
 

 

Stationary Energy Storage Beyond  
Lithium Ion Batteries 

Energy Storage Capabilities 



 

 

Contents 

Overview 1-3 

2 - 4 Mechanical Storage Systems 

- Flywheel 

- Pumped Hydropower 

- Gravity Blocks 

- Compressed Air 

- Liquid Air 

Thermal Energy Storage Systems 

Electromechanical Energy Storage Systems 

- Lithium Ion Batteries 

- Flow Batteries 

- Green Hydrogen 

5-0 

6 - 7 

About The Author 8-0 



 

 

As the world is moving away from fossil 
fuels and towards a more sustainable future 
by using renewable energy technologies, 
different stationary energy storage systems 
are emerging from scientific ideas and 
engineering desks. The most popular 
renewable energy technologies are currently 
wind turbine farms and solar power plants. 
The former converts kinetic energy of wind 
into electricity and the latter converts solar 
energy of the sun into electrical energy. 
Relatively unexplored tidal turbines that 
convert energy of oceanic tides into 
electricity is not yet widely spread. Such 
turbines have a great potential, because 
tides are more predictable and thus less 
intermittent compared to wind or sun 
energy. Due to the intermittent nature of 
renewable energy sources in general, energy 
needs to be stored when the wind does not 
blow, the sun does not shine and the tides 
do not rise and fall. 

 

Nowadays, lithium based stationary energy 
storage systems are gaining in popularity 
due to increased demand for battery electric 
vehicles (BEVs) and decreasing price of 
lithium-ion (Li-ion) batteries. But these 
batteries with different chemistries, such as 
lithium nickel manganese cobalt oxide 
(NMC), lithium nickel cobalt aluminium 
oxide (NCA) and lithium iron phosphate 
(LFP) used for stationary energy storage 
systems as second life Li-ion battery packs 
from BEVs have very negative 
consequences for the environment and 
humans. And they can store energy 
economically for a couple of hours only. 

 

On the other hand, there are several other 
stationary energy storage systems already 

in use, depending on technology and 
duration of the energy storage. The time 
duration is usually a couple of hours for 
peak shavings, to some days, weeks, 
months or even an entire season. Based on 
such definition, we differentiate among 
short, medium and long duration energy 
storage systems that currently work in 
synergy with wind and solar energy systems. 
Such energy storage systems are known as 
chemical, electrochemical, mechanical and 
thermal energy storage technologies.  
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A flywheel energy storage (FES) system 
converts kinetic energy of an enclosed 
spinning disk or rotor into electrical energy. 

During the charge time, the electric motor 
provides electrical energy to spin the disk at 
very high speeds and the momentum is 
stored as rotational energy. During the 
discharge time when stored energy is 
needed, the momentum of the spinning disk 
drives the electric generator and slows the 
rotor down. Because it spins nearly 
frictionless in a vacuum, the inertia allows 
the rotor to spin further and converts 
rotating mechanical energy directly into 
electricity. 

 

Flywheels usually produce between 3kW 
and 130kW of power for a short period 
between 10 seconds and 25 minutes, 
depending on design. Because of that, the 
FES system is appropriate for levelling out a 
peak use of electricity, known as peak 
shaving. Due to simple design, flywheels are 
low maintenance devices with long lifetime 
and round-trip efficiency up to 95%. Other 
advantages of the FES system are high 
power density and operation under a wide 

range of temperatures without any harmful 
emissions. In case of a mechanical failure, 
consequences could be catastrophic 
because of high rotating speeds. Therefore, 
the flywheel is encased within a strong 
casing. The main disadvantages of this 
energy storage system include a high capital 
cost and high self-discharge rates. 
Pumped Hydropower 
A pumped hydropower energy storage 
(PHES) system is a type of gravity energy 
storage system that converts kinetic energy 
of stored water into electrical energy. 

 

During the charge time, water from a lower 
reservoir is pumped into an upper reservoir 
with an electric pump. During the discharge 
time, the electric power is generated by 
releasing water through a water turbine from 
the upper reservoir into the lower reservoir. 
The upper reservoir is usually filled with 
water during a low demand for electricity. 
When the demand for electricity increases, 
water is released into the lower reservoir. 

 

The PHES system is one of the oldest types 
of energy storage systems used worldwide. 
It can store an extensive amount of energy, 
but it requires large reservoirs for the 

Mechanical Energy Storage Systems 

Flywheel energy storage system © Bercik 

Mingtan Pumped Storage Hydropower Plant © Finnrich 
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system to be cost effective.  

