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Absorbent Without crystallization
Working pairs price Concentration maximum (%) Capacity Temperature requirement
(Euro ton™) (kg absorbent kg solution™) (kT kg™ for heat driving (°C)
LiBr/H,0 6,000 60 1,535 74
LiCl/H,0 3,400 46 2,922 68
NaOH/H,0 300 53 3,442 84
CaCl,/H,0 140 45 628 50




BEZ s RER Bk  BB55= Sl » B3 : AEREREIS TN LT 157

2 (AR EER AR S TR AR Z R M EEER (R B )

IR S (ST B RAS
* [ERE(&Sa) AT K * KRR
o TAERIE HE 7 « BREM TR RS EE
e ° ﬁ%gﬁ;ﬁﬁﬁi ° ﬁ%g’ﬁﬁﬁﬁ
7 * BR M N BT RS o U & M ] B R P K
< HigehtE - BHDUSERE] * fEfEG Bl
* AR %N

B HEBOFAFRNNEERY)—F - @
—BRta AR R EAEER - HAES B -

H R e ] AR [FE Rz 4 & A
G - SRR IR R 4R R SR TR - BT
TERSIE Ry USRI - HESE R AR » R IE
BEETOIERD - (EfSEE T RESR Bt
KRG RIR % » HEEFRAS R R R/ N2
oy Ty s R NS BLE s 8 Bt
bR - NS AR S s - BS5 5
Tolitec /=] (1 B JHI 5t 58 TH B+ R HG B LiBrif
7K Wt T L ] - HH &S AT 22 ECholine
glycolate ~ EMIM OAc - DEMA OMsHYEET- /K
#S o HBPKEYIRIGGR I (BEJ1)/Z A LIBrA - I
TR KIR U A S S LiBrE - B H A4 F A
FORTE BRE B i LiBriEf s MK > i Lis bk
TR e e M R s S T - U R A E
RS, o LullEETIREG Z o T4 RE A E 6 B
T ARG AT R & R S s I R HLAEE Y
BT R

104 Choline ¢
EMIM 0AYEO12t
v
2084 DEMA OMs \
. []
=4 R P
n
& 081 U
5 Choline OMs KB
Choline Iacbt‘e v
£ 04] . «
I +
-
| ]
% do v 4
; 0.2+ LI ] ¢
! “
l'. .,v ¢ ; .
e o Te30'C
0042 4

T T L T T L) T T L]
02 03 04 05 08 07 08 08 10
Mass fraction of water w,,

T T
00 01

&S5 R A LB/ OE P E] (Beyersdorff
and Schubert, 2012)

[ o
1+
Ho~N HO\)LO,

Choline glycolate

| 9
~UNH, —5°0
[o]

Diethylmethylammonium

- methane sulfonate
MW=179.21 MW=183.27
CH;
~ o * Q /CHs
-~ A, §F
N V (o} k O\,CH;,

1-ethyl-3-methylimidazolium

acetate
MW=170.21

CHa
1-ethyl-3-methylimidazolium
diethyl phosphate
MW=264.26

[E6 T REe Ly TaEEl T B RS

)

3. IRMYTUEEIR R IR

AR IR I X BS R B AN 8 7 o > LB
W22 A1 > AR I T {5 P 5 R RE S PRI R 2 3%
s 7K ZRSR > 8 IR B 2 78 AR PR HA 5
E o BB AR VKB BB R EEEHGR
WA > DL I SE DGR (E - — R T A4
B - —RS TR B o DARE RO THESE
I > [FIRR ] L2 STl - DABE— IR S5 FE
ZREE RS R heas o VAR MBI > SEplf < Bl
BAIERF  290REEESATR - R
AR R Z R CE R A LU E) > AL
R R FAE & R THI A 2 BASHgs o Af I (E
BFPR > IRBEANSRIE YR B2 28 > AT

Wi A BB K A e R R R e Y IR 2 ELRE(E
MR EH Ry A B TR B i - SR

B AR R ARIR S - HATEA
IR B 3 2 ST {58 FH O R B R Ry B 1B > HLAE90°C
FACRE T - SRR 849 2A17wt% (Gang
et al., 2016) > FrLA1 kg PRI E Sm i~ =%



158 SEERHET F°E

Adsorption chiller

Cooling tower

FTH DERBI08F6S

Hot water tank

A: Adsorber
C: Condenser

E: Evaporator

V: Valve

@7 (HR e

Impregnated anhydrous salt

Porous host matrix

Thermal jacket

Vapor channel
@8 IR 2 R E (Yu ef al., 2014)

A= {E4384 kI/kg » HBUKE T EEETHRE G
W B FRIBITSE > HhL gt A R A L ] 5 R
Bt AR FLIR o > — 77 T ] A o 5 B A o R
d > 7 T e AR ) B i 2 T T B
Hirm o HEPER ORI R AEE - S5 Freni e
al. (2016) LLEE R Ay U5 AR I o 17 25 IR T 1
1R IR S 2 2 - AEOFTR > w2
& HLICI-Silica & BUAFHE oI M EL FHER (V2 1)
FCEH Y S 2 B A > I ZEF630 ki/kg
e AR HY 25 35 VB BLE 1,109 kI/kg > &Y RK
2,266 kI/kgHy—=F » AES R RIER B R

b
-

2 |5 F[E (Pan et al., 2016)

