withdraw-from-rca-regulation/

[43]
[44]

[45]

[46]
[47]

[48]
[49]
[50]
[51]
[52]
(53]

[54]
[55]
[56]
[57]
[58]
[59]

[60]

[61]

[62]

[63]
[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

C. LEe, "Why every state can learn from Hawai'i's solar journey,” PV Magazine US, 2022.

Hawaii State Energy Office, “State of Hawaii Guaranteed Energy Performance Contracting,” Hawaii State Energy Office,
2017.

Hawaiian Electric, “Community-Based Renewable Energy (CBRE) for Low-and Moderate-Income (LMI) RFPs,” Hawaiian
Electric, 2020.

Hawaiian Electric, “Other Resources and Emerging Technologies,” Hawaiian Electric, 2022.

Vuntut Gwitchin Government, “Sree Vyah (the Old Crow Solar Project) Advances the Transition to Clean Energy,”
Government of Vuntut Gwitching First Nation, 2021.

Arctic Council, “Powered by Nature: The Old Crow Solar Project,” 2020.

Government of Yukon, “Visit Old Crow,” Government of Canada, 2022.

Yukon University, “Northern Energy Innovation,” Yukon University, 2023.

Yukon Research Centre, “Grid Impact for Old Crow Solar Project,” Yukon College, 2018.

Yukon Government, “Yukon's Independent Power Production Policy,” Yukon Government, 2018.

The Danish Institute for Human Rights, “Case Study: Equitable Access to Energy and Indigenous Participation in Chile's
Energy Policy,” The Danish Institute for Human Rights, 2021.

Ven a Futrono, “Isla Huapi,” Ven a Futrono, 2023.

E. Rocha, “An Unprecendented energy solution for Isla Huapi has become a national example,” 2018.
SEIAPI, “Case Studies from Integrating Renewables into the Grid,” SEIAPI, 2020.

Government of Samoa, “Samoa Energy Review,” Government of Samoa, 2016.

EPC, “Annual Report July 2019 - June 2020,” EPC, 2020.

Wave Swell, “King Island Project,” Wave Swell, 2021. [Online]. Available: https://www.waveswell.com/king-island-
project-2/. [Accessed 2022].

Horizon Power, “Manuals, standards & metering,” Horizon Power, 2022. [Online]. Available:
https://www.horizonpower.com.au/contractors-installers/manuals-standards/. [Accessed 2022].

Quadrennial Energy Review - Energy Transmission, Storage, and Distribution Infrastructure, Available:
https://www.energy.gov/sites/prod/files/2016/12/f34/QER%201.1%20Implementation%20Re port%20Card.pdf: U.S.
Department of Energy, 2015.

R. K. Knake, “A cyberattack on the U.S. power grid,” Contingency Planning Memorandum No. 31, 2017.
C. S. Holling, “Resilience and stability of ecological systems,” Annual Review of Ecology and Systematics, vol. 4,, 1973.

NERC, Reliability Concepts, Available: https://www.pdhexpress.com/wp- content/themes/pdhexpress/pdf-
courses/electronic-power-reliability.pdf, 2007.

National Infrastructure Advisory Council (NIAC), “Critical infrastructure resilience — final report and recommendations,”,
Available: https://www.cisa.gov/sites/default/files/publications/niac-critical-infrastructure- resilience-final-rep, 2009.

The White House, “Presidential Policy Directive — Critical Infrastructure Security and Resilience,”, Available:
https://obamawhitehouse.archives.gov/the-press- office/2013/02/12/presidential-policy-directive-critical-infrastructure-
security-, 2013.

IEEE PES Industry Technical Support Task Force: ‘The definition and quantification of resilience’., Available:
https://grouper.ieee.org/groups/transformers/subcommittees/distr/C57.167/F18-
Definition&QuantificationOfResilience.pdf, 2018.

F. Hanif, V. Widiputra and J. Jung, “State-of-the-art review on power grid resilience to extreme weather events:
definitions, frameworks, quantitative assessment methodologies, and enhancement strategies,” Appl. Energy, 2019,
vol. 239, pp. 1049-1065.

M. Mancarella and P. Panteli, "Modeling and evaluating the resilience of critical electrical power infrastructure to
extreme weather events,” IEEE Systems Journal, vol. 11, no. 3, 2017.

A. Gholami, S. Member and T. Shekari, “Toward a consensus on the definition and taxonomy of power system
resilience,” IEEE Access, vol. 6, pp. 32035-32053, 2018.

