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ABSTRACT

Takasago Thermal Engineering is a company that celebrated its 100th anniversary in
2023. Since our founding in 1923, we have designed and constructed air conditioning
equipment and system for many facilities. To meet the needs of customers and society,
we have continued to develop technology and provide new products and customer value.
This report introduces the transition in our development system and the progress of
development in the main technology fields, as well as makes recommendations regarding
the direction and outlook of technology development for the future.
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ABSTRACT

Our initiatives in design, construction, and operation at the Takasago Thermal
Engineering Innovation Center were recognized. In 2023, we received the Award for
Distinguished Technologies Category in the Building Mechanical Service System Category
from SHASE (the Society of Heating Air-Conditioning and Sanitary Engineers of Japan).
In addition, we received the Carbon Neutral Award Grand Prize from JABMEE (Japanese
Association of Building Mechanical and Electrical Engineers) and the ASHRAE (American
Society of Heating, Refrigerating and Air-Conditioning Engineers) Technology Awards in
the Commercial Buildings Category (New), and more. A summary of application details

and evaluation points for each award will be provided.
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ABSTRACT

Takasago Thermal Engineering Innovation Center was completed in January 2020 to commemorate the 100th
anniversary of our founding in 2023. The design concept of this building is "sustainable architecture that achieves
both reduction of global environmental load and improvement of intellectual productivity".

We have adopted an architectural design that allows natural ventilation and natural lighting while aiming for
solar shading and high heat insulation. In terms of equipment, we have introduced energy-saving systems such
as desiccant outdoor, radiant, and individual air conditioning. In addition to solar power generation, we have
introduced biomass gasification power generation and large-scale storage batteries as renewable energy.

Furthermore, we pump up groundwater and actively use it for air conditioning.
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ABSTRACT

The Takasago Thermal Engineering Innovation Center will start operation in March
2020 and will be in its third year in 2022, with the aim of becoming an energy-sufficient
research facility that reduces environmental impact and improves intellectual productivity.
During this time, under the constraint that reverse power flow into the grid was not
possible, in April 2021, we added a large-capacity storage battery and started operation in
order to effectively utilize renewable energy. In this report, we evaluated the operation
status of the building's supply/consumption of energy, including the operating status of
renewable energy and storage batteries, for two years after completion. Based on these
operational results, we have confirmed that the entire site has achieved Nearly ZEB, the
office building has achieved "ZEB", and CO2 emissions have been carbon neutral.
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ABSTRACT
The establishment of energy demand prediction methods, is one of the issues in our
research in which we aim to develop an energy self-sufficient system for buildings. In this
paper, we applied long-short-term memory (LSTM) to power demand forecasting and
evaluated results by conducting case studies. The results showed that it is possible to
predict power demand using features of date, outside temperature and building operation.
In addition, it was shown that the prediction accuracy would improve by adding the Roof

top unit operation as a feature.
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ZERO WATER BUILDING EVALUATION AND
CONSIDERATION AT TAKASAGO THERMAL
ENGINEERING INNOVATION CENTER

Kosuke Osako', Uwais Roslan', Katsuhiko Shibata', Naoki Aizawa', Masayuki Otsuka®

ABSTRACT

To achieve carbon neutrality by 2050, Japan's Basic Energy Plan positions renewable energy sources, such
as solar power, woody biomass, and geothermal energy, as important domestic energy sources. Although
energy and resource self-sufficiency has been touted as part of this transition, concrete examples are
lacking. The Takasago Thermal Engineering Innovation Center, which was completed in January 2020,
has achieved an energy-self-sufficient system by combining renewable energy sources such as woody
biomass gasification power generation, solar power generation, and geothermal water utilization with
storage batteries. This report presents an overview of the equipment, water use, electricity, and thermal
energy performances of the facility throughout the year. In addition, owing to the increasing interest in
water resource conservation and reuse, this report proposes evaluation methods for zero-water building
(ZWB) in relation to geothermal water and water utilization.

