
RAGONE PLOT OF ENERGY
STORAGE

Is Ragone plot analysis useful for electric energy storage?

of electric energy storage. Ragone plot analysis is under-utilizedfor technologies where energy and power are

separately scal-able (decoupled E-P). There is value in Ragone plot analysis for these technologies by

characterizing off-design performance in a common framework.

What are 'Ragone plots' for thermal storage?

In addition to the work by Yazawa et al., Christen developed what he referred to as 'Ragone plots' for thermal

storage, but approached it from a simplified thermodynamic perspective that cannot evaluate specific

materials or designs of thermal storage devices 28.

Can rate capability and Ragone plots be generated for Sensible thermal storage devices?

Although not the focus here,rate capability and Ragone plots can also be generated for sensible thermal

storage devices,where the rate capability curve will be approximately linear throughout the discharge process

(similar to the voltage response of an electrical capacitor).

Why is the Ragone curve bounded by the efficiency of the thermodynamic cycle?

In general, the Ragone curve is bounded by the efficiency of the thermodynamic cycle and the available

energy is reduced at higher powers due to imperfect heat exchange. Both characterizations are theoretical

but are a solid basis for further practical analysis. For details, the reader is referred to the respective

publications [28,31].
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This power/energy trade-off is captured in the

so-called Ragone plot, shown in Figure 1. P energy

storage devices are prevalent in our everyday lives,

from powering laptops and cell phones, to serving

as a backup energy supply in numerous electronic

applications, including those in military operations,

automobiles, satellites, and remote 

Ragone plot is used to compare the performance of

various energy storage devices. Power density (W

kg a??1) is expressed on the y-axis, and energy

density (Wh kg a??1) is expressed on the x-axis.

The energy density of capacitors is the lowest, but it

a?|

Download scientific diagram | Ragone plot showing

energy and power density for different energy

storage systems. from publication: An Overview on

the Development of Electrochemical Capacitors and
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The performance improvement for supercapacitor is

shown in Fig. 1 a graph termed as Ragone plot,

where power density is measured along the vertical

axis versus energy density on the horizontal axis.

This power vs energy density graph is an illustration

of the comparison of various power devices storage,

where it is shown that supercapacitors occupy a?|

Download scientific diagram | Ragone plot of

different energy storage technologies. from

publication: Recent Advances in the Development of

Organic and Organometallic Redox Shuttles for

Lithium 

Fii. 1 | Schematics of electrochemical and thermal

energy storage devices, showing analogous inputs

and outputs. c,  Corresponding gravimetric Ragone

plot when the cutoff temperature is 9, 12 
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A new Ragone framework for thermal energy

storage provides guidance for researchers on how

to optimize new thermal storage materials or

devices for both energy and power density. This

framework will accelerate the development of novel

thermal storage technologies.  with guidance from a

Ragone plot. Our team wanted to create these

Ragone 

Download scientific diagram | Ragone plot of

various energy storage devices: electrostatic

capacitors, electrochemical capacitors, SMES,

flywheels, batteries, and SOFCs. The straight

dashed lines 

Ragone plots have so far been mainly used for a

rough comparison of energy storage technologies

across orders of magnitude in either power or

energy capability. However, with sufficient care in

the definition and sufficient accuracy in the

measurement of Ragone plots, they may serve as a

realistic conceptual tool for the actual design of

energy 
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IFIP/IEEE International Conference on Very Large

Scale Integration (VLSI-SoC), 2016. The Ragone

chart is a pictorial representation to express the

well-known the trade-off between available energy

vs. power of different classes of energy storage

devices (ESDs) like batteries or supercapacitors.

The plot shows the trends towards greater specific

power for batteries and specific energy for

electrochemical capacitors (arrows), blurring the

boundaries between the two as the trends approach

Thermal energy storage can shift electric load for

building space conditioning 1-4, extend the capacity

of  This tradeoff between discharge power and the

useful discharge energy is shown in the - in .

Ragone plot Figure 2b. Each of the rate -capability

curves becomes a single point on the Ragone plot

a??the power comes
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The Ragone plot is an essential tool in the realm of

energy storage, particularly for evaluating the power

capabilities of various energy storage devices,

including batteries providing a visual representation

of the relationship between specific energy

(measured in watt-hours per kilogram, Wh/kg) and

specific power (measured in watts per kilogram,

W/kg), the a?|

SCs are the high power density electrochemical

energy storage devices, occupying the top left

quadrant in the Ragone plot of energy density

(amount of stored energy in a certain mass, W h kg

a??1) and power density (time rate of energy

transfer in a certain mass, kW kg a??1) (Gogotsi

and Simon, 2011).They have a very long-life cycle

and a high degree of flexibility in a?|

More importantly, the Ragone plot highlights the

range of energy-to-power ratios, represented by the

discharge duration  Ragone plot of hydrogen

storage systems based on LaNi 5 and NEC:

influence of hydrogen buffer volume. Continuous

lines: base case; dotted lines: buffer volume halved

with respect to the base case; dasha??dot lines:

buffer 
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Energy storage and environmental protection are

the major challenges of the 21st century, the world

has to face.  While for battery and latent heat

storage device, the normalized Ragone plot is 

To compare the power and energy capabilities, a

representation known as the Ragone plot or

diagram has been developed. A simplified Ragone

plot (Figure 3) discloses that fuel cells can be

considered to be high-energy systems, whereas

supercapacitors are considered to be high-power

systems. Batteries have intermediate power and

energy 

Ragone Plots Two primary figures of merit for

energy storage systems: Specific energy Specific

power Often a tradeoff between the two Different

storage technologies best suited to different

applications depending on power/energy

requirements Storage technologies can be

compared graphically on a . Ragone plot Specific

energy vs. specific power
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Download scientific diagram | Ragone plot

describing energy storage technologies in terms of

energy density and power density. Diagonal

perforated lines represent different characteristic

times.

The Ragone plot is a graphical representation that

shows the trade-off between the energy density and

power density of different energy storage devices.

This plot is commonly used in the field of energy

storage research to compare the performance of

various technologies and to identify the most

promising candidates for specific applications.The

energy density of a a?|

Ragone plots are a useful aid to compare the

performance of different energy storage devices.

For batteries, the energy is typically plotted against

the power for a constant power discharge. It is

typically assumed that the terminal voltage is fixed.

This paper extends the analysis of a Ragone plot to

understand how the formulae derivation for the

Ragone plot of a a?|
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