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IDEA & CONCEPT

Design and realize a Solar Sorption Cold Storage based on a
Zeolite/Water pair

Define an assessment procedure to characterize the SCS
Test the system and the procedure
Analyze the data

Improve the prototype and the assessment procedure
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SUMMARY

Sorption Cold (Heat) Storage requirements and constrains
(FULL SCALE)

Lab Scale system sizing and design
Lab Scale system realization
Tests

Discussion on results
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HOW SHOULD IT WORK?

May
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lQadsorption
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APPLICATIONS

1: Cooling of Telecommunication shelters trought solar heat T ;

2: Booster for air-conditioning systems

+

=y O
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REQUIREMENTS & CONSTRAINTS
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SYSTEM REALIZATION
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DESORBER/ADSORBER

A
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4 @ - 28 % respect to the design (6.17 kg)
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SYSTEM REALIZATION/2

Phase Changer

Cu/SS finned tube HEXs

SS chambers

Design nominal power: 3.5 kW

Measured evap/condensing Power: up to 3 kW
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MONITORED
PARAMETERS

* Tin/out Adsorber

= « Tin/out Phase

Changer (CON/EVAP)

§ « Tliquid phase into
Phase Changer

e Adsorber loop flow
rate

» Phase Changer loop flow
rate

o Adsorber pressure

» Phase Changer Pressure

o Tshell

e Tambient
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SYSTEM REALIZATION/4 - Dimensions

- Jverall dimensions [mm] 250 X 553 X 774
@ [Internal dimensions of the
& shamber [mm] 240 x 543 x 769
-‘C—) Cover dimensions 308 x 613 x 10
) -2 X % ’* pipes for the connection of the hydraulic circuits
U :Onnections on the cover -1 XY Connection for the thermocouple
<E -1 x DN 16 vacuum flange for the connection of a pressure sensor
-1 x DN 16 vacuum flange for the vacuum circuit
i : -2 x DN50 connections for the connection with the phase changer (or 2
Connections on the chamber : .
phase changers in case of future expansions)
Material AISI316
CT) Dverall dimensions [mm] 304 x 177 x 298
) |nternal dimensions of the 302 x 175 X 296
¢ :hamber [mm]
eat exchangers x copper/SS tube-and-fin heat exchangers
H hang 4 /SS tube-and-fin heat exch
6 -2 X % ”* pipes for the connection of the hydraulic circuits
Connections on the chamber: -1 X ¥ connection for the thermocouple
% front -1 x DN 16 vacuum flange for the connection of a pressure sensor
c -1 x DN 16 vacuum flange for the vacuum circuit
_C Connections on the chamber: -2 X DN50 connections for the connection with the adsorber (or 2
N_ lateral adsorbers in case of future expansions)
Material AISI316

@
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Features

TESTS - Testing bench description
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Variable flow hydraulic pumps

High accuracy sensors

Pressure drop measurements
Simple/heat recovery cycle
operation

16 kW electric heater (@95 °C MAX)
0 — 20 °C LT simulation ability

15 - 50 °C MT simulation ability
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TESTS - Assessment procedure description
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Tcond i i i
L \ 10-18°C |
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8 | e g
© . . é
U‘ fi  85-95C | | |
 TowTTaes 30-35°C |
/ \ Tads = Teon Desorber/
Tamb—d | l Adsorber

CHARGING PHASE ' DISCHARGING PHASE
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TESTS - Assessment procedure description
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TESTS - Assessment procedure description
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TESTS

Assessment

fescription

Cold storage

Discharge power

o
J. mpccp(Tin,pc _Toul,pc)dt

(oP) PD == . W]
eV
Stored Energy (.
(SE) SE = J.O mpccp (Tin,pc _Tout,pc)dt [\Nh]
Storage Energy SED = SE | Wh
Density (SED) M. georben kg
Storage efficiency ,[ M;Co (T pe — Tour,pe )t
™)

m dsc (Tln ads out,ads )dt

0

Long- term heat storage

Discharge power

tagsorption
J; madscp (Toul,ads in, ads)dt

(DP) PD =
tadsorplion

Stored Energy [ tadsorption M

(SE) SE = -[0 M€ P (Tout ads |n ads )dt[Wh]
Storage Energy SED = SE Wh
DeHSIty (SED) madsorbent kg

tadsorption -
Storage efficiency n= J‘o Mags p( out,ads — in ads)dt

m

thes
J.O madscp (Tout,ads _Tin,ads)dt

Short- term heat storage

Discharge power
(DP)

teond tagsorption
PD = I pc [ (Toul pc m pc)dt + J' : madscp (Toul ads |n ads )dt
toong +1

cond adsorption

Stored Energy
(SE)

teond tadsorption
SE= J.o mchp( out,pe 'n Pc)dt +J. | madscp (Tout ads ~ lin ads)dt[\Nh]

Storage Energy
Density (SED)

