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There is a well known trade-off in the design of packed rock beds:
A reduction in the total exergy losses

in a CAES system can be achieved if
instead of servicing a certain storage
duty with a single packed bed, as it is
generally done, the duty of the system
iIs divided into n smaller parts and
each one of those duties is serviced
with a smaller packed bed

The reduction in exergy losses can be
achieved because it is possible to
customize each one of those
individual packed beds for the
specific duty they will see.
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A Trying to generate a more realistic power duty, with %23
motivation on the day-to-day variations found a whole o
week was analysed. 22
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The figure to the left shows the power profile
(duty) which will be used for the modelling. This
power profile is normally referred to as the

Aoriginal signa
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s The packed bed is sized in accordance to the cycle

with the largest energy content, regardless ifitis a
50 | 1 charge (blue) or discharge (red) cycle :

m=F*Size / (Cp_rock*(T_high-T_amb))
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The plot above shows the energy content in each of

the cycles of the Nnori gi
integrating the profile between crossings at zero.
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The figure below shows the exergy efficiency of the 800 | [ -

. : . Exergy
different cases. The best design achieved an Aﬁ\] > Losses
efficiency of 88.25 % , calculated as exergy output / < 700} 1
exergy input. é‘g’j
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The first approach
studied of how to
split the signal was

to do a Fourier
analysis of the
original power
profile to obtain its
frequency
components or
harmonics.
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Figure above shows an example of what the 4
duties look like. A very simple grouping of

harmonics is illustrated:
Low: 1 and 2 , Med- Low : 3,4 and 5
Med-High : 6-10 , High : 11-336
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The first attempts at optimizing were carried out with Ma t |
optimization toolbox allowing the optimizer to fi p 0wt the 1012
coefficients but to no avail. Perhaps the number of variables was
the cause for it to not work.

08} -
o
A function that generates the 336 coefficients for each one of the %
4 signals was developed. The highlight of this function is that it § 06 v
uses only 6 variables : 3 s p landt3 evérlap widths . o 2nd Store
= 3rd Store
o 04 F I | 4th Store | |
Harmonics 1st Store 2nd Store 3rd Store  4th Store 5 | | |
1 1 0 0 0 S | | |
2 1 0 0 0 Y : | : l
3 1 0 0 0 | | |
4 1 0 0 0 I I |
5 0.99 0.01 0 0 o L ! ! -
6 0.56 0.44 0 0 Splitl Spltz | sSeit3 | |
7 0.05 0.95 0 0 0 5 10 15 20 25 30 35 40
8 0 1.00 0 0 Harmonics
9 0 1.00 0 0
10 0 0.99 0.01 0
11 0 0.78 0.22 0
12 0 0.43 0.57 0
13 0 0.11 0.89 0
é é é é é
336 0 0 0 1
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Even with the splitting function in place, which requires only 6
variables, fFminconowas unsuccessful at finding an optimum
solution (minimum total exergy losses) for this problem.

Splits Overlap Widths
F1 1 W1 0.5
F2 2 W2 0.5
F3 7 W3 8.5

8 1 1 1 ] ] ]

Load (MW)

— — — Packed Bed 1
Packed Bed 2
Packed Bed 3
Packed Bed 4
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Reference Case : 1 Packed Bed & Original Load

Geometric Parameters Exergy Input Total Exergy Losses
Packed Storage Exergy
_ Mass of Heat Pressure Exergy Heat Pressure Cold -
Bed Size Diameter Height Radius Total Total Efficiency
Rock Transfer Drops  Output Transfer Drops End

1 110.88 | 5,756E+3 | 7.705 | 77.05|0.0525|423.03 | 401.87 | 21.17 | 373.29 | 21.72 21.17 6.83 [49.70| 88.25

Best case after optimization with frequencies approach :

Geometric Parameters Exergy Input Total Exergy Losses
Packed Storage Exergy
_ Mass of _ : : Heat Pressure Exergy Heat Pressure Cold -
Bed Size Diameter Height Radius Total Total Efficiency
Rock Transfer Drops  Output Transfer Drops End
1 83.03 4310 7.00 |69.97|0.026 | 83.36 | 83.04 0.33 80.70 1.31 0.33 0.01 | 1.64 98.03
2 89.53 4647 7.17 71.75] 0.029 | 89.92 | 89.54 0.38 86.89 1.48 0.38 0.01 | 1.87 97.92
3 40.81 2119 5.52 55.22 | 0.039 | 168.31 | 164.04 4.28 159.16 4.08 4.28 0.25 | 8.61 94.88
4 34.45 1788 5.22 52.18 | 0.055 | 217.67 | 207.35 | 10.33 | 198.13 8.56 10.33 0.80 [19.69| 90.96
Total |247.82 | 12863.68 559.27 | 543.96 | 15.32 | 524.89 | 15.43 15.32 1.07 |31.81

Exergy Losses are reduced by 36% ; however the required mass of storage
material increased by a factor of 2.23
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A A percentage of the energy contained in the original
power profile is defined for each of the signals.

A A cut-off power is found so that the packed bed meets
the established energy value. As it can be seen that
power value changes from one cycle to another.
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