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ABSTRACT 

A 20-year Philippine energy roadmap was released by the 
Department of Energy that covers national renewable 
energy program, and a framework of energy storage 
systems. The energy plan entails increasing the share of 
renewable energy sources in the power mix and the use of 
energy storage systems to further increase efficiency and 
effectiveness of electric power delivery in the country. A 
flywheel-based energy storage system is emerging in the 
country and in this paper, the landscape of flywheel 
energy technology is discussed which includes the 
components of the flywheel system, other energy storage 
systems, development, and innovations in the local 
energy sector, as well as the opportunities and impact of 
flywheel energy technology in the Philippine economy. 
Moreover, flywheel technology implementation poses 
challenges in terms of research and development towards 
reaching its full potential and growth in fabrication, 
manufacturability, deployment, quality assurance, data 
analytics, and systems integration. 

Key words: energy storage systems, flywheel, power, 
renewable energy 

 

1. INTRODUCTION 
 

Renewable energy is gaining grounds in the market 
leaving a decreasing utilization gap discrepancy with 
fossil-based resources. A 3% increase in the consumption 
of renewable energy is projected each year between 2018 
and 2050 as it will replace coal in regions worldwide [1]. 
The Philippines intends to increase its capacities in the 
utilization of multiple renewable energy sources which 
includes wind- and solar-based systems. With the 
Philippine Renewable Energy Act of 2008, implementing 
rules and regulations were in-placed to quicken the 
development of renewable energy sources in the country 
and to expedite its adoption [2]. In addition, the National 
Renewable Energy Program (NREP) demonstrated 
strategies to meet the goals stated in the Renewable 
Energy Act of 2008 [3]. However, generation from wind 
and solar energy is intermittent due to the variability of 

the sources. Therefore, the instability of wind and solar 
energy introduces challenges in managing a reliable 
energy supply [4], [5].  

 
Energy storage systems (ESS) are needed to solve the 
reliability problems of wind and solar energy generation 
[6], [7]. ESS technologies transform electrical energy 
from a grid to another form of energy for storage. The 
stored energy is converted to electrical energy when 
necessary [7]. Moreover, the form of the stored energy 
determines the classification of the ESS. Hence, an ESS 
can be chemical, electrical, electrochemical, mechanical, 
or thermal in nature.  
 
One of the most common mechanical ESS is the flywheel 
energy storage system (FESS) [8]. The flywheel is one of 
the oldest mechanical devices. It stores kinetic energy 
using a rotating cylinder, or rotor, supported on a stator 
by bearings housed by a container [9], [10]. Flywheels 
are noted to have a long calendar life and cycle life, 
offering other numerous benefits which include high 
charging and discharging rates, quick response, and high 
round trip efficiency. In addition, the technology takes 
advantage about high energy efficiency, higher power 
densities, and low detrimental effects on the environment 
[11]. 
 
This paper aims to present the flywheel technology, 
current energy storage systems in the Philippines, 
challenges, and opportunities with the flywheel in the 
electricity sector of the country, and the economic impact 
of the flywheel technology in the next decade. 
Particularly, the paper shall describe and assess the 
capacity of the flywheel energy storage system in the 
Philippines. 

 
1.1 Description of the Flywheel 

 
The FESS is one of the numerous kinds of ESS. It is an 
electrical machine composed of a rotor, motor-generator, 
bearings, interface for the electronics, and a capsule 
housing.Figure1 shows the mechanical components of a 
flywheel energy storage device [11]. 
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1.1.1 Rotor 
Energy stored in flywheel is kinetic in nature. The stored 
energy is equivalent to half of the product of the moment 
of inertia and the square of the rotational speed of the 
rotor. Mathematically,  

 

퐸	 = 	 퐽휔      (1) 

 
where 퐸 represents kinetic energy, 퐽 is the moment of 
inertia and 휔is the rotational speed [12]. 

 
The maximum energy density depends on the shape 
factor, mass density, and themaximum flywheel stress. In 
equation form, it is: 

 
푒 = 퐾( ⋅ )     (2) 

where 푒푚 is the energy density per unit mass, 퐾  is the 
flywheel’s shape factor, the 휎 maximum flywheel stress, 
and 휌 is the mass density [12]. 
 