 

Such units are usually designed to store 
more than 400MW of energy, although 
smaller units of 13MW also exist. Its round-
trip efficiency is up to 80% with reservoirs 
usually designed to store water for up to 20 
hours, which is enough for daily or weekly 
discharge durations. The PHES system is 
used to stabilize electricity grid, increase 
energy storage capacity and for load 
balancing services. The lifetime equipment 
of such PHES system is more than 40 years 
and 100 years for water reservoirs. This 
system also requires appropriate geography 
and is thus geographically limited. 

 
Gravity Blocks 
The operating principle of gravity blocks 
energy storage (GBES) system is relatively 
new idea, inspired by the PHES system to 
reduce capital costs. It also offers an option 
to be built anywhere to avoid geographical 
limits compared to some other energy 
storage systems. Such GBES system 
converts kinetic energy of moving custom-
made composite blocks from a lower level 
to an upper level into electricity, similarly as 
an elevator moves up and down. 

During the charge time, an electric motor 
moves blocks from the lower level into the 
upper level. During the discharge time, this 
process reverses and electricity is generated 
in an electric generator by moving blocks 
back into the lower position. 

 

The GBES system uses a sophisticated 
technology that autonomously moves many 
blocks simultaneously up and down. 
Custom-made blocks can be made from 
concrete, soil, waste materials from coal 
combustion residuals, discarded wind 
turbine blades and others to mitigate the 
negative effects on the environment. 

 

The GBES is highly modular and scalable 
system that is appropriate for storing energy 
from 10MWh up to multi-GWh capacity with 
high round-trip efficiency up to 90%. It also 
has a long service life of more than 50 years 
and can store energy for only 15 minutes or 
much longer, up to 14 hours. 
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Compressed Air 
A working principle of the compressed air 
energy storage (CAES) system is similar to 
the PHES system. It consists of wind turbine 
farms, photovoltaic solar farms or electrical 
grid as the source of electricity. This storage 
system can be installed on the ground or 
underground. Since compressing the air 
increases heat, a thermal storage unit is 
added to the entire system to increase the 
overall efficiency. Additional components 
needed for this system are electric motors, 
compressors, coolers, electric generators 
and turbines. 

During the charge time, instead of pumping 
water into an upper reservoir, an ambient air 
is compressed and stored under pressure in 
underground salt or hard-rock caverns, 
depleted gas fields, aquifers or air tanks. 
During the discharge time, when electricity is 
needed, the compressed gas is released 
from the storage medium into a turbine 
where it expands, heats up and moves 
turbine blades that drives an electric 
generator to produce electricity.  

 

The CAES system is designed for medium to 
long duration energy storage. It is a low 
cost, safe and clean storage system, without 
any harmful chemicals used or released 
during operation. This modular and scalable 

energy storage system has round-trip 
efficiency between 70% and 80% and 
lifespan more than 30 years. 

 

Liquid Air 
A liquid air energy storage (LAES)/cryogenic 
energy storage (CES) system is similar to 
the CAES system. 

 

During charge time, ambient air is sent 
through a series of compression and 
expansion stages to achieve high pressure 
and low temperature until the air liquifies. 
This is then stored at low pressure in large 
insulated tanks usually installed on the 
ground. An additional thermal storage unit is 
usually added to the entire energy storage 
system to store waste heat and increase the 
system efficiency. During the discharge 
time, the liquefied air is released from the 
large tanks where it expands in a gas turbine 
that generates electricity through a 
connected electric generator. 
 

This clean energy storage system, with zero 
emissions and no harmful chemicals used, 
is appropriate for a medium or long duration 
and large-scale energy storage. The system 
can be located anywhere where there is 
demand for the energy storage with a 
lifetime of more than 30 years. A unit size is 
usually between 5MW and 100MW, but it is 
scalable to larger GW plants. A round-trip 
efficiency is around 70% with energy storage 
duration between 4 hours to 4 weeks. 

 

 

 

 

 

 

Compressed Air Storage Facility © Caumasee  
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There are several different thermal energy 
storage (TES) systems for storing energy as 
heat or cold. The most known system is 
storing heat in molten salts combined with 
concentrated solar power plants, which is 
appropriate for deployment in countries with 
an uninterrupted solar energy throughout 
the day. Although alternatives to 
concentrated solar power plants, such as 
wind turbine farms, photovoltaic solar farms 
and their combination exist, simpler and 
cheaper technologies have been developed 
as well. 

 

A low cost and safe TES system without any 
degradation is storing heat in crushed rock. 
During the charge time, electricity produced 
from renewable sources powers an electric 
motor that rotates compressor and 
compresses cold air released from stones 
stored inside a cold tank. The generated 
heat due to the air compression is stored at 
high temperature above 500oC in crushed 

rock inside a hot tank. During the discharge 
time, the hot air stored in the hot tank is 
released to power a turbine where it cools 
down and gets stored in the cold tank. At 
the same time, the cold air stored in the cold 
tank is displaced and powers the 
compressor. The system repeats again in 
the loop. This system can store between 10 
hours and 10 days of energy and is 
appropriate for medium-scale energy 
storage.  