SE_[wn

madsorbent kg

SED =

Storage efficiency
(U]

teond ‘adsorption .
J.O mpc p( out,pc |n pc)dt +J. Mg p(Tout ads ~ lin ads)dt

tes
0 madscp (Tout,ads _Tin,ads )dt

PD =
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TESTS —Results  AvERAGE POWER DURING STORED COLD ENERGY.
DISCHARGING PHASE:
<590 Wh
Up to 520 W <132 Wh/kg
Test Cycle HT _in ADS_av MT_in LT_in | t_charge | t_discharge Delta W_disch E
A - °c i€ € ’c s s ’c w wh
‘é 3 1 88.59 3491 33.91| 14.93 3600.00 3600.00 18.98 415.86 418.86
8 2 88.57 34.66 33.55| 15.27 3600.00 3600.00 18.27 387.60 396.22
E 4 1 89.49 33.93 33.66| 14.72 4500.00 4500.00 18.94 342.38 452.46
% 5 1 89.35 34.14 33.56( 20.08 4500.00 4500.00 13.48 405.92 521.66
% n .'(3 6 1 89.37 34.35 34.03| 19.90 4500.00 4500.00 14.13 475.69 590.91
o "E [75) 2 89.38 34.20 34.12( 20.42 4500.00 4500.00 13.70 493.24 571.34
g[ 6 8 7 1 87.11 38.32 38.15| 19.84 4500.00 4500.00 18.31 424,15 556.47
Zo (@} C_G 2 87.38 37.39 35.59| 19.86 4500.00 4500.00 15.74 373.29 491.33
ﬁ) o) = 1 85.67 3491 33.65| 19.68 2700.00 2700.00 13.97 518.86 428.61
é E 8 8 2 86.56 36.68 33.00( 20.44 2700.00 2700.00 12.56 487.86 401.91
(&) S o 3 87.41 36.57 31.54| 21.28 ENEINENLEN 2700.00 10.26 481,91 399.15
0n WO 1 89 12 i S
G| g« = P
D A . = - — R o
‘ E L il Lz 5292 16.20 2700.00 2700.00 l6.7¢2 T
GCJ 27 1 89.83 33.87 32.89| 16.22 3600.00 3600.00 16.67 222.16 204.98
= 2 89.92 33.59 32.67| 16.45 3600.00 3600.00 16.22 181.55 170.90
..|q_) )8 1 89.23 32.18 28.62 21.08 2700.00 2700.00 7.54 367.07 265.69
= 2 89.31 32.66 26.27| 21.86 2700.00 2700.00 4.41 406.00 395.31
O 1 89.91 31.24 2954 17.18 2700.00 2700.00 12.36 426.69 351.09
8 29 2 89.94 31.06 29.11| 17.39 2700.00 2700.00 11.73 385.13 312.74
3 90.18 30.81 29.07| 16.90 2700.00 2700.00 12.17 344.90 263.36
30 1 88.99 40.85 405201795 3600.00 3600.00 22.17 201.96 108.14
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TESTS - Result o o
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. . > T "0 g
@ Discharging Time: 45 — 60 mins =300 P i 600 g
O s’ N &)
c ’
' T LLLL LA
_g Ll 200 ,/ ““9‘%ll"- 400 o
100 +—apeet— 200
| 600 1200 0 ‘ | 0
2 8 13 18 23
2 500 5 1000 :
o Evaporation Temperature /°C
2 ——— i,
:22 :gi 400 “~~ ~ 800 E < Energy 90/30/XX Energy 90/35/XX
% as 300 K \‘\ 600 o + Power_90/30/XX Power 90/35/XX
ol s \ :
5 200 TEE S S—— — 400 < i
@ ", ....\\
100 200
L
6 0 I I I I 0 4‘
20 25 30 35 40
Condensation Temperature /°C @
Y
< Energy 90/XX/17_2700s ./ Energy 90/XX/17_3600s L [
+ Power_90/XX/17_2700s Power 90/XX/17_3600s
.7 TH’—'m“. Frrax

8th Expert Meeting Task 53, Masdar City 29t October 2017



%
SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY

AGENCY

‘ @ Consiglio Nazionale delle Ricerche

TESTS —Results

TARGET

112 Wh/kg
~ 400 ki/kg

Energy /Wh

& TECNOLOGIEAVANZII"FA\EEPEF:SI_TIIE-II-\IL:E-II;{%IIDAI =
Tm 3 {{’F NICOLA GIORDANO INO=
- 28 % respect to the design
MASS
Thermal Losses OVER-ESTIMATED
600 = 1200
T A Sty SO - 1000
400 ] —+ 800 =
~
300 +— 600 o©
$ S
)
200 $ 400 =
%
100 200
0 "%%0 3600 | | 0
2500 3000 3500 4000 4500 5000
Time /s

> Energy 90/35/15 Energy 90/30/17
+ Power_90/35/15 Power 90/30/17
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A 15% improvement in
storage efficiency could be
obtained by improving
thermal insulation or
reducing the amount of
metal

sensible heat metal

(for example, choosing a
B cy!indrical shape With very
adsorbent  thin wall or replacing
stainless steel with
lightweight non-metallic
materials)

. @ Consiglio Nazionale delle Ricerche

desorption heat
62%
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CONCLUSIONS

O A sorption cold storage system, using FAM Z02 Zeolite, for application in
telecommunication has been designed, identifing the following desired
performance and boundary conditions:

2 kWh cold storage capacity, 1 kW avg. power, charge @95 °C,
discharge (cold useful effect) @ 10-17 °C.

O A reduced size lab scale system has been designed, realized and tested.

U A tentative assessment procedure has been defined and used to partially
characterize the lab scale sorption cold storage system (- T48).

@ Consiglio Nazionale delle Ricerche

‘ O Results showed that the system realized and tested is capable to deliver up
to 500 W as avg. cooling power at the selected operating conditions and to
store up to 590 Wh of cold. Accordingly the energy density measured is
400 kiJ/kg (112 Wh/kg).

L More tests and improvements are needed.

‘
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NEXT ACTIVITIES

' Tests on long term storage (1 week and more)
' Improve the testing station = Long Term Tests
8 Codify the procedure (ANNEX 30?)

' Test new composite materials (SWS family)

8 Investigate corrosion issues
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Heat storage: Vermiculite/LiCl - water
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First experimental results: Average
heating power c.a. 350 W for about %2
hour. Peak power 1.8 kW. Energy storage

density: 164 kWh/kg_ads
(theoretical 417 kWh/kg)
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