 
 

Figure 1:Structure and Components of a Flywheel Energy 
Storage Device [11] 

 
1.1.2 Motor-Generator 
The motor-generator is in-charge of the energy 
conversion task and handles the charging and discharging 
of the flywheel. When the machine works as a motor, it 
charges the flywheel and stores kinetic energy. Operating 
as a generator, it discharges the flywheel and converts the 
kinetic energy back to electrical energy [11], [12]. It is 
typically a high-speed permanent magnet machine It has 
an electromagnet where the field winding current is being 
adjusted to have full control and regulation of the motor 
voltage generated [13]. 
 
1.1.3 Rotor Bearing 
The low-maintenance bearings support the rotor at a very 
minimal friction. These bearings come in a mechanical 
and in a magnetic assembly. Magnetic bearings are 
composed of permanent,and active magnetic bearings, 
and a superconducting magnetic bearing [11], [12].  

 
Mechanical bearings are typically used for speeds under 
20,000 rpm while magnetic bearings are favored for over 
40,000 rpm [14]. 
 
1.1.4 Power Electronics Interface 
The power electronics interface is essential for energy 
conversion and control. Aside from the motor/generator, 
a power controller and a variable-speed power electronics 
converter are parts of the power electronics interface. The 
power controller controls the system variables, and the 
converter is typically in a back-to-back configuration 
[11], [13].  
 
An important function of the power electronics interface 
is to transform AC generator voltage to DC voltage. This 
DC voltage as a result of rectification gets fed to the 
inverter that converts it to usable AC voltage which is 
synchronized to the grid thus having full control over the 
power drawn from the flywheel. The process gets 
reversed once the flywheel starts in the charging mode 
facilitated by the bi-directional power flow feature of the 
power converter circuit [14]. 
 
1.1.5 Housing 
Flywheels are housed for safety and optimal performance. 
The housing provides the flywheel with an environment 
with low gas drag and restricts the rotor in a case of a 
failure. It is usually made from high-strength materials 
like thick steel to contain flying projectiles when the rotor 
breaks. [11], [15]. Housing designs can be equipped with 
a vacuum enclosure for the reduction of windage loss of 
high-speed flywheels [16]. 
 
2. OVERVIEW OF ENERGY STORAGE SYSTEMS 

 
As mentioned previously, there are other kinds of ESS 
aside from the FESS. An overview of the technologies of 
ESS, their benefits, and further descriptions according to 
their classification are reviewed.  
 
ESS technologies can store a specific kind of energy, 
which is converted from electrical energy. The stored 
energy in the ESS can be transformed back to electrical 
energy when there is a need for it [7]. Therefore, ESS 
technologies can improve reliability of systems with 
renewable energy sources that produce intermittent 
supply and can support a faster adoption of renewable 
energy [15]. ESS is useful for peak shaving and load 
leveling functions[6]. With ESS, a continuous and 
flexible power supply can be maintained; thus, ensuring 
power quality during times of variations in demand. 
When voltage sags or power network failures occur, ESS 
can provide power to consumers, and it can alleviate 
congestion in the power grid [8]. The power generated 
from renewable energy sources is more efficient and can 
be more widely used as an alternative to the grid and 
consumers may pay lesser electricity cost. Installing ESS 
delays the need to upgrade transmission and distribution 
capacity [6] thus, diminishing harmful impacts on the 
environment [17].  
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2.1 Types of Energy Storage Systems 
The diverse ESS technologies keep energy in distinct 
forms. Accordingly, ESS can be classified as electrical, 
chemical, electrochemical, thermal, or mechanical. Figure 
2 illustrates the common types of ESS [8]. 
 
The efficiency of a Hydrogen chemical energy storage 
system is lower than both pumped hydro storage (PHS) 
and lithium-ion electrochemical storage. However, 
chemical energy storage can store energy in the TWh 
range for greater time periods [8]. 
 
Electrochemical energy storage systems include the use 
of secondary batteries or flow batteries which could be 
one of the following types: metal-air, lead-acid, nickel-
metal hydride, nickel cadmium, lithium-ion,sodium 
nickel chloride, and sodium-sulfur cells. Meanwhile, flow 
batteries consist of redox and hybrid flow batteries. 
Secondary batteries make use of electrodes to charge and 
discharge energy, and flow batteries operate by dissolving 
electroactive species in liquid electrolytes [8]. 
 