G. Liu, M. Chinthavali, N. Stenvig, X. Li, T. Jiang, Y. Zhang and K. Tomsovic, “Resilient Microgrid Scheduling
Considering Multi-Level Load Priorities,” Proceedings of the 2020 IEEE PES General Meeting, Montreal. Canada,, 2020.

138


http://www.waveswell.com/king-island-
http://www.horizonpower.com.au/contractors-installers/manuals-standards/
http://www.energy.gov/sites/prod/files/2016/12/f34/QER%201.1%20Implementation%20Re
http://www.pdhexpress.com/wp-
http://www.cisa.gov/sites/default/files/publications/niac-critical-infrastructure-

[72]

[73]
[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

G. Liu, T. Jiang, T. Ollis, X. Li, F. Li and K. Tomsovic, “Resilient Distribution System Leveraging Distributed Generation
and Microgrids: A Review,” IET Energy System Integration, vol. 2, no. 4, pp. 289-304., 2020.

P. Baran, “On distributed communications networks,” IEEE Trans. Comm. Systems, vol. 12, no. 1, pp. 1-9, 1964.

US Department of Energy (DOE), Energy Sector Control Systems Working Group, “Roadmap to Achieve Energy Delivery
Systems Cybersecurity,”, Available:
https://www.energy.gov/sites/prod/files/Energy%20Delivery%20Systems%20Cybersecurity%20Roadmap_finalweb.pdf,
2011.

US Department of Energy (DOE), Office of Cybersecurity, Energy Security, and Emergency Response, “"Game-changing
RD&D to develop resilient energy delivery systems,”, Available: https://www.energy.gov/ceser/activities/cybersecurity-
critical-energy- infrastructure/cybersecurity-research-development-and.

United States Government Accountability Office, Report to Congressional Requesters, “Electricity Grid Cybersecurity”,
Available: https://www.gao.gov/assets/gao-21- 81.pdf, 2021.

R. Black, K. Cullen, B. Fay, T. Hale, J. Lang, S. Mahmood and S. M. Smith, “Taking Stock: A global assessment of net
zero targets, Energy & Climate Intelligence Unit and Oxford Net Zero”, Available: https://cal-
eci.edcdn.com/reports/ECIU-Oxford_Taking_Stock.pdf, 2021.

“Fact sheet: President Biden sets 2030 greenhouse gas pollution reduction target aimed at creating good-paying union
jobs and securing U.S. leadership on clean energy technologies,” White House, 2021.

F. Guerra, J. Omar, B. Sergi, M. Craig, P. Michael, A. Kwabena, C. Brancucci, B. Hodge and R. Sopgwi, “Electric Power
Grid and Natural Gas Network Operations and Coordination,”, United States: Available:
https://www.osti.gov/servlets/purl/1665862., 2021.

H. Fan, Q. Yuan, S. Xia, J. Lu and Z. Li, “Optimally Coordinated Expansion Planning of Coupled Electricity, Heat and
Natural Gas Infrastructure for Multi-Energy System,” IEEE Access, vol. 8, pp. 91139-91149, 2020.

Y. Lin and Z. Bie, “Study on the resilience of the integrated energy system,” Energy Procedia, vol. 103, no. 1, 171-176,
2016.

M. Yan, Y. He, M. Shahidehpour, X. Ai, Z. Li and J. Wen, “Coordinated regional-district operation of integrated energy
systems for resilience enhancement in natural disasters” IEEE Transactions on Smart Grid, vol. 10, no. 5, 4881-4892,
2018.

J. D. Taft and A. S. Becker-Dippmann, “The Emerging Interdependence of the Electric Power Grid & Information and
Communication Technology,”, United States: Available: https://www.osti.gov/servlets/purl/1221500, 2015.

“A National Roadmap for Grid-Interactive Efficient Buildings” U.S. DOE Building Technologies Office, Available:
https://gebroadmap.lbl.gov/A%?20National%20Roadmap%20for%20GEBs%20-%20Final.pdf, 2021.

NIST Framework and Roadmap for Smart Grid Interoperability Standards, Release 3.0, Available:
https://nvipubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1108r3.pdf, 2014.

E. K. Lee, R. Gadh and M. Gerla, “Energy Service Interface: Accessing to Customer Energy Resources for Smart Grid
Interoperation,” IEEE Journal on Selected Areas in Communications, vol. 31, no. 7, pp. 1195-1204, 2013.