Evaporator
/Condenser

Water tank

Water pump

REVRHE Y —  RARW A S RIS 2 G2
FIRHELTRABHZE o WP 202 28R By mT 2L
HOmRRTE - SRR S EE RS L RIVER
AR/ DI TR R E L BRI R AR R4 E
F > R E R LRIV EBERINL > NEE R
RS o

EEEEEA 24000 > Freni er al. (2016)
{#H FHAQSOA FAM Z0234 75 » BU{F H kg i =y
BIEE S B L BRI (Palomba ef al., 2017) 5 B
EntE B R ARE0C ~ ZEESAEI0C ~ 5
BERE30°CI - HAES B EL) /5244 kI /kgHifs



RES  RER B9k 2555 © SISE SR - FAEREN /SRS T B35 AT 159

cop

&
)
oé‘ &
2 &
&o &
&
&

B9 A [EHE SR BT 2 P S % % LLHR B (Freni ez al., 2016)

S IR - (BAE ARSI AR E 4R
KERSEEAES - R I M RIHI 5 3K &
ARSI Mo i E 22 RASE o bR T BLEEI L
B AE S A RN - Bl S tb R AR 2 &
B 1% 5 Z5(Metal Organic frameworks, MOF) »
EAEHERRE  hNEEARERER
FLRR/INAT SRR ME - s PR R AR B = 2 S
W& - LT TR 2R EER - Pl ER

Fraunhoferbf 7¢ BL{iz B ¥ 5 RAYMOFH#ETT 734t
(Henninger et al., 2017) » #1[E10F/R~ > T3
MOF i EE 7 [ 5 LR it 88 A0 L (4 b7 e B 2]
mHETE o 281 H Al B A TS 2R A E IR
Mg E A B A E SR E - EEGES
BRIEZE PIRYRT 2SR - (82 R ET R R AR
HrAIMOFAHE R ARV U)ARL - HHE SR
R TR 7 AU A I e v AR AR 2 ] e

Schematic structures of reviewed MOFs MIL-100(Al), aluminium fumarate, CAU-10-H, MIL-101(Cr) and HKUST-1 (from left to right).

10 % FEMOF45ERE(Henninger et al., 2017)



160 SEERAT FE FTH PERB108F6H
3 B BEMOFRH 4% (Henninger ef al., 2017)
S Pore volume Max loadin Average
MOF Metal nodes Linker BET 3 € HoWater-A
[m/g] [em’/g] [e/e] [kJ/mol]
MIL-100(Al) Al BTC 1,814 1.14 0.5 43.4
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Heat Driven Cold Storage System

Chih-Hao Chen'" Yu-Hao Kang®  Jiun-Jen Chen'  Shih-Yun Yen’
Pen-Chang Tseng® Ming-Shan Jeng’

ABSTRACT

High peak load will be one of the main obstacles for Taiwan moving forwards green renewable energy
and nuclear-free homeland. The ice storage system is one of the feasible ways for shifting the peak load of
air conditioning electricity. The traditional ice storage system used solid-liquid phase change materials as
storage medium, but the volume of the system is too large to be applied. Moreover, the thermal resistance of
ice and the heat exchanger damaged by thermal expansion contraction are the main issues for the traditional
ice systems. Heat driven air-conditioning systems (HDAC), such as absorption or adsorption chiller
systems, not only can use the latent heat of liquid-gas phase change as a storage medium significantly
increasing the cold storage density, but also can store the cold energy at the ambient temperature. All
of these advantages make HDAC have enormous potential to replace traditional ice storage systems.
According to references mentioned, the absorption chillier prototype test results show that the energy
storage density is about 200~400 kJ/kg. The values are almost the same level to the traditional ice systems.
Because of the low sorption capacity of absorbent or desiccant at low regeneration temperature condition
(<100°C), the storage energy density is actually lower the highest theoretical one. On the other hand, if
the heat source come from solar, the cost, volume of the system and undulate heat supply will decline
the competitiveness of HDAC systems. The adsorption chillier has lower storage energy density than the
absorption chillier due to solid adsorbent with low adsorption capacity. However, though impregnated
with salt absorbent, the composite desiccant have a highest theoretical storage energy density of 600 kJ/
kg. In the future, developing a new absorbent regenerated at low temperature, like non-crystallized ionic
liquids, can improve the performance and the maintenance costs. The liquidity advantage of absorbent let
absorption chillier is suitable to apply in large-scale cold storage systems. Simultaneously, Metal Organic
Frameworks (MOFs) which can regenerate in the low temperature and have high adsorption capacity also
make the adsorption chillier competitive. Nevertheless, the non-mobility of solid desiccant limit the system
applications and suits for the small or distributed cold storage systems. When the new low regeneration
temperature absorbents and adsorbents are developed, HDAC driven by the high efficient and stable heat
pumps significantly will increase the market competitiveness.
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