The double-layer capacitor (DLC) used in electrical 
storage systems performs fast charging and discharging 
capabilities with high capacitance ratings. It also has 
nearly unlimited cycle stability and high-power 
capability. However, DLCs have high discharge rates and 
investment costs, making them unsuitable for long-term 
storage. Superconducting magnetic coils, the other 
technology used in electrical storage, have a high round 
trip efficiency and a very quick response time [8]. 
 

 
Figure 2:Classification of Electrical Energy Storage Systems 

according to the Form of Stored Energy [8] 
 

PHS, compressed air energy storage (CAES), and FESS 
are the three kinds of mechanical energy storage systems. 
PHS has two water reservoirs that are in different 
altitudes to pump water from the lower reservoir to the 
upper during off-peak hours. This is the charging phase. 
The PHS discharges by letting the water flow into the 
lower reservoir and pass through a turbine that makes a 
generator produce electricity. A CAES system utilizes 
electricity to compress and store air in a system of pipes. 
Natural gas is combined with compressed air when 
necessary. This mixture is subjected to heat and expanded 
in a gas turbine. FESS uses a rotating cylinder to store 
kinetic energy [8]. 
 

Lastly, thermal energy storage systems use latent heat to 
supplement power to the load with renewable energy 
sources. Thermal energy is contained by a change in the 
temperature of the storage medium [8]. 
 
2.2 Energy Industries in the Philippines 
ESS is penetrating global markets due to its significant 
benefits in different forms of technologies. In this section, 
the paper focuses specifically on the state of the ESS 
technologies in the Philippines and its prospects for the 
future in the country. 
 
The Philippines through its Department of Energy (DOE) 
devised a framework for ESS in the electric power 
industry. In their framework, ESS technologies are 
recognized as a key element in the proposed Smart Grid 
Roadmap for the Philippines. The DOE lists the purposes 
of an ESS as a provision of ancillary services, managing 
the dawn of renewable energy in the country, deferring 
transmission and distribution facilities upgrade, 
mitigating transmission congestion, managing end-user 
demand, managing distribution utility demand, and 
forming a microgrid [18]. 
 
In the Philippines, numerous Battery ESS (BESS) have 
been installed in conjunction with the construction of 
renewable-energy power plants. Specifically, Fluence has 
commissioned two 20 MW / 20 MWh BESS for SMC 
Global Power Holdings Corp. Likewise, Fluence and 
SMC Global Power Holdings Corp. also deployed a 10 
MW / 10 MWh ESS at a coal power plant in Zambales, 
the first in the country [19]. Furthermore, Aboitiz Power 
Corp., with partners Wärtsilä and Aboitiz Construction, 
has begun installing its first BESS in Davao de Oro [20]. 
Solar Philippines installed a 2 MWh Powerpack ESS 
from Tesla on a microgrid utilizing solar energy and a 
diesel generator as a backup [21]. A 2 MW / 2 MWh 
BESS was installed in Luzon by Meralco and Hitachi and 
is to be connected to the power grid of Meralco through a 
substation linked to a solar farm [22], [23].  
 
SMC Global Power Holdings Corp. has partnered with 
ABB to install two 20 MW sites and a 40 MW site [24]. 
Aboitiz Power Corp. has planned to develop twelve 
BESS projects in the next ten years [20]. The Philippines 
is also set to host the first floating ESS in Southeast Asia. 
The floating ESS will be installed beside the 100 MW 
thermal power plant in the municipality of Maco in 
Davao de Oro and is a project of Therma Marine Inc. and 
Wärtsilä [25]. 
 
A pumped-storage project in Pantabangan, Nueva Ecija is 
planned by First Gen Hydro Power Corp. It is planned to 
have a maximum capacity of 120 MW from two 60 MW 
turbines [26]. 
 
2.3 FESS in the Philippines 
The country is in its initial phase of adopting other 
storage systems aside from lithium-based batteries. A US-
based company, Amber Kinetics, is spearheading this 
initiative by expanding its influence on the energy  
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stakeholders, technology developers, innovators, and 
researchers.  
 
