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Low Temperature Regenerative Desiccant Dehumidifier
for DRY ROOM®

Takahiro Akiyama * Masayuki Kawaoka * Takeshi Kawakami * Hitoshi Inaba

ABSTRACT

The objective of this study is energy conservation of low dew point rotary desiccant
dehumidifier by effective use of low temperature waste heat. First, dehumidification
performance of single-stage rotary desiccant dehumidifier which has been developed in
previous report under condition of low regeneration temperature (60 and 80 deg C) has
been examined. As experimental results, developed dehumidifier has been able to
provide high dehumidification performance approximate to a conventional (140 deg C
regeneration) single-stage rotary desiccant dehumidifier. As results of annual energy
simulations, it has been estimated that utilization of recovered waste heat (recovered as
85 deg C hot water) for regeneration heat source of developed dehumidifier will reduce

the annual energy costs of dehumidification over 40% in comparison with conventional

dehumidifier.
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(a) Conventional dehumidifier (b) Developed low temperature regenerative dehumidifier

Fig. 1 Application example of desiccant dehumidifier for DRY ROOM®
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(a) Test equipment of developed dehumidifier
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(b) Example of experimental result

Fig. 2 Schematic of performance test for developed dehumidifier
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Fig. 3 Experimental dehumidification performance data of developed dehumidifier
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Table 1 Basic conditions for annual energy calculation

SPECIFICATIONS OF DEHUMIDIFIERS

: SA 15,000 m¥h, RA 13,500 m¥h
(RA/SA=90%)

: <0.0242g/kg(DA) (DP<-50°C)

: 0.233g/kg(DA) (DP-30°C)

Table 2 Heating energy sources for each calculation cases

[CASE-1] Conventional dehumidifier ( 7r=140°C)
Steam boiler
-0.5 MPaG steam supply
[CASE-2] Developed dehumidifier (7 z=80°C)
Heat pump
-85°C hot water and 7°C chilled water simultaneously supply

-Air flow rate

-SA humidity ratio
-RA humidity ratio

-SA temp. © 16°C (controlled by AC/AH) -Total COP=4.5 (Heating COP=2.75, Cooling COP=1.75)
-RA temp. 1 23°C [CASE-3] Developed dehumidifier ( 7z=80°C)
-Pre-cooled air temp. s 12°C Waste heat in industry

-Recovered as 85°C hot water

HEAT SOURCES
-Heating

. Described on Table 2

-Cooling . Chiller

(7°C chilled water supply, COP=3.5)

OPERATING CONDITIONS OF DEHUMIDIFIERS
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-Annual operating time
-Outdoor air conditions

ENERGY UNIT COSTS
-Electric power
-Steam (0.5MPaG)

1 8,760 hours (24 hours x365 days)
: Monthly average weather data of Tokyo

(Details are described on Fig. 4)

;12 yen/kWh
. 4 yen/kg

—
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Fig. 4 Outdoor air condition for energy calculation

[CASE-2]

. [CASE-1] [CASE-3]
000
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Unit cost of supply air = 0.0596 yen/m?

Unit cost of supply air = 0.0428 yen/m?

Unit cost of supply air = 0.0334 yen/m3

(a) Conventional dehumidifier (7;=140°C) (b) Developed dehumidifier (T;=80°C)

Fig. 5 Calculated annual energy cost
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(a) Conventional dehumidifier (7,=140°C)

Fig. 6 Calculated annual heat consumption

(b) Developed dehumidifier (7;=80°C)
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