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Dec 1, 2022
by Darrell Proctor

Hybrid Power

Hybrids Combine Technologies to
Enhance Electricity Production

Solar + wind, solar + storage, wind + storage—even fossil fuels combined with renewable
energy—are supporting the growth of hybrid power plants that are breaking the norms of
traditional power generation.

Much of the discussion about the ongoing energy transition focuses on hybrid power plants,
those generation facilities combining a variety of technologies to produce power beyond
traditional electricity resources. Hybrids can include microgrids, along with utility-scale solar and
wind projects co-located with energy storage. Advocates for renewable energy see hybrids as a
way to integrate more of their energy along the power grid. Hybrid installations also can include
the use of fuels such as natural gas and diesel.

The recently passed Inflation Reduction Act (IRA) is expected to support development of hybrid
projects, and already has spawned some U.S. installations. A project in Oregon that recently
came online is one example; it’s a utility-scale plant that combines wind and solar generation
with energy storage, according to joint developers Portland General Electric (PGE) and NextEra
Energy Resources. Companies also are looking at designing hybrids using hydrogen,
geothermal, and pumped hydro storage.

Research groups that track these plants and compile deployment data, such as the Lawrence
Berkeley National Laboratory, note that hybrids involve two or more generation sources, but
there is no “one size fits all,” as the size and scope of hybrids can vary widely.

“For renewable energy projects, hybrid projects are typically thought of as power plants
combining at least two forms of technology: solar + battery energy storage system (BESS), wind
+ BESS, solar + wind + BESS,” said Kevin Kohlstedt, business development director for Energy
Shares, a California-based crowdfunding platform for utility-scale renewable energy projects.
Kohlstedt told POWER that “some of the benefits of hybrid power plants are enhanced
dispatchability, greater resource availability, and more efficient use of utility interconnection
upgrades at one plant location. In a simple example, solar power plants only produce electricity
during daytime hours. A hybrid solar + wind + BESS project may be able to produce electricity
24 hours a day, depending on the available wind and solar resources, and the size of the
BESS.”

Hybrid power plants can provide many important ancillary services, including “frequency
regulation, reactive power and voltage control, and operating and spinning reserves, among
others,” said Kohlstedt.
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Hundreds of Hybrids
The Berkeley lab earlier this year released its annual update of operating hybrid plants. Its data
showed that at the end of 2021, there were nearly 300 hybrids—those with greater than 1 MW
of capacity—operating across the U.S, totaling nearly 36 GW of generating capacity and 3.2
GW/8.1 GWh of energy storage. Solar-plus-storage facilities (Figure 1) are the most common;
the largest such plants are in California, Texas, and Florida.

1. Avantus, formerly 8minute Solar Energy, developed the Eland Solar & Storage Center in the
Mojave Desert in California. The hybrid plant, expected to enter full commercial operation in
2023, features 400 MW of solar power generation capacity, along with a 300-MW/1,200-MWh
battery energy storage system (BESS)—shown here with the company’s former logo in an
artist’s rendering. Courtesy: Avantus/8minute Solar Energy

The report said much of the new energy storage capacity in the past year was adding batteries
to an existing solar array. The Berkeley researchers identified nearly 20 other hybrid plant
configurations, including several incorporating fossil fuels, with those installations “dominated by
the fossil component,” according to the report.

Ron Hopgood, division manager for Rosendin’s Renewable Energy Group, told POWER:
“Outside of the completely new installations where both PV [photovoltaic solar] and BESS are
built together, we are seeing a lot of applications where we are being asked to go back and
integrate a battery storage system to an existing PV facility.”

David Lincoln, senior vice president of the Rosendin group, said the company has “a number of
AC- and DC-connected PV + storage projects in various stages of development and
construction.” A few examples are the Scarlet I PV + BESS AC-connected project in Fresno
County, California, that combines 284 MWdc of PV with 160 MWh of BESS, and the Sonrisa PV
+ BESS DC-connected project also in Fresno County.

Lincoln said, “First and foremost, hybridization of renewable energy [RE] projects addresses the
biggest issue for wind and solar projects, which is power production variability. Integrating BESS
solutions on existing PV/wind plants provides for time-shifting of power availability to periods
where demand is higher and RE power production is low or non-existent. While providing power
outside of typical RE production periods is critical, it also provides developers with significant
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commercial benefits by allowing developers to better forecast power availability and more
flexibly engage in electricity markets.”