D. Gohlke and Y. Zhou, “Assessment of Light-Duty Plug-In Electric Vehicles in the United States, 2010-2018,”, United
States: Available: https://www.osti.gov/servlets/purl/1506474, 2019.

A. Cooper and K. Schefter, “Electric Vehicle Sales Forecast and the charging infrastructure required through 2030”,
Available: https://www.edisonfoundation.net/-/media/Files/IEI/publications/IEI_EEI-EV-Forecast-Report_Nov2018.ashx,
2018.

G. Liu, M. S. Chinthavali, S. Debnath and K. Tomsovic, “Optimal Sizing of an Electric Vehicle Charging Station with
Integration of PV and Energy Storage,” 2021 IEEE Power & Energy Society Innovative Smart Grid Technologies
Conference (ISGT), pp. 1-5, 2021.

1. Maze-Rothstein, "U.S. Microgrid Developer Landscape 2019: Market Shares and Competitive Strategies.", Available:
https://www.woodmac.com/our- expertise/focus/Power--Renewables/us-microgrid-developer-landscape-
2019/?utm_source=gtm&utm_medium=article&utm_campaign=wmpr_microgriddev19, 2020.

M. O'Malley, “Enabling Power System Transformation Globally: A System Operator Research Agenda for Bulk Power
System Issues,” IEEE Power and Energy Magazine, vol. 19, no. 6, pp. 45-55, 2021.

U.S. Energy Information Administration, Annual Electric Generator Report and Preliminary Monthly Electric Generator
Inventory, Available: https://www.eia.gov/todayinenergy/detail.php?id=44636, 2020.

U.S. Energy Information Administration (EIA) Form EIA-860., Available: https://www.eia.gov/electricity/data/eia860/,
2021.

139


http://www.energy.gov/sites/prod/files/Energy%20Delivery%20Systems%20Cybersecurity%20Roadmap_finalweb.pdf
http://www.energy.gov/ceser/activities/cybersecurity-
http://www.gao.gov/assets/gao-21-
http://www.osti.gov/servlets/purl/1665862
http://www.osti.gov/servlets/purl/1221500
http://www.osti.gov/servlets/purl/1506474
http://www.edisonfoundation.net/-/media/Files/IEI/publications/IEI_EEI-EV-Forecast-Report_Nov2018.ashx
http://www.woodmac.com/our-
http://www.eia.gov/todayinenergy/detail.php?id=44636
http://www.eia.gov/electricity/data/eia860/

[94]
[95]

[96]
[97]

[98]

[99]
[100]

[101]

[102]
[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]
[114]

[115]

[116]

[117]

[118]

U.S. EIA (2021) Electric Power Monthly, Available: https://www.eia.gov/electricity/, 2021.

U.S. DOE (2021) “Global Energy Storage Database Projects.”, Available: https://www.sandia.gov/ess-ssl/global-energy-
storage-database/, 2021.

Y. Xue, “Towards next generation photovoltaic inverters,” Proc. of IEEE ECCE, Phoenix, AZ,, pp. 2467-2474., 2011.

Y. Xue, “On a Future for Smart Inverters with Integrated System Functions,” Proc. IEEE PEDG, Charlotte, NC, USA, pp.
1-7., 2018.

J. Matevosyan, “A Future with Inverter-Based Resources: Finding Strength From Traditional Weakness,” IEEE Power
and Energy Magazine, vol. 19, no. 6, pp. 18-28, 2021.

W. Mackenzie, United States distributed energy resources outlook: DER installations and forecasts 2016- 2025E, 2020.

“IEEE Standard Conformance Test Procedures for Equipment Interconnecting Distributed Energy Resources with
Electric Power Systems and Associated Interfaces,” in IEEE Std 1547.1-2020, pp.1-282, 2020.

FERC, 2020Assessment of Demand Response and Advanced Metering, Available:
https://cms.ferc.gov/sites/default/files/2020-
12/2020%20Assessment%200f%20Demand%20Response%20and%20Advanced%?20Meteri
ng_December%202020.pdf, 2020.

Smart Electric Power Alliance (SEPA), Preparing for an Electric Vehicle Future: How Utilities Can Succeed, 2019.

O. Ceylan, G. Liu and K. Tomsovic, "Coordinated Distribution Network Control of Tap Changer Transformers, Capacitors
and PV Inverters," Electrical Engineering, vol. 100, no. 2, pp. 1133-1146., 2018.

G. Liu and K. Tomsovic, “A Full Demand Response Model in Co-Optimized Energy and Reserve Market,” Electric Power
Systems Research, vol. 111, pp. 62-70., 2014.

