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Introduction
For much of the 20 century, the biggest issue with
renewable energy technology was its price tag.
However, in the last 10 years the levelized cost of
energy for solar and wind power have dropped 81% and
46%, respectively. As technologies’ prices plummeted,
the investments skyrocketed. Since 2009, global
investment into renewable energy technologies totaled
$2.6 trillion. [1] In that time span, the total clean power
generating capacity around the world has quadrupled—
from 414 GW in 2009 to 1,650 GW in 2019. [2] Cost is
no longer the limiting factor for most renewable energy
technologies.
Team Bittersweet’s Capstone project takes
advantage of solar power’s affordability by making it
even easier to site solar arrays. SolarSolve is a program
that automates the process of finding land to host
community solar installations. The goal is to give as
many people access to renewable energy as possible.
However, Team Bittersweet sees a potential issue with
a world made up of There is a new problem on the
horizon that grows as the industry does: load balancing.
This tech note will explore the topic of mechanical
energy storage as a solution to relying on intermittent
generation sources.
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Background Information
On Demand vs. Intermittent Generators
Our grid runs on instantaneous power generation and
consumption. If someone flips a light switch, power is
generated somewhere at that very moment to provide
the electricity to turn on that bulb. Traditional fossilfueled power plants and nuclear reactors work perfectly
in this system: they are on-demand generators that
produce power when it is needed—this is called load
balancing. Renewable energy technologies, on the other
hand, rely on intermittent resources. They are not on
demand. The owner of a solar array cannot turn on the
sun when she wants to generate power. A wind farm’s
operator cannot force the wind to blow during peak

demand.
It is very difficult to estimate the renewable
power generation of a single randomly selected day.
This is a problem for our grid. Consumers will not be
satisfied if they go to turn on the TV at 9 pm and are
met with a black screen. They will be even less
impressed by the excuses from their utility: “the sun has
already set,” or “the wind let up.” Utilities need to plan
how to balance the load with these intermittent
resources as a large portion of their generation profile.
At the heart of this plan lies grid-scale energy storage.

Load Balancing

Figure 1: Solar Generation vs. Average Demand

Energy storage will not only make large-scale
renewable implementation feasible; it will allow these
technologies to flourish. This is most evident with solar
power. In Figure 1, the two graphs show just how out of
sync solar generation and customer demand are. With
energy storage, utilities will be able to capture the
excess power generated in the middle of the day and
save it for a few hours until peak demand. Between 6
and 8 pm, the stored energy can be distributed to those
who need it. Energy storage solves load balancing, but
only if it is grid-scale and managed by the utilities to
ensure reliability, redundancy, and resiliency.

Lithium Ion Batteries
There are several types of energy storage. The most
prevalent kind is the lithium-ion battery. It is so popular
because it has “high energy density, low self-discharge
rate, and quick re-charge time.” [3] Cellphones,
laptops, and most electric cars all run on lithium-ion
batteries because they are so efficient, returning up to
95% of the energy injected into the battery. But this
device also has two downsides: safety and expense.
Lithium-ion batteries are prone to thermal runaway,
which means that once the device gets above a certain
temperature it cannot be cooled down. [4] It will
continue to heat up until it bursts into flames. A
cellphone that catches fire might burn the user; an
electric vehicle’s battery pack going up in flames could
cause quite a bit of damage; however, a grid-scale
installation of lithium-ion batteries could have
catastrophic effects on nearby people, buildings,
forests, etc. Electric utilities and renewable developers
are looking for an inexpensive solution that balances
the grid’s load without risking huge fires. Mechanical
energy storage fits those specifications.

Mechanical Energy Storage
There are two new technologies that will change the
landscape of energy storage, and they all utilize simple
principles from an introductory physics class. The
amount of energy stored in an object is directly related
to the object’s mass and the height it is raised. The
technologies lift objects with large mass during hours
of excess generation. This takes energy in and stores it
until the objects are allowed to fall. At this point, the
electricity is deposited back onto the grid. Advanced
Rail Energy Storage (ARES) and EnergyVault are two
new grid-scale energy storage technologies that provide
utilities with the safer, less expensive alternative they
have been searching for.