1. INTRODUCTION

The importance of building facilities to achieve carbon neutrality by 2050 is increasing, as buildings must
be environmentally friendly with a focus on energy conservation and use of renewable energy while
maintaining a comfortable environment inside the building. In the areas of water supply, drainage, and
sanitary facilities, zero-water buildings (ZWBs) are attracting attention as buildings that not only save
water and recycle water, but also recycle water resources to reduce the burden on the water supply and
sewerage infrastructure. Under these circumstances, the Takasago Thermal Engineering Innovation Center
(Fig. 1) was constructed in conjunction with the relocation of the former Technical Research Institute,
based on the design concept of "a sustainable building that both reduces global environmental impact and
improves intellectual productivity," and was completed in January 2020. This report provides an overview
of the facilities and achievements of the groundwater heat utilization systems. The ZWB of the facility
was estimated based on the definition provided by the U.S. Department of Energy. In addition,
interpretations of the use of groundwater heat are discussed.

——

Location Tsukubamirai City, Ibaraki Prefecture, Japan
Site area Research Facilities
Building area 22,746.18m

Extended bed area |7,129.74 mi

Total floor area 11,763.97 m

Number of stairs 2 above ground, 1 in tower

Building Height 15.455 m

Structure steel construction, RC construction in part

Construction period |February 2019 - January 2020
Fig.1 Takasago Thermal Engineering Innovation Center

This article is update of “The 48th International Symposium on Water Supply and Drainage for Buildings (CIB W062), August 29-31, 2023,
Leuven, Belgium.”

1 Takasago Thermal Engineering Co., Ltd.

2 Kanto Gakuin University
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2. BUILDING OVERVIEW

2.1 Building and Facilities Overview

The facility consists of two main buildings: an office building (area of approximately 4,750 m?) with an
exhibition area, café/restaurant, office space, and a laboratory building (area of approximately 6,050 m?) for
experiments and analysis. The office building was arranged around a four-axis layout, and the fagade was
designed to match the heat and light environment in each direction to effectively take in the prevailing wind
from the northeast and create a facade that is in line with the environment. Changing rooms, toilets,
conference rooms, etc., which do not require natural ventilation or views, are located in corner areas, and high
windows are used to reduce the solar load to the maximum extent possible. The interior and exterior surfaces
of the roof slab were insulated to reduce the heat load. Fig. 2 presents an overview of the facilities installed to
achieve ZEB. The building has achieved a significant reduction in energy consumption through the use of
natural energy to reduce the air-conditioning load in the building plan and the introduction of advanced
facilities, such as latent-sensible air conditioning. Photovoltaic power generation, combined biomass heat and
power generation, and storage batteries have been introduced as renewable energy sources, while groundwater
heat and water have been effectively used to reduce CO, emissions.

Active -use of

Utilization of High efficiency of
natural energy

Energy'storage | qhewable energy equipment system

desiccant air conditioning, high side light, solar power
radiant air conditioning etc. natural lighting / ventilation z Satt

i ificati storage batte
natural ventilation, louyers storage battery g el g =

F-——b————— power-generation---=--1 (expansion)

E 1 C’ R2r

- = [

b
: “J‘ Rir
Yy  _2n

1ee
I

ofﬂce T Atrium ofﬁce co-creation Iab
cafe restaugant entrance co-creation Iab
n weII

Extractlo well InJect|®
[ combined heat and power [ <---- storage of electricity
Use of groundwater EV car power supply
Groundwater heat (disaster response) <— heat supply
( garden X office bld. equipment exhibition lab bld. field

Fig. 2 Overview of equipment installed for ZEB

2.2 Certification

In acquiring certification under various evaluation systems, the company achieved a BEI of 0.09 and a BELS
rating of *5 Nearly-ZEB (BEI = 0.33 if energy creation is excluded). In the CASBEE-Wellness Office (WO)
evaluation, the building received an S-rank certification with an overall rating of 86.6 points, and in LEED v4,
the building's comprehensive environmental performance evaluation received a gold certification of 72 points.