Amber Kinetics installed the first long-duration FESS in 
the world. In the local scene, Amber Kinetics Philippines 
(AKP) established partnerships with De La Salle 
University and was able to build a facility inside its 
campus in Biñan, Laguna [27].  Figure 3 shows the 
flywheel innovation hub inside the campus vicinity as 
part of their academe-industry collaboration efforts. The 
company launched its product, the M32, a two-ton rotor 
made of steel for storing energy of up to 32kWh which 
can be utilized for microgrid, utility grid, and industrial 
applications [28]. 
 
As part of its policies to reinforce energy storage 
technologies, the Department of Energy (DoE) had 
recently engaged with Amber Kinetics to help realize the 
goal of clean energy transition through their energy 
storage solutions such as the flywheel technology [29]. 
The Development Bank of the Philippines (DPB) had 
granted a 750 million pesos loan to Amber Kinetics 
Philippines to aid in further development of its novel 
flywheel technology as well as to support its operational 
requirements for domestic and export sales. This aims to 
position the country as a leading development center for 
mechanical energy storage systems [30]. 

 

 
 

Figure 3:Flywheel Innovation Hub in De La Salle University-
Laguna Campus 

 
3. OPPORTUNITIES WITH FLYWHEEL 
TECHNOLOGY 
 
In this section, the opportunities to implement the 
flywheel technology in the Philippines are presented. 
Moreover, the benefits of FESS are discussed, and 
different studies are cited as proof of the efficiency of 
FESS. 
 
3.1 Philippines Energy Outlook and Current 

Situations 
As part of the energy plan of the DoE of the Philippines, 
access to basic electricity for all Filipinos is aimed at the 
year 2022. Additionally, the DoE wants to improve the 
reliability of the power supply to match demand by 2040. 
Total electricity consumption in the country is expected 
to quadruple in 2040. Specifically, the grid at Luzon  

 
demands a total additional of 45,740 MW, the grid at 
Visayas needs an additional capacity of 8,564 MW, and 
the Mindanao grid needs 13,041 MW in 2040. Renewable 
energy is forecasted to be fifty percent of the total 
capacity mix in 2040 with a capacity of at least 20,000 
MW [31]. 
 
The NREP targets a capacity of renewable energy in the 
Philippines to more than 30,000 MW by 2040 by 
increasing the capacity of hydropower, geothermal, wind, 
biomass,solar systems, and installing an ocean energy 
facility. Moreover, the NREP 2020-2040 focuses on the 
integration of storage systems with the development of 
renewable energy facilities. [31]. 
 
Currently, the Philippines, an archipelago, has multiple 
small islands that are powered by just diesel generators. 
The grids on the small islands experience power outages 
and blackouts regularly. Bertheau wrote in his research 
that solely relying on diesel generators is not feasible for 
the mentioned islands and hinders the aim to have 
universal electrification of the country by 2022. 
Consequently, he suggests that renewable energy sources 
with ESS must be utilized on the small islands [32]. In 
another study, Ahmed and Logarta proposed that 
integrating renewable energy and ESS with the installed 
diesel generators would stabilize the power supply at the 
small islands [33]. 
 
The paper has established that the renewable energy 
sources and ESS are expected to grow in the Philippines 
alongside myriad projects and investments done by local 
corporations. The FESS can be installed in the 
Philippines in-line with the framework and energy plan of 
the DoE as an alternative, matching the growing power 
demand in the country and providing reliable energy to 
consumers even in small island grids.  
 
3.2 Advantages of FESS over other ESS 
Table 1shows the characteristics of the different ESS 
technologies, particularly those mentioned in the 
framework of DOE and the previously discussed ESS 
technologies. The flywheel has a faster response time 
than both PHS and CAES. It also has a range of high 
efficiency scores of 80 % to 90 %, with Chen, Cong, 
Yang, Tan, Li, and Ding stating an efficiency range from 
90 % to 95 % [7]. Furthermore, it has the highest typical 
cycle lifetime, besting other technologies by a factor of 
hundreds or thousands [8], [18]. 
 