Josh Coon, senior manager for Development and Construction for Arevon, said the most
common configuration designed by his company is a “PV solar array that is AC-coupled at the
project substation with a lithium-ion battery energy storage system.” Coon said an example of
that type of hybrid is the Townsite Solar + Storage facility in Boulder City, Nevada, near Las
Vegas. The 232-MWdc solar array with a 90-MW/360-MWh energy storage system, a joint effort
of Arevon and Rosendin, “provides renewable and reliable energy to local municipalities in
Nevada and California,” said Coon. He noted that other Arevon hybrid facilities “couple the
BESS within the array on the DC circuit just before the inverters, or combine solar and energy
storage systems with wind farms at locations that have both a strong solar and wind resource.”

Said Coon: “In the case of Townsite, the inclusion of an energy storage system enables Arevon
to shift the energy generated by up to four hours to supply electricity to the grid during hours of
peak demand in the afternoon and early evening, helping to improve grid reliability.”

“One of the challenges with renewable energy is the intermittency of the resource,” said Daniel
Casement, director of Power Markets for Arevon. “By combining the wind or solar with BESS in
a hybrid configuration the battery can firm up the renewable energy so it can produce flat,
predictable blocks of energy for each hour. Depending on the size of the BESS it can also shift
the renewable energy to times of the day when loads are highest and provide dependable, clean
energy when the grid needs it the most.”

Chase Warr, Arevon’s director of operations, told POWER there are “No concerns with power
quality from a hybrid plant that I am aware of. In fact, when a BESS is added to a plant, the
ability to control both frequency and voltage is greatly enhanced given the speed at which the
BESS can respond to dispatch signals [such as a 999+ MW/min ramp rate for BESS versus
roughly 20 MW/min ramp rate for a 100-MW PV-only plant]. Therefore, a hybrid plant can offer
ancillary services.” Warr added that “O&M can be optimized by utilizing existing site personnel to
perform maintenance on all aspects of the hybrid plant.” Said Warr, “The industry is working
toward BESS OEMs [original equipment manufacturers] getting more comfortable with allowing
third parties to perform preventative and corrective maintenance on their equipment, which will
result in additional optimization and reduction in overall costs.”

Legislation Brings Change
Tim Allen, COO of PXiSE Energy Solutions, now part of Yokogawa, said the IRA will bring
change for operators of hybrid plants. “Our work has primarily addressed hybrid power plants
that include solar PV and battery energy storage systems or wind and battery energy storage
systems. To operate in a wholesale market, these power plants are assigned a resource ID,
which is how the market operator identifies and communicates with the power plant,” Allen told
POWER.

“Among these kinds of plants, we see two types of configurations: those with single-resource
IDs and those with multiple-resource IDs. A single-resource ID configuration aggregates all the
generation assets under a single ID, whereas, in the case of multiple IDs, a separate ID is
assigned for each asset within a single power plant. A plant with multiple-resource IDs has more
flexibility in how revenue is earned as the plant owner can operate the solar PV and battery as
separate power plants, which allows for maximum revenue optimization opportunities,” he said.

Allen continued: “In the past, the way the tax laws worked, power plant operators could only
qualify for the Investment Tax Credit [ITC] on a battery installation if it was bundled with solar
PV.” Allen said that situation drove operators to obtain a single-resource ID for their solar +
storage configurations. The IRA changed that and now batteries qualify on their own for the ITC,
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which means there are additional tax benefits for qualifying the battery under the ITC, which was
previously only for solar.

Allen said technology advancements are helping even those hybrid systems using fossil fuels.
“In instances where fossil-fuel generators are combined with solar PV and battery energy
storage, grid management software can be used at the plant to autonomously improve the
efficiency of the generators on the system,” he said. “Responding to live conditions on the grid,
grid management software makes micro adjustments enabled by rapid battery dispatch which
would otherwise be impossible due to the latency associated with fossil-fuel generators.
Generators have long and energy-intensive ramp up/down times which waste fuel/energy. Like
flooring the gas pedal in your car, if a fossil-fuel generator is forced to ramp up rapidly, it wastes
fuel/energy in that process. Batteries can dispatch power instantly on demand, filling any gaps
while fossil-fuel generators slowly get up to speed.”

Marine, Hydro, and Housing
New technologies for hybrids are being explored worldwide. Officials in Singapore recently
announced they would study the feasibility of a hybrid wind, solar, tidal, and wave energy
system. Keppel Infrastructure, a Singapore-based energy company, along with the National
University of Singapore and Nanyang Technological University, are collaborating to research a
system that would include modular floating solar platforms, along with wind turbines, ocean
wave energy conversion technology, and tidal energy turbines and paddles. The groups said if
the concept is proven, they would deploy a pilot project of at least 100 MW off Singapore, with
the ability to be scaled up, and possibly implemented elsewhere.

