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Pump Heat Project

Performance Untapped Modulation for Power and
Heat via Energy Accumulation Technologies

Aim of the project: to increase the flexibility and
operative range of Combined Cycles through
integration with HP and TES

Two different layouts
- CHP configuration
- Power Oriented configuration
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Pump Heat Project

Power Oriented configuration
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Cold Thermal Energy Storage — Equipment description

TES ENERGETIC PARAMETERS
Energy stored 100[kWh]
- [ Cooling time 4[hr]
Mean cooling power
D \\ (discharge) 25[[kW]
of N
TES charge |discharge 1| discharge 2
Tin  ([°C] -2 12 20
6 ® Tout [[°C] 1.2 9.4 16.8
m  |[ke/s] 2 1 2
Q [kW] 25 10 25
® @
)

==, ;,

vmse | 180 KWhn Lola Inermat knergy storage: Experimental assessment



Cold Thermal Energy Storage — Experimental ca
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e Tdi = density inversion temperature

* Tn = nucleation temperature

Visualization of dendritic ice growth in

supercooled water inside cylindrical capsules
Sergio Leal Braga, Juan José Milén
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Fig. 1. Water freezing process.



Cold Thermal Energy Storage — Experimental campaign

mass flow = 1,2 kg/s Tin =-6°C Fluid direction = bottom to top

Thermal Energy Storage Temperatures
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Cold Thermal Energy Storage — Experimental campaign
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Cold Thermal Energy Storage — Experimental campaign

- Same Tin, same directions, different mass flow
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Cold Thermal Energy Storage — Experimental campaign

- Dynamic response — TES DISCHARGE

\ . \ \ . -10 T . w \ :
bl Step Response
o 1ot u(t) = mass flow
S : controller
C a0 1 Ta0p - Y(t) = thermal
207 * power output
00 2("JO 40IO 660 860 1 OIOO -400 260 40IO 660 860 1 OIOO
t[s] t[s]
T—— _

4 Model Output: y1

2° ord
(complex poles)

File Options Style Channel Experiment Help

Measured and simulated model output

PID Tuning

/Kp 1
Ti 1

NEGATIVE

f1: 72.31

Transfer Function 2
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Conclusions and discussion

UniGe ‘ E@

Cold Thermal Energy Storage:

v Dynamic response and PID tuning - ONGOING

static equipment useful to be integrated in industrial / energy processes
v TES Charge with different process variables performance evaluation
v’ Characterization of the equipment (TES CHARGE) - ONGOING

Discussion:

* TES DISCHARGE characterization: what should be
the best way to approach it — e.g. specific industrial
application requirements?

e Control strategies for dynamic control of the power?
There should be a «universal approach» that let to
handle with this case considering also TES SOC /
load characteristics?

180 kWh Cold Thermal Energy Storage: Experimental assessment
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Cold Thermal Energy Storage — Equip—~=* 2~~~

. ~ TN ~
pipe length 2,8|m
pipe external diameter 0,016(m . R __
fin external diameter 0,036/ mm S D oag | e
fin thickness 0,0004|m TS, )
number of fins for each meter 333[1/m 5
minimum distance between pipes 60[mm
number of pipes 211[-] - ,_ |
. . T2 thamral | &= [—
vessel internal diameter 0,96|m s TG | mercnsn
PCM volume 1,86/m3
e 3
n 211 finned pipe
@e 18 mm -
h fin 10 mm - e rermal
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Cold Thermal Energy Storage — Equipment description
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Cold Thermal Energy Storage — Experimental campaign

Performance comparison

- Same Tin, same directions different mass flow
- Same mass flow, same directions, different Tin
- Same mass flow, same Tin, different directions

Tin [°C] | mass flow [kg/s] | direction
A |-6 1,2 Bottom to top
B |-6 0,9 Bottom to top
C |-6 1,8 Bottom to top
D |4 1,2 Bottom to top
E |-6 1,2 Top to bottom

UniGe ‘ E@

180 kWh Cold Thermal Energy Storage: Experimental assessment

20



Cold Thermal Energy Storage — Experimental campaign

- Same Tin, same directions, different mass flow
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Cold Thermal Energy Storage — Experimental campaign

- Same mass flow, same directions, different Tin
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Cold Thermal Energy Storage — Experimental campaign

- Same mass flow, same Tin, different directions
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Cold Thermal Energy Storage — Experimental campaign

- Same mass flow, same Tin, different directions

Thermal Energy Storage Temperatures

Uniue | o

180 Kwh Cold
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