G. Liu, Y. Xue, M. S. Chinthavali and K. Tomsovic, “Optimal Sizing of PV and Energy Storage in an Electric Vehicle
Extreme Fast Charging Station,” 2020 IEEE PES Innovative Smart Grid Technologies Conference (ISGT), pp. 1-5,
Washington, DC, USA, 2020.

G. Liy, T. Jiang, T. Ollis, X. Zhang and K. Tomsovic, “Distributed energy management for community microgrids
considering network operational constraints and building thermal dynamics,” Applied Energy, vol. 239, pp. 83-95.,
2019.

G. Liu, R. S. Moorthy, M. S. Chinthavali and K. Tomsovic, “Coordinated Optimization and Control of Residential Solid
State Power Substations in Electrical Distribution Network,”, IEEE Power & Energy Society Innovative Smart Grid
Technologies, 2021.

G. Liu, R. S. Moorthy and M. S. Chinthavali, “Linearized three-phase optimal power flow for coordinated optimisation of
residential solid-state power substations,” IET Energy System Integration, vol.3, no. 3, pp. 344-354, 2021.

“IEEE Standard Profile for Use of IEEE 1588 Precision Time Protocol in Power System Applications,” IEEE Std C37.238-
2017 (Revision of IEEE Std C37.238-2011), pp.1-42, 2017.

J. Duan, “Deep-Reinforcement-Learning-Based Autonomous Voltage Control for Power Grid Operations,” IEEE
Transactions on Power Systems, vol. 35, no. 1, pp. 814-817, 2020.

G. Liu and K. Tomsovic, “Quantifying Spinning Reserve in Systems with Significant Wind Power Penetration,” IEEE
Transactions on Power Systems, Vol. 27, No. 4, pp. 2385 - 2393., 2012.

G. Liu and K. Tomsovic, “Robust Unit Commitment Considering Uncertain Demand Response,” Electric Power Systems
Research, vol. 119, pp. 126-137., 2015.

Western Energy Imbalance Market, Available: https://www.westerneim.com/Pages/About/default.aspx.

M. Z. Liu, “Grid and Market Services From the Edge: Using Operating Envelopes to Unlock Network-Aware Bottom-Up
Flexibility,” IEEE Power and Energy Magazine, vol. 19, no. 4, pp. 52-62, 2021.

M. Hogan, “Follow the missing money: Ensuring reliability at least cost to consumers in the transition to a low-carbon
power system,” The Electricity Journal, vol. 30, no. 1, pp. 55-61., 2017.

Value Stacking, Available: https://microgridknowledge.com/value-stack-crediting- distributed-energy/.

E. O'Shaughnessy, J. Heeter, J. Gattaciecca, J. Sauer, K. Trumbull and E. Chen, “Community Choice Aggregation:
Challenges, Opportunities, and Impacts on Renewable Energy Markets,” Golden, CO, National Renewable Energy
Laboratory. NREL/TP-6A20- 72195, Available: https://www.nrel.gov/docs/fy190sti/72195.pdf, 2019.

Executive Order of the President, “Council of economic advisers, economic benefits of increasing electric grid resilience
to weather outages,” The Council, Available:
https://www.energy.gov/sites/prod/files/2013/08/f2/Grid%20Resiliency%20Report_FINAL.pdf, 20013.

140


http://www.eia.gov/electricity/
http://www.sandia.gov/ess-ssl/global-energy-
http://www.westerneim.com/Pages/About/default.aspx
http://www.nrel.gov/docs/fy19osti/72195.pdf
http://www.energy.gov/sites/prod/files/2013/08/f2/Grid%20Resiliency%20Report_FINAL.pdf

[119]

[120]

[121]

[122]
[123]
[124]

[125]

[126]
[127]
[128]

[129]
[130]
[131]
[132]
[133]

[134]
[135]
[136]
[137]

[138]
[139]
[140]
[141]

[142]
[143]
[144]

[145]
[146]
[147]
[148]
[149]
[150]
[151]
[152]

A. Kenward and U. Raja, "Blackout: extreme weather, climate change and power outages,Princeton, NJ, Available:
https://assets.climatecentral.org/pdfs/PowerOutages.pdf, 2014.

C. Clack, A. Choukulkar, B. Cote and S. McKee, “Transmission insights from ‘ZeroByFifty’,” presented at the Energy
Systems Integration Group Transmission Workshop, Available: https://www.vibrantcleanenergy.com/wp-
content/uploads/2020/11/ESIG_VCE_11112020.pdf, 2020.