Claudia D’Ambrosio, director of research at France’s CNRS (National Center of Scientific
Research) and lecturer at the École Polytechnique of Paris, told POWER, “Hybrid power plants
are crucial in optimizing the integration of renewable energy in power systems. This is mainly
due to the fact that renewable energy production is highly intermittent and uncertain. Thus, to
guarantee the stability of the system and, in particular, that the demand and the production
match, it is important to add some flexibility to the system.”

D’Ambrosio pointed to pumped hydro storage as a way to achieve flexibility. “Hydro plants allow
storing of potential energy as water in uphill reservoirs. Thus, when the production exceeds the
demand, it is possible to stabilize the system by consuming it to pump water from downhill to
uphill reservoirs,” she said. “On the contrary, when the demand exceeds the production, it is
possible to increase the production by releasing the water in uphill reservoirs and starting
turbines. The flexibility provided by hydro plants can compensate the uncertain nature of
renewable energy production.”
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2. Magens Junction, a housing development in the U.S. Virgin Islands, is supported by its own
microgrid system that includes a BESS, solar power, and microturbines that run on propane.
Courtesy: Capstone Green Energy

A housing development in the U.S. Virgin Islands is “an exceptional example of hybrid power
plant configuration” said Darren Jamison, CEO of Capstone Green Energy. The former
Capstone Turbine Corp. is a longtime manufacturer of gas-fired turbines, focused on
microturbine power, and heating and cooling cogeneration systems. “The benefits of hybrid
power plants are numerous because they have all of the advantages of the individual
technologies,” said Jamison, pointing to the Magens Junction complex (Figure 2) built on St.
Thomas.

“The system at Magens Junction has lower emissions, a lower cost of energy, and improved
resiliency by drawing on multiple power generation technologies,” he said. “If one of the
components is unavailable for any reason, the other technologies fill the gap, serving as a built-
in backup. In addition, the Capstone microturbines also offer black-start capabilities in this
particular system.”

Magens Junction is a 108-unit affordable housing development with its own microgrid system,
which includes an 820-kWh BESS, 150 kW of solar, and 455 kW of Capstone microturbines that
run on propane. Jamison said the microgrid “not only provides 100% of the complex’s electrical
power requirements, but it does it with the least amount of propane needed. In this system, the
electricity generated by the microturbines also charges the BESS.”

The aforementioned project in Oregon—the Wheatridge Renewable Energy Facilities—includes
300 MW of wind, 50 MW of solar, and 30 MW of battery storage. The plant was commissioned
in late September and is an example of how utilities are supporting hybrid plants. The
Wheatridge system uses electricity from the solar power to charge the batteries, and the storage
can provide continuous power for four hours. A subsidiary of NextEra operates the facility. PGE
owns 100 MW of the system. The subsidiary owns the rest, and sells that output to PGE under
30- and 20-year power purchase agreements.

James Fraser, Emerson’s vice president of Renewables, detailed some of the ways utilities and
other power generators can support growth in hybrid installations. Fraser told POWER, “There
are many ways to create a hybrid energy system for use during peak and off-peak hours.” He
said those include:

■ Adding battery energy storage to wind farms and solar power plants.
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■ Developing integrated renewable generation, green hydrogen production, and storage
and power plants that use hydrogen-capable turbines.

■ Integrating small run-of-the-river hydropower plants with municipal microgrids.

■ Connecting a solar facility to a natural gas plant.

■ Using renewable or nuclear energy resources to produce and store green hydrogen.

■ Adding floating solar panels to hydro reservoirs.

■ Creating virtual power plants (a group of smaller generators such as wind, solar, gas
turbines, or demand response programs that band together to virtually operate like a larger
asset).

3. These control room monitors show Emerson’s renewable asset management software, with
data shown on the left screen, along with an illustration on the right screen of the group’s end-
to-end sustainable grid solution. Courtesy: Emerson

“Hybrid power ecosystems are becoming increasingly interesting for industrial process
applications where the combination of traditional thermal generation on a production site can be
combined with renewable generation to offset carbon emissions,” said Fraser, whose company
has asset performance management software that helps monitor assets (Figure 3) and make
sense of their massive amounts of data. “Additionally, excess energy can be used for green
hydrogen production and then further processed in compounds, like ammonia, which can then
be sold or used as a transportable energy storage media.”