ARES
ARES makes use of natural topography and train cars
to create massive gravitational batteries. They have
modified and automated train cars (see Figure 2) to take
weights back and forth between two yards of different
elevations. ARES have already tested a pilot system in
California, and now they have begun construction on a
larger 100MWh system in Nevada. [5] The system is
made up of 34 shuttle units and spans 9.2 km in the
Carpenter Canyon. When too much power is being
generated (the middle of the day in Figure 1), these rail
cars will travel at 18 miles per hour up the 7.2% grade

Figure 2: ARES Train Car with co-located Wind Turbines

slope and drop weights off in the yard at 680 meters
higher altitude. [6] These weights now have more
energy than they had in the lower yard. Uphill, the rail
cars are operated using electricity from the grid. When
demand surpasses the available supply of electricity,
the cars take the weights back down the hill. The motors
ARES uses are designed so that they can turn in reverse
when going downhill, thereby acting as generators and
delivering up to 50 MW of power onto grid at one time.
The overall round trip efficiency of the ARES
technology is up to 86%. ARES does have a flaw: the
rail systems require lots of undeveloped land at a
particular gradient. In areas with lots of open space,
ARES will certainly aid utilities in delivering
renewable energy to its customers in the instantaneous
fashion they are accustomed to.

Energy Vault
EnergyVault has created a huge battery from concrete
blocks and automated cranes. During times of excess
generation, this technology uses cranes to lift and stack
35-ton concrete blocks on top of each other. The cranes
take electricity from the grid and use motors to lift the
blocks up to 400 feet in the air. [7] Then during peak
demand, the crane picks blocks off the tower and allows
them to slowly fall to the ground. The force of gravity
on the block spins the crane’s motor in reverse and
turns the motor into a generator. The electricity created
by the blocks falling is then sent back onto the grid.
Figure 3 shows the tower in various stages of
deployment.
EnergyVault offers several installations up to
80 MWh of total stored energy. The largest installation
can deliver power onto the grid at up to 8 MW
instantaneously. The round-trip efficiency of the
technology is up to 90%. [8] This is exceptionally close
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to lithium-ion batteries’ round trip efficiency (between
90 and 95%). EnergyVault recently received $110
million to continue the design process and secure a
manufacturer for their recycled concrete bricks.
Though EnergyVault will require more initial capital
investment than ARES, the tower’s footprint— just 0.5
square kilometers—is much smaller than the rail
system’s. EnergyVault’s energy production is also
independent of the land’s gradient. It does not require a
slope to function like the ARES system. Utilities will
be able to implement this design in areas with more
land constraints, making the cost a worthwhile expense
in some regions.

offer options that search for spaces to co-locate energy
storage and solar power. The hope is that the tool
doesn’t not help the solar industry at the expense of all
else but rather aids in the development of a clean grid
overall, tailoring it for longevity and reliability.
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Figure 3: Energy Vault—Most Energy Stored to Least (left to right)

Conclusion
Both of these systems sidestep the hazards of lithiumion’s thermal runaway by avoiding chemical energy
storage altogether. These systems also already output
power in AC form, cutting out the need for additional
DC/AC converters. The technologies have taken simple
principles of gravitational potential energy and the
congruency of electric motors and generators to create
grid-scale energy storage systems. ARES and
EnergyVault can both be used to supply entire cities
with power when solar and wind power are generating
less than predicted. It’s crucial for utilities and solar
developers to invest into energy storage early to avoid
a rough transition to a generation profile dominated by
renewable energy.
When designing SolarSolve, it’s important to
consider the limiting factors on the solar industry.
SolarSolve serves solar developers, so Team
Bittersweet must not only be conscious of the future
bottlenecks in the industry, but it must also preempt
them as best it can. By taking into account the impacts
of energy storage on the solar industry, the team can
create a product to better serve the developers. Looking
beyond the scope of the May prototype, SolarSolve can
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