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Trend of vehicles
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m Excess of waste heat
m Lack of waste heat
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Excess of waste heat from
internal-combustion engine
Jrvehicle
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Drive
20%

o)
o

Combustion Friction
<—\>Exhaust-Gas from Energy Loss 10%
. LallrgelDie?eI Engine Engine body L.
@Radiator from Large DE

|
| Rad, DE | |
Rad, Gasolie E‘ ‘ Exhaust Gas L.

| 30%
Ex-G, Gas E __|

Ex-G, D | Fig. Automobile waste heat potential
Q @ (up) Energy balance, (left) Temperature
distribution

Ref: Suzuki, K.; “Map 11: Technology Road Map for Thermal Energy
200 400 600 800 Management in Vehicles,” HONEBUTO Energy Road Map, pp. 105-113,
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Lack of waste heat for EV,

Electric vehicle, EV
ELIICAIKeio Univ. http://www.eliica.com/blog/

Plug in HybrldEI PRIUS

PHEV, Toyota
http://jafmate.jp/sp/pluginhv02/page2.html

Toyota FCHV (FCHV-4), Dec,2002

http://response.jp/issue/2003/0513/article50835 1.images/51654.html|
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Thermal energy storage for middle
temperature
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Potential demands of thermal energy storage
for middle temperature, 100-300°C

m Vehicle thermal energy management for

efficient fuel use and reduction of CO,:
— Utilization of excess exhaust heat

— Lack of heat source for cabin air-conditioning of
electric and fuel cell vehicles

— Reduction of time period for Cold-Start

m Heat sources: vehicle engines, cogeneration
engines, fuel cells, industrial processes
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Chemical thermal energy
storage for middle
temperatures




Possibility of chemical thermal energy

storage
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Fig. Map of volumetric
density on thermal
energy storage of energy
materials vs. operation
temperature (chemical
change is based on
product considering
practical particle vacanvy.
Temp. of 1000 deg. C is
assumed for combustion
and battery.)

Ref. Y. Kato, "HONEBUTO
Energy Road Map”,
Kagaku-kogyo-sya, Japan
(2005)
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Example of chemical reaction for
middle temp. heat storage
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o
hihunds

Hydration —=—

MgO + H,0 = Mg(OH),

-<—— Dehydration

Heat storage

AH= —-81.0kJ/mol
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Metallic oxide, chloride
reactions for chemical heat

| storage

s MgO+H,0- Mg(OH), for 350°C
m CaO+H,0- Ca(OH), for 550°C

m CaCl,+mM,0- CaCl,.nH,0 for <100°C
MO+CO, -> MCO;

m Ca0+CO,- CaCO, for 850°C
m PbO+CO, - PbCO; for 450°C
MCl,+/NH5 -> MCl,.NH;

m BaCl,+8NH;- BaCl,.8NH;  for <100°C
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Survey of chemical
reactions for heat storage

MO+H,0 -> M(OH), Pio=f(T)

F)
« = MOI[H,0] _ Fuo P,=1.01x10° Pa
[M(OH),] K,
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Metallic oxide/H,0O

Temperature, T [°C]
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Metallic sulfate/H,0O

Temperature, T [°C]

(300200150, 190 50
N\ @ -— (1) ZnS0,.6H,0/H,0

@ z050,.1,051,0 |WARNLO, 4 / nHZO
(3) CuSO,/H,0
— (@) CuSOj.HiO/ZHZO CuSO 4
-— (5) NiSO,.6H,0/H,0 :
(6) CoS(;14.6I—T20/I—|220 N ISC)4
CoSO,

=
-
o

=
o
TTTTTT T T TTTTT

=

=
fr
S,
@)
AN
I
ol
)
| -
-
7))
n
o
al

o
|

2.5

Inverse temperature, 10007 [K-1] Yukitaka Kato, Tokyo Tech 13




Heat storage density
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Working temperature expansion
for 200-300 °C heat recovery

Dehydration (decomposition)
process corresponds to heat storage
MO, (H,0), - MO, + nH,O

MgO/H,O
with high-reactivity
+
Chemical materials having
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Fig. Chemical Equilibrium Lines of Metal

oxide/water reaction systems

J. Ryu, R. Takahashi, N. Hirao and Y. Kato; J.
Chem. Eng. Japan, 40 (2007))4k8k=1886. Tokyo Tech
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