The paper has demonstrated that the flywheel gives many 
benefits and is advantageous over its alternative 
technologies. Consequently, the flywheel is an efficient 
alternative to integrate with renewable energy sources as 
the growth of the latter is targeted by the Philippines. In 
the succeeding paragraphs, the paper cites different works 
by authors worldwide further demonstrating advantages 
and applications of the flywheel. 
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Table 1: Comparison of ESS Technologies [8] 

ENERGYSTORAGESYSTEM PHS CAES FLYWHEEL Li-ion DLC 

RESPONSE TIME minutes minutes less than seconds less than seconds less than seconds 

ENERGY DENSITY  
(Wh / kg) 

0.2 - 2 - 5 - 30 60 - 200 1 - 15 

TYPICAL DISCHARGE TIME hours hours seconds hours seconds 

ENERGY- 
EFFICIENCY 
ηWh (%) 

70 - 80 41 - 75 80 - 90 85 - 98 75 - 80 

TYP. CYCLE 
LIFETIME (cycles) 

> 15,000 > 10,000 2 x 104 - 107 500 - 104 104 - 105 

 
The flywheel was commonly used for bridging the shift 
from one power supply to another and has an efficiency 
from 90 % to 95 %. Thus, the FESS can be integrated 
with hybrid power supplies [7].  In addition to having a 
high efficiency, flywheels have a long life and can have 
full charge-discharge cycles up to the thousands as noted 
by Bender [34]. FESS has notable advantages 
versusrechargeable batteries. To name a few, these 
include  high power density, independently designed 
content of power and energy, multiple charge and 
discharge cycles, precise state of charge, and temperature 
independence [35]. The FESS was noted to have a rapid 
response, small contribution of hazardous waste, and 
longer life than rechargeable batteries [36]. It is estimated 
to have at least twenty-years of lifetime without 
performance decline [13]. In a critical review of the 
technology, applications and prospects of FESS done by 
Choudhury, it was highlighted that FESS technology 
holds many merits compared to other ESS technologies 
such as modularity, recyclability, quick response, ability 
to deliver large peak power, highly efficient, high-energy 
density, and long-life cycle [37]. 
 
Installing FESS to a wind-diesel hybrid power system 
smoothens the transient period of switching power 
sources and reduces diesel consumption. Whenever the 
wind generator could not meet the demand, the FESS 
would discharge [38]. The FESS can handle the peak load 
in microgrids [39]. The installation of FESS in 
Yamanashi prefecture in Japan contributed to the 
stabilization of the fluctuation of the output of a 1 MW 
photovoltaic plant [36]. Frequency control is one of the 
parameters in assessing FESS. It was found that the FESS 
has a very quick response and ramp rate, and that the 
FESS life is not shortened because of constant charge and 
discharge, unlike a battery [40]. 
 
Philippine-published literature about the flywheel in the 
context of the electricity sector is scarce as of the moment 
as this technology is just in its dawn in the local market. 
Flywheels could be integrated with renewable energy 
sources in the Philippines. Similar to Bertheau [32] and 
Ahmed and Logarta [33], the article mentioned that the 
flywheel can be used at off-grid areas and in the small 

islands of the Philippines [41]. The Amber Kinetics M32 
was noted in [28], [41] to have key advantages over 
chemical batteries. Specifically, the product has a lower 
operation and maintenance costs, an round trip efficiency 
in DC configurations of 86%, unlimited daily cycling, 
and almost zero degradation in its lifetime, a fast response 
time in milliseconds, been designed to have a 30-year 
calendar life [28], lesser detrimental effects on the 
environment, and a longer lifespan than batteries [41]. 
 
4. ECONOMICS 
 
The paper has discussed the opportunities of the flywheel 
in the Philippines along with the advantages and different 
applications of the flywheel. In this section, the 
economics regarding the flywheel is discussed. Generally, 
ESS can potentially reduce the operational expenses in 
managing the power grid. Likewise, the expense for 
regulating frequency may also be reduced [17].  
 
In [42], projections regarding the future levelized cost of 
electricity storage technologies is discussed. Equation (3) 
was used to determine this costin USD per Megawatt 
hour and to predict the total lifetime cost of an energy 
storage system. The operation and maintenance cost 
appears as 푂	&	푀	푐표푠푡whilecharging cost and the end-of-
life cost are also considered in the equation. The costs are 
assumed to start in the first year,푛, with an investment 
cost, 푖, until the end of life of the energy storage system, 
푁 that is discounted by the discount rate 푟 . 
 