2.3 Evaluation of Energy and CO; Emissions

Simulations of the office building based on ASHRAE90.1 2010 for the former R&D center yielded a design
value of -130 MJ/sqm/year compared to the baseline value of 421 MJ/sqm/year, with 131 % energy savings.
The actual 2021 records show a further 14.3 % reduction in the proposed value through continuous
operational improvements. Furthermore, the power generated by the PV panels and biomass CHP units would
reduce the primary energy consumption to -263 MJ/sqm/year, or 162 % savings compared to the baseline,
achieving the status of net ZEB (Fig. 3).

An aggressive use of renewable energy sources and a highly efficient system set-up and operation yielded an
operational carbon emission of -159 t - COy/year (-33.4 kg - CO»/sqm/year), conferring the status of “Zero
Emission” to this building (Fig. 4). (The CO» emission baseline unit is 0.457 kg - CO»/kWh according to the
Tokyo Electric Power Co.).

FREEA ) N— 3 2 —# No.37 2023.

60



60

288 T a0 1 O POWER COMSUMPTION
x no O OTHERS & T
> 300 “.48.5% 162 % (net) HEQUIP §_
g 200 mDHW 32T mPV
Q 100 OIFANS 3 .1
> 0 g o ;
= OLIGHTS
S -100 1 454 Y. = PUMPS 2 —. [7 BIOMASS CHP
@ -200 + “131%(net) g 207
S 300 | B HEAT a t a
z 301 -130 mCOOL 2 40 1
-500 : : Bpv S Ba ]| meum
ASHRAE 90.1 PROPOSED MESUREMENT H BIOMASS CHP
BASELINE o SUM MESUREMENT
Fig. 3 Primary energy consumption Fig. 4 Operational CO, emissions.

As a result of the above operational achievements, the center has been recognized as the leading facility for a
carbon-neutral society in Japan and has received the Academic Award from the Society of Heating, Air-
Conditioning, and Sanitary Engineers of Japan (SHASE) and the Carbon Neutrality Award from the Japanese
Association of Building Mechanical and Electrical Engineers (JABMEE).

3. GROUNDWATER HEAT UTILIZATION SYSTEM

This section discusses the groundwater heat utilization system of the installed facilities. This system
effectively utilizes groundwater heat and water, which contributes to energy and water conservation and
carbon neutrality.

3.1 Overview of the groundwater heat utilization system

This facility uses groundwater heat and water effectively. Fig. 5 shows a schematic of the groundwater
utilization. The system has two wells—a pumping well and a return well-both of which are approximately 150
m deep. The pumping and return wells are almost identical; however, the return well has a backwash pump to
prevent blockage. Fig. 6 shows a schematic of the water-return process. Groundwater pumped from the
pumping well is used for floor radiation at the entrance, daytime outdoor air conditioning, radiant air
conditioning, etc., and is subsequently used as the heat source water for the water-source heat pump unit in a
three-stage heat cascade. A portion of the heat-utilized groundwater is used for miscellaneous purposes, and
the remainder is returned to the ground through a water return well.

®Direct Usage System Pump ~ ®Cascade Usage System Pump

Desiccant Outdoor-Air Processing 1
Unit, DCFCU, Task Desk —I|

Direct Usage System Il

) (1st Use) \I
Cascade Usage System I——- | Radiant Air-conditioning, DCFCU I
1 Water Source Heat Pump Unit 1
Extraction Pump I“A (0th Use) . (2nd Use) ,l
Iron & Extracted qJ====1=-=- - I_nje;ti(; P_um_p _______
Manganese | | Water Storage njection Non-potable Water
Removal Tank Tank Tank Sewer
@GW Supply Pump @Backwash Pump
Extraction Adsorption Chiller Injection
Storage Tank )
Well ® Plﬂ%lp (Waste Heat Usage) Well

Fig. 5 Overview of the groundwater heat utilization system
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Fig. 6 Overview of injection well

Fig. 7 shows the actual groundwater heat use in FY2022. The amount of cold heat is the sum of cold heat
from the direct groundwater heat utilization system, cascade utilization system, and cold heat from heat pumps.
“Groundwater Heat” in Fig. 7 is the amount of cold heat used by exterior air conditioners, radiant panels,
personal air conditioners, and individual air conditioners with water heat sources. “Heat pump” is the amount
of cold heat produced by air-source heat pumps. Groundwater heat accounts for approximately 65 % of the
total annual cold heat. Groundwater heat was used for cooling from April to October, and the system COP
during this period was 7.5 for the groundwater heat and 3.9 for the heat pump, confirming the energy
efficiency of the groundwater heat use (Fig. 8).

