m 0000000

FEATURE : New Energy Technologies

gogog

Jodbodotdboobdbtubdboubgbubgn

Development of Thermal Energy Transport Systems Used on Direct
Contact Latent Thermal Energy Storage Technology
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Kobe Steel and Kobelco Eco-Solutions have developed a thermal energy transport system for utilizing low-
temperature factory waste heat. We employed a direct contact latent thermal energy storage technology
using PCM (Phase change material) to achieve high efficiency thermal energy storage and equipment that is
light in weight. Experimental studies using a 1-tonne thermal storage cassette, showed that the thermal
energy of 9000 can be recovered. The studies showed that this method was applicable to air conditioning in

absorption refrigerators.
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Fig. 1 Future vision of waste heat transport system
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Fig. 2 Concept of shell & tube thermal energy storage and direct
contact thermal energy storage
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Fig. 3 Fusion temperature and heat of fusion of PCM
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Fig. 4 Thermal energy storage (TES) experiment system of PCM
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Fig. 5 History of temperature and heat input in thermal storage
operation
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Fig. 6 Relationship between time of thermal storage and T1 and
flow rate of thermal medium in thermal storage operation
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Fig. 8 Relationship between average value of heat output g2 and
input water temperature and flow rate of thermal medium in
thermal recovery operation
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Fig. 7 History of temperature and heat output in thermal recovery
operation
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Fig. 9 Transportation test system of thermal energy

gooooo

sg00oooboooooobboooonDn

npooooooooooooboboboooonog
gobobobobooooooboobobobobooo
000000O0O00O0oO0O0oOoooOoOoooOn 400kg
goooboobogooooboboooooboogoo
stggbooooboobooobooboobboon
gobobooobooboobbooboobboobd
goboooobooboobbooboobboobdg
goboooobooebuoon
gooooooooobooooooooieooboon
gogoooobuo-—-0oobobooboobboobg
goboooobooboooboboobboobbooobg
goooooboobooobobooboobbooobg
gobobobobooooooboobgoboboooo
gooboooboo

12 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 56 No. 200 Aug. 20060



00000o000o0oo0oo0000000000nononooon
00000000o0oo0000000000000000
00000o000oo0oo000000000onononooo
00000-0000000000000000000
00000o000oo0oo0oo0000000000onooon
00000000ooo0o0o00000o0oDnonoooo
00000o000oooo0oo0o000oooooonooooo
000 TalODOOOODODOO Ta20000000
00000o000ooooooooooooD—-00000
00000000000 TPIOOTPI3DOOOOOO
0000000030kg0 0000000000000
0000000000000 ooooooooon
15.8¢/min00 00 0 11.4¢/min00 0 O O TP100 76.10
00000000o0ooooooDoooooooooo
00000000 TaldTa20 00000 Q0000
googi00000
0000000000000 0000 Ta200000
15500 000009%000000000000000
000000o00oo0oo000000000000onoon
00000000o0oo0o000000000000000
00000000oo0oo0o0o000000 18oMIO OO0
OO0 18kWwO OO0 0000000000000
0000000000 30kg0 0000000000
180 00000000000
3rO00000O0OOOOOQ

000000000 400kg00000000D0O0
000000 2000000000000000000
00000000oooooooooooooooon
00000000 mMO0mo0D skmO0O0O0O00O0O

Flow rate of heat mediumO 15.8¢/min, Input water temp.[] 76.10
® Inlet temp. of thermal storage cassette Tal
4 Qutlet temp. of thermal storage cassette Ta2

— Qaut
T

T T T 250
Outlet temp. T2

1200

Qould (MJ)

Il Il
00 05 10 15 20 25 30 35
TimeO (h)

00 000D0000DO00DmMDOO00D300kgO0000OO 76100
Fig.10 Thermal recovery property of thermal storage cassette
(PCM 300kg and input water temperature 76.100 )
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Fig.11 Thermal recovery property of thermal storage cassette after
transportation on road
(PCM 400kg and input water temperature 37.200 )
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Fig.13 Result of air conditioning experiment with thermal storage cassette and absorption refrigerator
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Table 1 Reduction effect of CO, emissions by experiment

Unit Study
Operating time h 34
Average cooling output kw 6
Total cooling output MJ 73
;I’:;ga:l recovery energy of thermal storage MJ 295
Reduction of LPG m? 1.96
Reduction effect of CO, emissions [J kg-CO,/Cassette | 10.8
Mileage of truck (Light oil)(Assumption) km/¢ 45
Cassette weight t 15
Distance of both ways (Assumption) km 10
CO, emissions by truck O kg-CO, 5.9
Effective reduction of CO, emissionsl O O O 0| kg-CO,/Cassette | 4.9
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