P. Brown and A. Botterud, “The value of inter-regional coordination and transmission in decarbonizing the US electricity
system,” Joule, vol. 5, no. 1, pp. 115 —134, 2020.

J. D. Taft and A. Becker-Dippmann, “Grid Architecture 1,” Technical Report, PNNL-24044, 2015.
J. Taft, “Grid Architecture 2,” Technical Report, PNNL-24044-2, 2016.

A. Satchwell and P. Cappers, Evolving Grid Services, Products, and Market Opportunitiesfor Regulated Electric Utilities,
US: Berkeley Lab, 2018.

P. B. Jones, J. Levy, J. Bosco, J. Howat and J. W. Van Alst, The Future Of Transportation Electrification:Utility, Industry
And Consumer Perspectives, US: Berkeley Lab, 2018.

I. Oleinikova and E. Hillberg, micro vs MEGA: trends influencing the development of the power system, ISGAN, 2020.
ARENA, State Of Distributed Energy Resources Technology Integration Report, Australia, 2021.

Committee on the Future of Electric Power in the U.S.; Board on Energy andEnvironmental Systems; Division on
Engineering and Physical Sciences; NationalAcademies of Sciences, Engineering, and Medicine, The Future of Electric
Power in the United States, US: The National Academies Press, 2021.

ofgem, Transitioning to a net zero energy system - Smart Systems and Flexibility Plan, 2021.
DISER, Low Emissions Technology Statement, Australia, 2021.

EirGrid, Shaping Our Electricity Future - A roadmap to achieve our renewable ambition, 2021.
E.DSO Stakeholder Innovation Council, TheThinVeilofRenewal:BuildingtheNextGenerationGrid, 2021.

R. M. Passey, M. Roberts, S. Adams, E. Caton, R. Ben-David, L. Whittaker, R. Russell-Bennett, R. McAndrew, M. Pellow
and O. Siddiqui, Rewarding flexible demand: Customer friendly cost reflective tariffs and incentives, 2021.

T. Chapelle, Opportunities and risks for Smart Local Energy Systems, 2022.
Energy Networks Australia, Network Innovation Report, 2022.
EPRI, Preparing for the 2030 Energy System, 2022.

Y. Xue, G. Liu, J. Taft and M. Shankar, Emerging Trends and Systemic Issues Influencing Today’s U.S. Electric Grid, US:
GMLC, 2022.

Energy Networks Australia, Energy Vision - Networks delivering net zero, 2022.
R. Poudineh, Energy Networks in the Energy Transition Era, OIES, 2022.
R. Poudineh, Energy Networks in the Energy Transition Era, The Oxford Institute for Energy Studies, 2020.

IRENA, “Transforming Small-Island Power Systems - Techincal Planning Studies for the Integration of Variable
Renewables,” IRENA, 2018.

APEC, “Training Curriculum for Solar PV Installers and System Designers,” APEC, 2015.
PPA, “Off Grid PV Power Systems - System Design Guidelines,” PPA, 2019.

IEA PVPS, “Guidelines for Operation and Maintenance of Photovolatic Power Plants in Different Climates,” IEA PVPS,
2022.

IEA PVPS, "PV-Hybrid System Data Visualisation Recommendations,” IEA PVPS, 2022.

World Bank, “Grid Integration Requirements for Variable Renewable Energy,” World Bank, 2019.

PPA, “Hybrid Power Systems (PV and Fuelled Generator) System Design and Installation Guidelines,” PPA, 2019.
IEA, “Best Practice for High Penetration PV in Insular Power Systems,” IEA, 2021.

IEA, “Blueprint on how to conduct feasibility studies on off-grid and edge-of-grid power systems,” IEA, 2022.
Sandia, “Microgrid Conceptual Design Guidebook 2022,” Sandia, 2022.

NREL, “Understanding Power Systems Protection in the Clean Energy Future,” NREL, 2022.

PPA, “Grid Connected PV Systems with Battery Energy Storage Systems Design Guidelines,” PPA, 2020.

141


http://www.vibrantcleanenergy.com/wp-

[153]

[154]

[155]
[156]

[157]

[158]
[159]
[160]
[161]
[162]
[163]
[164]
[165]

[166]
[167]

[168]
[169]
[170]
[171]

[172]
[173]
[174]
[175]
[176]

[177]
[178]
[179]

[180]
[181]
[182]
[183]
[184]
[185]

ADB, “Hybrid and Battery Energy Storage Systems - Review and Recommendations for Pacific Island Projects,” ADB,
2022.