70,000 ==Heat Pump 35 120
= B Groundwater Heat Heat Pump ® Ground water Heat |
= 60,000 —A— Groundwater Temperature 30 100
5 —O— Outside Temperature
+ 50,000 25 = 580 ' Py
g / \S\ S 5 . s e
S 40,000 20 % o
2 A%—A» AV 5 g 0 .
© 30000 | o S AL 15 § % °
=1 2 S —
3 I Q o 40
g £
it 20,000 10 K
kS 20
S 10,000 5
S
0 0 o1}
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Fig. 7 Quantity of cold heat Fig. 8 SCOP value

3.2 Groundwater Use and Water Balance

In this building, tap water is stored in a receiving tank and supplied to the building; groundwater is pumped
and used as heat for air conditioning; and a portion of the groundwater is used for miscellaneous purposes,
such as toilet flushing water. As shown in Fig. 9, the volume of drinking water was 600 m®/year. The
percentage of essential drinking and kitchen water was 53 % (320/600), and the remainder could be reclaimed
from groundwater. The well backup contained 20 m?/year of tap water. The groundwater used for air
conditioning was reused along with water for the experiments, hand washing and flushing of toilets,
backwashing of iron and manganese removal equipment, and irrigation, among other uses. The well water
used for the experiments, hand washing, toilet flushing, etc. amounts to 1,490 m*/year, which implies an
increase over the previous year. This was because of the increase in the number of experiments conducted in
the laboratory building. The volumes of tap water, groundwater, and sewage were approximately 600 m’/year,
25,430 m’/year, and 7,240 m’/year, respectively, making the discharge rate to sewage to approximately 28 %,
with the remainder 72 % recycled. The amount of water used for backwashing the iron and manganese
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removal equipment accounted for approximately 60 % of the total sewage volume, which could be reduced by
changing the backwashing conditions.

Experiments, Machinery, etc. (Lab. Bldg.) 260

Tap Wat

) b |:> Tap Water Supply System (Office Bldg.) 220 E>
e Hot Water Supply System (Office Bldg.) 100

Sewer

u 20 >
Experiment, Toilet, 7240
|:> Handwashing, etc. LBl E> ’

Air Iron and Manganese
Groundwater Conditioning |:> Removal Equipment 4,500
Backwash

25,430 24,760
> [Sprinkling Water 2,290

|:> Returning Water to 16.500
Injection Well ’

> Backwashing of
Injection Well

[ 670

Fig. 9 Diagram of the Flow of Water Usage in the Facility [m’/year]

3.3 Relationship between Groundwater Pumping and Water Use

Fig. 10 shows the amount of tap water and groundwater used each month. From April to October, when
the cooling demand is high, the amount of pumped groundwater ranges from approximately 1,200
m*/month to 4,600 m*/month (an average of approximately 3,100 m’>/month). However, from November to
March, when the cooling demand is low, groundwater is pumped for miscellaneous water usage, averaging
approximately 640 m*/month.

5,000

- O Groundwater Returned
4,500 ] OGroundwater Reused
4,000 OTap Water

3,500
3,000
2,500
2,000
1,500
1,000 -

0 [ Jofanfl

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Water Usage Volume [m?3]

Fig. 10 Monthly quantity of tap water and groundwater

From the above, the groundwater heat utilization system at this facility was shown to not only utilize
groundwater heat, which is renewable, but also to effectively use groundwater by reusing part of it after
heat utilization for miscellaneous water usage.