Fraser provided a summation of the benefits of hybrid power systems, which likely will gain in
importance as utilities and other power generators seek ways to improve the reliability and
resiliency of the electricity supply. “Hybrid energy systems provide a consistent and continuous
source of power. So, even though the sun isn’t shining and the wind isn’t blowing, they help to
balance the supply of clean energy,” said Fraser. “Furthermore, by creating cleaner microgrids
that can support industrial processes and other consumer power needs during blackouts, hybrid
power plants play an important role in dialing up grid reliability and resiliency. And by integrating
green power with thermal generators, emissions and the overall carbon footprint are reduced,
which, in turn, helps to drive the power industry’s balanced transition toward a more sustainable
future.”

—Darrell Proctor is a senior associate editor for POWER (@POWERmagazine).
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Aug 2, 2021
by Darrell Proctor

Distributed Generation

Communities Bene�t from Microgrid
Milestones

A remote area in Australia recently recorded an important power generation achievement, as
the region received all its electricity from solar power and battery energy storage. The town of
Onslow, located in the state of Western Australia, was powered for about 80 minutes solely by
solar-plus-storage thanks to advanced microgrid technology that determined the best time and
conditions to draw energy only from the town’s solar resources supported by a battery energy
storage system (BESS). The set-up is part of a collaboration between PXiSE Energy Solutions,
a grid management technology company and subsidiary of Sempra Energy, and Horizon Power,
Western Australia’s regional power provider.

PXiSE is providing Horizon Power with advanced microgrid control technology, along with a
distributed energy resources management system (DERMS), to manage Onslow’s solar and
traditional energy sources. Onslow’s grid operator utilized the microgrid control tech and
DERMS to determine when to draw energy only from the town’s solar resources. Residents
played a key role in reaching the 100% solar-plus-storage milestone, with more than 40% of the
town’s homes having solar panels that generate power for the grid.
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1. A solar array in Onslow in Western Australia is paired with energy storage and a microgrid
control system, supporting the power supply and grid stability of the remote community.
Courtesy: Horizon Power

PXiSE and Horizon have touted the project (Figure 1) as showing that it is possible for
communities to operate entirely on a solar-plus-storage energy model, which could provide a
way for other remote communities worldwide to gain more access to electricity, along with
supporting the reliability of the power supply. The Onslow demonstration provides a blueprint for
such installations, and other groups are designing similar projects. German microgrid tech
company DHYBRID in late June announced a solar-plus-storage scheme to support the local
grid in the Somaliland port city of Berbera, the capital of that country’s Sahil region.

“Horizon Power has been a leader and early adopter of microgrids, as their service area is five
times the size of California but populated by remote, isolated communities,” said Patrick Lee,
president and CEO of PXiSE, noting that Horizon Power’s system includes 32 microgrids. The
utility delivers electricity to more than 110,000 homes, communities, and businesses across a
remote, isolated region.

Lee told POWER that “concerns over system stability of the microgrids have constrained the
addition of customer-owned solar assets. When temperatures reach over 40 degrees
Celsius/104 degrees Fahrenheit, and sunshine is abundant, it’s tough to tell customers that their
solar can’t be added due to grid limitations. With a mandate to add more renewables, Horizon’s
options were to make expensive infrastructure augmentations or add a DERMS, which uses
software to balance traditional energy assets with customer-owned DERs like solar panels.” Lee
said the DERMS provides a solution to maximize solar integration into Onslow’s microgrid,
paving the way for even more renewables in Onslow and elsewhere. “This is a significant
milestone for energy control technology and renewable energy, with broad applications for the
world at large,” Lee said.

Energy providers, particularly those in areas seeking more reliable power, are looking at
advanced microgrid control technology and DERMS as a way to provide more renewable
energy resources to communities without experiencing grid stability issues. The Onslow project,
which was two years in the making, began when Horizon Power commissioned PXiSE to deploy
the DERMS and PXiSE’s own Microgrid Controller. Horizon’s engineers are now able to monitor
Onslow’s grid in real time, managing generation from the town’s many distributed solar power
resources and a traditional gas-fired power plant.

The 100% solar-and-storage achievement came as part of a demonstration, with the town
served by about 700 kW of domestic solar from more than 260 customers; 600 kW of utility
solar; a grid formed by a power station battery storage system; and solar smoothing support
from a zone substation battery. The microgrid control technology, in coordination with the
substation’s power line controller, smoothly managed power transitions to ensure steady-state
frequency and voltage. The DERMS managed the residential solar and provided predictive
analytics for solar/weather conditions, informing the transition criteria.