S. Sumanik, J. Zrum and M. Ross, “The Point at Which Energy Storage is Required for Integrating Renewables in
Remote Power Systems,” IEEE, 2019.

UArctic, “Old Crow Solar Project: Integrating renewable energy sources in Canada's North,” UArctic, 31 July 2020.

A. Erar-Aimeida and M. Egido-Aguilera, “Hybrid renewable mini-grids on non-interconnected small islands: Review of
case studies,” Universidad Politécnica de Madrid, 2017.

A. Bledsoe, “Porject Onwership Models for Remote Renewable Energy Development in Partnership with Indigenous
Communities,” UBC Sustainability Scholars, 2021.

Government of Canada, “Clean energy in Indigenous, rural and remote communities,” Government of Canada, 2022.
Cordova Electric Cooperative, “The Growth of Hydropower in Alaska,” Cordova Electric Cooperative, 2018.

M. Bloch, “Boosted Solar Hositng Capacity for Regional WA With DERMS,"” Solarquotes Blog, 2022.

Tollhouse Energy Company, “Current & Past Project - Power Creek Hydroelectric,” Tollhouse Energy Company, 2022.
R. Andrews, “A first look at the King Island, Tasmania, Renewable Energy Integration Project,” Euan Mearns, 2018.

J. Spector, “Remote Alaskan Microgrid Will Use Battery Storage for Seasonal Salmon Surges,” Green Tech Media, 2019.
ABC, “The World Today: Wind farm on King Island, Tasmania?,” ABC, 2022.

University of Tasmania, “The Role of Low-Load Diesel in Improved Renewable Hosting Capacity within Isolated Power
Systems,” energies, 2020.

D. Carroll, “Landmark moment as Pilbara town powered 100% by solar PV and battery,” PV Magazine, 2021.

Horizon Power, “Onslow Distributed Energy Resources Managament System,” Horizon Power, 11 2019. [Online].
Available: https://www.horizonpower.com.au/your-community/getting-future-ready/onslow-distributed-energy-
resources-management-system-derms/. [Accessed 9 2022].

Distributed Energy Buyback Scheme. [Film]. Australia: Horizon Power, 2021.
N. Filatoff, “Solar microgrid adds green cred to Lord Howe's already lush paradise,” PV Magazine, 2021.
Lord Howe Island Board, “Electricity,” Lord Howe Island Board, 2023.

B. Lyte, “Kauai Quit Using Oil To Produce Most Of Its Electricity Years Ago. That's Paying Off Now,” Civil Beat, 15 March
2022. [Online]. Available: https://www.civilbeat.org/2022/03/kauai-quit-using-oil-to-produce-most-of-its-electricity-
years-ago-thats-paying-off-now/. [Accessed 2022].

KIUC, “Renewable Portfolio,” KIUC, 2023.

designboom, “tesla opens world's biggest solar storage facility on hawaiian island,” designboom, 2017.
Energiewende Team, “An Alaskan island goes 100% renewabl,” Energy Transition, 2015.

Northwest Travel & Life, “Off the Tourist Trail: Cordova, Alaska,” Northest Travel & Life, 2018.

T. Sylvia, "1 MW battery system meets the challenge of supplying power to a remote Alaskan community,” Pv Magazine
Us, 2020.

Wikipedia, “Cordova, Alaska,” Wikipedia, 2023.
Hawi Energy, “Hawi Wind Farm,” Hawi Energy, 2021.

Hawaiian Electric, “Puna Geothermal Venture back online after 2V years, sends power to Hawaii Island grid,” Hawaiian
Electric, 2020.

J. Gignac, “Vuntut Gwitchin First Nation's solar farm now generating electricity,” CBC, 2021.

Ultimate Thule, “Old Crow, an Arctic native village in Northern Yukon, Canada,” Ultimate Thule, 2017.

CBC , “Quebec couple fleeing COVID-19 'endangered' Yukon First Nation, chief says,” CBC, 2020.

E. Rocha, “An unprecedented energy solution for Isla Huapi has become a national example,” Diario Futrono, 2018.
Peak Visor, “Samoa,” Peak Visor, 2022.

IRENA, “Geothermal Energy in Samoa,” IRENA, 2015.

142


http://www.horizonpower.com.au/your-community/getting-future-ready/onslow-distributed-energy-
http://www.civilbeat.org/2022/03/kauai-quit-using-oil-to-produce-most-of-its-electricity-

	Blank Page