4. ZWB EVALUATION

While various ZWB evaluation formulas have been reported, this study focuses on analyzing and
discussing them in accordance with the ZEB evaluation method proposed by the U.S. Department of
Energy (DOE).
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4.1 Method for Evaluating ZWB

The definition of ZWB as stated on the U.S. Department of Energy's website is shown in Table 1. ZWB is
defined as a building where the sum of the alternative water use (AW) and return to groundwater (WR)
equals the total water use (WU). The ZWB attainment percentage calculation is simple: WU is divided by
the sum of AW and WR. The ZWB attainment rate is calculated by dividing WU by the sum of AW and
WR. If the ZWB formula in Table 1 yields a value greater than 100 %, then ZWB is achieved. In this
study, underground stormwater infiltration was not considered given that no facilities contributing to
stormwater infiltration were installed. In addition, some water uses could not be clearly sorted based on
the ZWB definition. Some interpretations of the various uses of groundwater are difficult and should be
examined in the future.

Table 1 Definition of ZWB by the U.S. Department of Energy

TERM DEFINITION
A sustainable water source not derived from fresh-, surface-, or groundwater
sources. Alternative water includes:

* Harvested rainwater, stormwater, sump-pump (foundation) water

* Graywater
AW Alternative + Air-cooling condensate
water use * Rejected water from water purification systems
* Reclaimed wastewater
+ Water derived from other water reuse strategies.
A net zero water building (or campus) uses alternative water sources to offset
the use of freshwater.
The amount of water collected from the building systems, such as green
Water . . ..
WR returned infrastructure and on-site treated wastewater, and returned back to the original
water source over the course of a year.
Total Total water use is the amount of water consumed within the boundaries of a
ota
WU water use building from all sources (potable and non-potable including freshwater™ and
alternative water) over the course of a year.
Zero Water
ZWB o ZWB = (AW+WR)/WUx100
Building

X ! Freshwater is water sourced from surface or groundwater such as lakes and rivers.

4.2 Results and Discussion of ZWB Evaluation
Each water volume in Fig. 9 is shown in Fig. 11, and Table 2 lists the calculated results of the ZWB
evaluation (Case-1).

Legend
®Groundwater (Experiment, AW:Blue
Toilet, Handwashing, etc.) : 1,470 WR:Green
@®Tap water: WU:Red
000 ®Sprinkling Water: 2,290

o i 4y FYYE | ‘
Y
. d Office Bldg. | | Lab. Bldg

@Backwashing of Injection Well: 670

| lron and Manganese Removal Equipment Backwash: 4,500 |

Fig. 11 Water and Groundwater Consumption in FY2022 (Case-1)
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Table 2 Calculated results of ZWB based on DOE (Case-1)

Term Unit Value Remarks
AW m3/year 0
WR m’/year 2,290  ®
WU  mlyear 9530  O+O+@+B+®
ZWB % 24

None of the alternative waters defined in Table 1 are applicable for water use at the facility. Groundwater
plant irrigation and stormwater groundwater infiltration were considered applicable to the amount of water
returned. Total water use was the sum of the groundwater used for miscellaneous purposes, including
drinking water, backwash water from the iron and manganese removal equipment and injection wells, and
sprinkling water. This resulted in a ZWB rating of 24 %. Given that no examples of ZWB evaluations for
facilities that use groundwater for heat and water, such as the facility considered in this study, have been
reported, and the definitions in Table 1 are not applicable, groundwater heat use was not included in water
consumption in this ZWB evaluation estimation. However, it is incongruous that groundwater pumped up
from underground and returned to the ground after heat use is not included in water usage. It is expected
that an increasing number of facilities, such as the aforementioned facility, will have diverse water use
methods, such as heat use of water. Therefore, it is necessary to discuss how to define ZWB for diverse
water use methods as soon as possible.

Consider the case in which groundwater used as heat in this facility is included in the calculation of water
consumption (Case-2). Fig. 12 shows the respective water volumes. Under the present conditions, the
groundwater used for backwashing of the iron and manganese removal equipment, and the groundwater
used for miscellaneous purposes were considered as alternative water volume, given that the water after
air conditioning used as groundwater heat is considered to be reused water. In addition, the amount of
groundwater returned to the ground through the injection wells after heat utilization is added to the amount
of water to be returned to the ground. The total water consumption is defined as the sum of drinking water,
groundwater used for heat utilization, and groundwater used for miscellaneous purposes, including
sprinkling water after heat utilization. As a result, the ZWB evaluation value was 72 %, as shown in Table
3.