퐿퐶푂푆	 = 	
	 	∑ 	&	

( )
∑ 	

( )
	

( )

∑
( )

(3) 

 
It was noted that the flywheel had the lowest LCOS 
among nine ESS technologies. Additionally, it found that 
the FESS was a competitive technology because of its 
low power-specific cost and better cycle life. FESS is 
expected to be one of the most used ESS technologies in 
discharge and frequency combinations along with PHS 
and batteries [42]. 
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The levelized cost of electricity was used to compare the 
flywheel and battery considering the total system energy 
cost during the project duration [43]. It is mathematically 
given as: 
 

퐿퐶푂퐸	 = 	
( 	 	 )

( 	 	 ) ,    (4) 

 
where 퐿퐶푂퐸  stands for the levelized cost of electricity, 
inflation rate(푖), the project duration(푡 ), the total net 
present cost(퐶푁푃퐶,푡표푡푎푙) , and the amount of electricity 
served to the load (퐸푠푒푟푣푒푑	). 
 
Different configurations of energy systems were 
simulated as a microgrid at Busuanga Island, Philippines. 
The configuration consisting of a solar photovoltaic, 
diesel, and a flywheel yielded a lower LCOE than the 
solar photovoltaic, diesel, and battery configuration. 
Similarly, it is also evident that a solar photovoltaic and 
flywheel setup has a lower LCOE than the corresponding 
solar photovoltaic and lithium-ion battery setup [43]. 
Table 2details the findings of the study. 
 
Zakeri and Syri considered in their study the LCOE 
coming from ESS and the life cycle costs (LCC) of 
different ESS including PHS, CAES, FESS, 
electrochemical batteries, flow batteries, and 
supercapacitors. In addition, uncertainties were weighed 
by utilizing the Monte Carlo method. In their findings, 
the flywheel had the highest capital cost but had the 
lowest annualized LCC as depicted in Figure 4from [44]. 
Hence, the flywheel was concluded as the most 
economical ESS technology with lower operational costs 
in the power quality and frequency regulation 
applications when compared with the lithium-ion and 
lead-acid batteries. 

 
Table 2: Island-based Optimal Energy System Configuration 

SYSTEM CONFIGURATION LCOE 
[USD / kWh] 

Diesel 0.434 

Solar photovoltaic / diesel 0.371 

solar photovoltaic / diesel / lithium-
ion battery 

0.349 

solar photovoltaic / diesel / flywheel 0.345 

solar photovoltaic / lithium-ion 
battery 

0.467 

solar photovoltaic / flywheel 0.492 

 
While the previous studies mentioned the LCOS and the 
LCOE of the flywheel, a bottom-up cost model for 
evaluating the levelized cost of the FESS is also 
available. In this study, the equipment design and sizing 
hugely influence the cost of the FESS. Results identified 
that a steel rotor has a cheaper capital cost and lower 

LCOS than a composite rotor for frequency regulation 
[42]. However, a rotor made from a combination of 70 % 
graphite whisker/epoxy material had a higher strength 
under constant stress of a factor of 17.6 over steel [46]. 

 
Figure 4: Annualized LLC for ESS systems in frequency 

regulation and power quality applications [44] 
 
The flywheel offers economic benefits in addition to its 
competitive advantages over other ESS technologies. 
Thus, integrating flywheels to the utility grid, renewable 
energy sources, and hybrid systems in the Philippines is 
an economical alternative for reaching the goals of the 
energy plan of the country. 
 
5. CONCLUSION 
 
The world is expected to shift to renewable energy 
sources in the future. However, with renewable energy 
sources, power generation is unreliable and intermittent. 
Thus, ESS is required for improving the reliability of 
renewable energy. The flywheel is one kind of ESS. ESS 
generally can be utilized for peak shaving and load 
leveling, providing power during voltage sags or grid 
failures, and freeing congestion in grids. It, renewable 
energy power plants, and universal electrification are part 
of the energy plan of the DoE in the Philippines. Yet, the 
Philippines has many small islands that are powered 
exclusively by diesel generators, a hindrance to the 
universal electrification in the country. To solve the rising 
power demands and provide reliable electricity 
nationwide, the opportunity arises for the flywheel 
technology. The flywheel has been researched to be 
extremely efficient, scoring 90 % to 95 % values. Also, it 
has been used to control frequency, reduce transient 
periods, and supply power during peak demands. ESS 
typically reduces operating costs of the utility grid and 
the expense for regulating frequency. Specifically, the 
flywheel has low LCOS, competitive, and is the most 
economical technology for frequency regulation and 
power quality regulation. 
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