 

 

Thermal Energy Storage Systems 

Mozambique Solar Storage Project © Diego Dalsa 

Broken Hill Solar Plant © Jerry Buckingham 
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A lithium ion (Li-ion) energy storage (LIES) 
system is currently very popular energy 
storage system due to innovations in 
rechargeable battery technology and 
affordable cost of Li-ion batteries. Such 
battery is an electrochemical device that 
consists of two electrodes, a negative 
electrode (anode), a positive electrode 
(cathode), a separator and a liquid or solid 
electrolyte that allows Li-ions to move 
between both electrodes to perform work. 
This work converts stored chemical energy 
into electrical energy. 

 

There are several electrode chemistries 
available for Li-ion batteries. Lithium nickel 
manganese cobalt oxide (NMC) and lithium 
nickel cobalt aluminium oxide (NCA) 
batteries have the highest energy densities 
of up to 220Wh/kg and up to 260Wh/kg, but 
are also the most flammable. On the other 
hand, the lithium iron phosphate (LFP) 
battery is safer, but it has the lowest energy 
density of up to 120Wh/kg. The emerging 

chemistry is a solid-state Li battery with a 
solid electrolyte instead of a liquid one. 
Although in still intensive research, the solid-
state Li battery promises energy density 
around 320Wh/kg or even up to 440Wh/kg. 

 

Li-ion batteries can be used for short 
duration stationary energy storage between 
2 hours and 4 hours. Power capacity 
depends on needs and some companies 
have deployed up to 350MW modular and 
scalable units. For longer periods, other 
energy storage systems are more 
economical and safer with a longer service 
life. 

 

Flow Batteries 

A flow battery energy storage (FBES) 
system is another electrochemical storage 
system that combines benefits of batteries 
and fuel cells. A flow battery consists of a 
fuel cell alike stack that can be charged and 
discharged like any other rechargeable 
battery. Two different fluids, called anolyte 

 

Electro Mechanical Energy Storage Systems 

Flow Battery Reaction Process © Colintheone 
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and catholyte, flow separately in the fuel cell 
stack and exchange ions inside the stack 
through a semipermeable membrane.  

 

Such exchange of ions produces electricity. 
Both fluids, which are separately stored in 
large tanks, circulate in closed loops driven 
by two pumps, one for each fluid. The 
energy capacity of flow battery depends on 
volume of fluids and its power depends on 
the electrode surface area. A larger fluid 
tank means a longer duration energy 
storage, which can be between 4 hours and 
12 hours. Flow batteries can operate up to 
20 years. Currently, the most common and 
commercially successful combination of 
fluids are different vanadium-vanadium 
based solutions, different iron-iron based 
solutions and zinc-bromine aqueous 
solutions. 

 

Flow battery units are usually smaller and 
modular with a single unit capacity of 
around 3kW/10kWh. Such batteries are also 
scalable to large capacities of more than 
360kWh, depending on needs for stationary 
energy storage. 

 

Green Hydrogen 
A green hydrogen energy storage (GHES) 
system utilizes the electrolysis process to 
split water into hydrogen and oxygen by 
using electricity, usually produced from the 
electrical grid, wind turbine farms or 
photovoltaic solar farms. Such 
electrochemical conversion process is 
performed in electrolysis cells, which is a 
reverse process of fuel cells.  

This production process is called the green 
production of hydrogen, because the latter is 
directly produced from water and not from 
fossil fuels. If hydrogen is produced from 
fossil fuels, such as from methane and 
produced carbon dioxide is captured, the 
process is called the blue production of 
hydrogen. Once hydrogen is produced, it is 
stored in large underground caverns, salt 
domes or depleted oil and gas fields for a 
long period of time, even for an entire 
(winter) season. The storage capacity 
depends on the size of caverns and 
possibility to additionally compress 
hydrogen. For example, one large cavern 
can store up to 150GWh of hydrogen. 
Hydrogen plants are usually built where 
natural cavities or depleted oil and gas fields 
exist. When there is an additional demand 
for hydrogen, it can be used from such 
natural storage facilities, by using 
transportation trucks or hydrogen pipeline 
networks. Hydrogen can also be converted 
back into electricity by utilizing fuel cell 
farms, which are part of the hydrogen 
production and storage plant. 

 Hydrogen Electrolysis © Free SVG 
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“Lithium based stationary energy storage 
systems are gaining in popularity due to 
increased demand for battery electric vehicles.” 

NASA Thermal Energy ©  Martin Brown 
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