The companies told POWER in a statement that “the breakthrough was the exclusive use of
household rooftop and utility solar assets, which are non-dispatchable energy sources, and
precisely coordinating that with energy storage resources and load and weather forecasts to
provide stable, continuous, high-quality power to a grid. The town did not need to draw power
from its fossil-based plant, nor is there any hydropower in the region. Such a model could be
applied in any area to go towards 100% renewable.”

Bill Johnston, energy minister for Western Australia, noted, “This innovative project
demonstrates how distributed energy resources can be safely integrated at the grid level.”
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Stephanie Unwin, Horizon Power’s CEO, said, “Renewable energy solutions are front of mind,
and we have very clear goals for our energy future. This technical functionality developed in
Onslow continues to lead the industry to overcome the barriers to increased rooftop solar
installation, which has been shown to reduce energy costs for our regional customers.”

Lee said, “This is a significant milestone for energy control technology and renewable energy,
with broad applications for the world at large. The DERMS and Microgrid Controller-facilitated
hydrocarbon-free period in Onslow demonstrates the possibility for certain communities to run
solely on solar plus battery storage.”

Jose Carranza, head of Products & Solutions for PXiSE, told POWER: “Aside from the
breakthrough milestone of the entirely solar-plus-batteries demonstration, the Onslow project
has had several other technical achievements. Thanks to significant interest from the residents
of Onslow, there’s also been a threefold increase in the number of people with rooftop solar
installations.”

Carranza added, “The entire 11-MW microgrid serves a peak load of 4 MW, and its renewable
assets include a 1-MW utility-scale solar array; 260 residential arrays totaling 2.1 MW; two 1-
MW battery storage systems; and 500 kWh of residential batteries. The recently added solar
resources are expected to reduce natural gas consumption by over 55,000 GJ [gigajoule],
lowering energy costs for everyone,” and reducing emissions of carbon dioxide. Onslow officials
also said the project serves as a sustainable energy model for isolated and island communities
that lack access to geothermal or hydroelectric resources, showing that remote areas can
operate on a solar-plus-storage power model along with a mix of customer- and utility-owned
assets.

“In Onslow’s case, there are gas and diesel power plants supplementing solar, and our DERMS
and microgrid controller helped Horizon Power’s engineers determine when it’s ideal to pull
power from the solar assets without disrupting the grid,” Lee told POWER. “When the engineers
recently configured the control system to power the town solely from the solar arrays and
batteries, it proved the feasibility to operate a highly renewable and distributed grid in remote
communities and islands anywhere in the world. Not only is it possible to accelerate a large
quantity of renewables and DERs into existing power grids, but intermittent renewables like
solar can be safe and reliable sources of energy on standalone microgrids when paired with a
modest amount of energy storage and enabled by the latest energy control technology.”

2. Germany-based DHYBRID has installed a hybrid power system in the Somaliland port city of
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Berbera. The design includes a total of 8 MW of solar power generation capacity, along with a
2-MWh containerized battery energy storage system and three diesel generators. Courtesy:
DHYBRID

The DHYBRID project (Figure 2) in Somaliland, across the Gulf of Aden from Yemen, features
two solar PV plants with a total 8 MW of generation capacity, along with a 2-MWh containerized
lithium-ion BESS and three diesel generators. The system is connected to local utility Berbera
Electricity Co.’s grid.

DHYBRID—a German company that specializes in hybrid power systems—supplied microgrid
monitoring and controls technology, including its open-technology Universal Power Platform,
and a supervisory control and data acquisition system. The group said the BESS is likely
Somaliland’s largest to date, and supports grid stability. The microgrid “has enabled the increase
of distribution load-bearing capacity and efficiency of power generation,” according to the
company. DHYBRID said the city grid’s power factor has improved by 20% with the addition of
the microgrid.

It’s an important project for Berbera, which is expanding its port operations and has sought ways
to integrate new solar power generation capacity and improve the reliability of its power supply.
“Various generators within the grid must be continuously coordinated, especially when
renewable energies are involved. Otherwise, problems with the grid frequency and voltage will
become unavoidable, making it impossible to utilize all the available power,” DHYBRID CEO
Benedikt Böhm said in a statement. “It is simply not enough to just consider the solar capacity
available. Effective grid management is essential.”

—Darrell Proctor is a senior associate editor for POWER (@POWERmagazine).
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