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THE CHESTER project and the consortium pﬁ§®
Objectives )
- 1) Design and experimental test of a tecnalia ) sz
CHESTER (Compressed Heat Energy o ) , ———
STorage for Energy from Renewable Ulster ? EQIQI'I__G_!'
Sources) system University
) PlanEnergi
- 11) Study integration case studies for ‘#7
N 4
Renewable Energy System LR AIGUAS OL"
« |ll) Develop an energy management Sa UNIVERSITAT ce®®
tool for the integration into existing A E‘é"‘ﬂ?&ﬁﬁi Iren

grids
) —_ ) % University of Stuttgart
« 1V) Develop business cases and an [T #5 Germany
explotaiton roadmap for the technology GHENT

UNIVERSITY © ENCONTECHBL.
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2) Thermal Energy Storage

3) ORC cycle
(Power Production/discharge)
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Advantages over other Energy Storage Systems

* No geographical constrains
« Low temperature heat recovery (waste heat, geothermal, solar heat..) increases round trip efficiency

* High flexibility with regards to energy sources and sinksuse o 4
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Availableener [ EpergyDemand | I ——
PV Solar Wind Heat Elec Power Re-charge* P 9 9y

High High Medium Low High Medium Storage of electric energy (mainly).
Low Low High High High Heat and electricity. Can provide domestic heat.
Medium Medium Medium Medium High Low Heat and/or electricity. *Re-charge of pit storage.
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Conclussions from the numerical studies [l

e Heat source should provide hot water between 40-60°C up to 100°C. Heat sink system must
absorb heat from the ORC’s condenser at a temperature between 60°C to 10°C.

e Set-up should be able to provide the possibility to evaluate different capacities and level of
charge for the LH-TES and the SH-TES (independent control of heating sources and
sinks)

e HTHP and ORC systems, must be able to operate in part load conditions in order to
achieve a full validation of the charging and discharging procedures of the CHEST system.

e Environmentally friendly refrigerants should be used ( in study, Butene and R1233zd(E)).
Other promising refrigerants: R1224yd and R1336mzz(E) (adequate when considering a PCM
melting temperature of 133°C and for small-scale compressors and/or expanders).
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Inspiring

System component |) High Temperature Heat Pump , HTHP tecnalia ) sz CHESTER

Storage for Energy
from Renewable sources

* Experimentally validated (Qy, in range 9-40kW) - ..

. 7 . o B0 pm
*Variable compressor speeds (800-1500 rpm) : g 4 , | @ e
*Heat source (water) inlet T: 70 - 100°C 8 ® R ° B P R B 2
*Heat sink (water) outlet T : 100 - 150°C S 8 L N I ".\ 340 e
s 8 a . o .o
;: 1 8 8 n:x i & .ﬁ.
* First experimental tests for compressor with R-1233zdE - . $ [rwscr0-n0% A ol ™
. c - Y fom: 200, 1100, 1500 ‘ . .
* COPy in range 3-5 for Ditlif in range 20-60 K e e : 111 [%
.. . . 1o 5 & 83 90 w10 10 n % & W @ ) )
» Good compressor efficiencies and stable operation Temperature evap wates in, ['C) ATy in K
= hj o . . COMPONENTS s gy TRET i) © SEESEESEET
- O . ? E 3 p—y e
ole U _ © Compressor Viking HeatEngines Pistén, bow
= o0 -2 P HBC 511 511cc
el @ Evaporator SWEP V200THx70
CH
e 1ES e 'yf =i Condenser SWEP B320HTLx100
= e e Subcooler B86HX50
e - W RN L Refrigerant R-1233zdE (HFCO)
- A L o A v i S
e LS Exp valve Siemens MVL661.15-1.0
..... s . ;&' . ®
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System component |l) The PCM Thermal Energy Storage (TES) 4#7 CHESTER

from R ewabl

* LH-TES: design optimized with thermodynamic model
*PCM: KNO3 - LINO3 / Fin: Al6060 / Tube: 16Mo3
*Eutectic-Mixture PCM with melting temperature 133 °C
*Sim. Parameter: Nr of heat exchanger tubes and diameter
» Compared 4 different fin designs

Minimum heat cutput

Heat output

Temperature
-

HTE H peM

* SH-TES: Taylor made design
Charging time used as design criteria ' — :
*Designed for 4 hours charging time
*minimum volume of 1.667 m3 per single tank

15 Case 1: Case 2.
15 Multiple pass Typical discharging characteristic Single pass
5
=
=
Q
g Case 2
2
L Clmin
Case 1
1 State of charge
..... 8
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System component Ill) The ORC System [?] GHENT CHESTER
* Refrigerant selection based on simulated performance UNIVERSITY O P
* DR12 (R-1336mzz(E)) is the selected refrigerant s ) : 18
* Optimized performance for 133°C source heat temperature ! = (s Sy s . "&_ 3
g RSl
* Viking Heat Engines compressor selected ** '. AT . = ”g
* Piston expander with 15.5 kW, nominal power output i » ) ik
* Good part load operation and able to work with HFO | ® . :
* Tested with 4-9 kW, el for AP between 12-19 bar N - o
R245fa A YRR
18.79 1.08
31.46 1.51 s -
22.03 1.23 | 1r0-1336maz(E)
18.07 1 =507 ¢ evap = 33.87 bar
20.04 112 ,
25.36 1.23
— = 2083 _ _ _ _ S 7 S Sl 12
_ _ 2095 _ _ _ _ _ 142 _ _ _ . 2 ,,
14.67 0.51 . : ————
° 1.0 11 1.2 13 14 15 16 1.7
** 0.74 Entropy. = (k/kg-K)
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R12332d(E) WO R1336mz2(E)

e
A R e Troaroe = 133°C
E w1 msinc L w
& o Tos & 123°C  po = 230 bar
g 900 i ©wo
e ® g ‘»
@ 0
» &0
HTHP Tant 40 e 32000
0 il /
° o
ors on 1 138 A "

Entropy [kJIKgK] Entropy (kJikgK]

W_" , Storage Circa 160 kWh
3,;# HX-Config. Vertical tuve pairs
_”(?P‘m L JJ gﬁ Efftuve length 3 m

: o = A

v

PCM mass Circa 4400 kg

LH-TES

':E“ +
CHESTER

from R ewabl

SH-TES

Codd tank
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CHESTER Prototype: first full cycle testing (ongoing)
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Conclusions CHESTER

» Flexible CHESTER Storage system is able to store heat and power.
« The individual components of the system been tested individually:

« 15kW, HTHP with R1233zd(E). COP,, between 3,5..6,2 for AT, -1 between 40 and 65 K

« 160kWh PCM LH-TES with a storage density of circa 70 kWh/m3

« 15kW, ORC with R1336mZZ(E). Tested with AP=12-19 bar obtaining 4-9 kW,

« The ongoing charge/discharge tests of the full scale lab system are the first experimental
proof of concept of the CHESTER system

CHESTER Publications

[1] Trebilcock et al. Development of a Compressed Heat Energy Storage System Prototype
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