Legend
®Groundwater (Experiment, AW:Blue
Toilet, Handwashing, etc.) : 1,470 WR:Green

WU:Red

@®Tap water: 1

| @Backwashing of Injection Well: 670 |

| @Air conditioning : 24,760

| @Returning Water to Injection Well : 16,500 |

| (Iron and Manganese Removal Equipment Backwash: 4,500 |

Fig. 12 Water and Groundwater Consumption in FY2022 (Case-2)
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Table 3 Calculated results of ZWB based on DOE (Case-2)
Term Unit  Value Remarks

AW m'/year 5,970 G+®
WR m’fyear 18,790  ®©+®
WU mlyear 34290 O+O+3+@+G+®

ZWB™ % 72
#: ZWB approaches 100 % if underground infiltration water from rainfall on the site is included in the WR.

In Case-2, both groundwater pumping and return water are taken into account, resulting in a 48 %
improvement in the ZWB value compared to Case-1. This is considered to be a calculation in line with
actual water use. With the increasing focus on efficient water resource utilization in the pursuit of carbon
neutrality, there is a growing consensus that evaluations should encompass not only water usage but also
heat usage, and should be more accurate for diverse water resources. In addition, because this facility does
not currently have rainwater infiltration facilities, this study estimates the rainwater infiltration water as
WR as zero. However, we believe that incorporating the underground infiltration of rainwater and
rainwater utilization will bring us closer to achieving a ZWB. By including the underground infiltration
water of rainfall at the site as WR, it is estimated that it will approach ZWB. As a specific improvement
proposal for ZWB, we are considering the utilization of rainwater storage tanks and the reuse of
groundwater used for water usage.

5. CONCLUSIONS

This study introduces a research facility in Japan constructed as a sustainable building considering the
global environment. We propose a new ZWB that can be applied to various systems, including factors
such as water heat utilization, rather than simply evaluating the ZWB from the viewpoint of water
consumption alone. We propose a new ZWB that can be applied to various systems.
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ABSTRACT

In recent years, an air conditioning and ventilation system for gymnasiums that covers
heat stroke prevention due to global warming and infection prevention when used as a
disaster shelter has become important. Therefore, in this study, a heating and cooling air
conditioning and ventilation system has developed and demonstrated at the Fujimigaoka
Elementary School gymnasium in Tsukubamirai City. The system consists of an all-
outdoor air operation type air-cooled heat pump outdoor unit and a vinyl balloon-type
diffuser, which efficiently provides heating, cooling, dehumidification, and ventilation
without affecting athletic performance. This report describes the results of the
demonstration in FY2022.
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ABSTRACT

Chlorine dioxide (CD) gas has been added to the decontamination agents list in the 2021 revision of
appendix B of the JIS K 3800 Class II biosafety cabinet (BSC). According to the described JIS standard,
1t 1s essential to install a recirculation loop from downstream of the HEPA filter exhaust to the cabinet
work area for CD gas decontamination. However, because CD gas is highly diffusible, satisfactory
decontamination may be achievable without a recirculation loop. In this report, decontamination
efficacy with and without a recirculation loop is evaluated to confirm the efficacies of both CD gas
decontamination methods. The results confirmed that the absence of a recirculation loop offsets the
benefits of short-term decontamination with CD gas. Additionally, they suggest the possibility of
negative effects, such as increased biosafety cabinet corrosion risk. For rapid successful
decontamination and maintenance of the BSC, it is important to ensure uniform gas distribution by
installing a recirculation loop for CD gas decontamination.
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ABSTRACT
In order to reduce the energy of NMP (N-methyl-2-pyrrolidone) recovery systems, which are used in
lithium-ion battery manufacturing plants, we studied the performance of a rotary concentrator that
works with regenerating adsorbent rotor at lower temperature than those currently in use. When the
rotor is regenerated at 80 “C and 70 °C, the concentrator has a removal efficiency of >95%, which is
the same performance as at 130 ‘C. Comparing the energy consumption during regeneration at 70 C
and regeneration at 80 ‘C under conditions that yield the same removal performance, it was confirmed
that regeneration at 80 C saves more energy. According to our trial calculation for a model NMP
recovery system, utilization of outside waste heat for regeneration will reduce annual COz emission by

19% in comparison with conventional recovery system.
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Verification of Humidification Performance
on Liquid Desiccant Unit in the Field Test
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FEIMBEZREG L TNDZ ETELSEHASNTWDN, ohnig H 8 g U TRAAERICH T 518
THAF—=NRENTZDH, COPEHED L 2D Y, £ 2T, B M & INEHIEM: 2 2T e 5= &
LTCbe— FRIMEE S ERINEESZ W INE S 2T AR SN TWDS 30, LA LeRn 5, KINE
OIEIEE LT, WEMTERT 2 EB[EDOIERRA T A LOREND D, EMHEROFEM, i
RO & 5 HANTINCHEM O 72 EOXPRBPITOITNDEN, ZD U A7 nEnr b RN 2 i &
TEo TN,
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— MR T TRUSFIRERFH CTH D720, AKX LY bIEE= L= Mxond D, — kel %
v KTV H v NEFY AT MIE 1 O X 9 ICBRIBE KON 217 5 ALEEES & BRIERE IS AR S 172 IR
Fl & JRfi T D AN DR SNV TW D, IRISTIEAICh 2L Y F 7 2K (LiCl aq.) 1 EXFREEH %
HLTWAZH, =L A2 N TOMEYSREEOBMZ M2 Hiv, M7 & OZRIGRE ObRED R
TE 5B, Lo L2eR s, LiClaglimWEBEREEZH T 5720 19, B g & BUE IS &M% 0k
B2 WD BEN DD, DT, BRI XA MRENE W I END -2, £7-. B2 R ORI 1322
A& LiCl aq. 34 2@ THIE S h b, Lo T KIEEME 2N 5 LiCl aqld, 22K &2 MEVE /-
TR ENT B 72O OEEZ + /3 I TEX APERITE & T AN H 5, LiCl aq. OTEERITENZ\WE EFAEHL
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AR CIXEN S 2RI 5720, B 1 RN OINTEEERESR T H o Kk EMaa oA (VX v KT v h v
h=+ b :LDU) ZHitHi4 5 Z & CHEREOHIEIL LDU 7L TIT 9 > AT A EAESE L, IMBIEGE D HLE
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2.1 LDU SRR /R

LDU OAIEX 2 B 2 |2, KR oMl 2 BE 112" §, LDU [ZKIREEMGES, f5ER AR v 7 #a KBS
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HidrZ L TCHAOZROMMMEEZHIE L, ADZEROWEKEE 2S5 2 & THOZEROWERIEE 2
422 LN TX 5, 7238, LDU TIIEROEL « mEANIEAITO /202 & B XM Eos) % (3%
T Z L L D,
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ik faKEE e
[ 2 LDU #ERRE EE 1 LDU SREMEB D8
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22 AREBESLUAR
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AREBHIRIL 2023 52 6 AD 11 HETE L, BE 227 ¢ —/ FRBREOSMEL. B 5 IR HEKZRT,
AGRBREE 134 L L LDU THERL SN TR Y . LDU @il D285 S iz 0 7 A& RICHHE S h
%, LiCl aq OTEERIT R IIMEIRERE L FANHRTH ZETREL, KDY X v 7oy N 2EHHik
D110 LT & Uiz, ARGEETIE, 7 4 —/L KRB O I HEER X ONBIEEDOMEFR D 7=, LDU O AN
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#FHIZ LDU |2 H D AERHEE O EE (50%RH) 2 AL, #lffl & —45 > FOFKEEIToT2, RIZT 7D
RIS L0 AE 2R L2, & LT, ADZEROEREE & FExHRE %2 AAFIEOmEKa A LB LW
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Q =3600x A xax /%va )
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3. RAEEABRAER

31 T4—)LFEER M D INIE 14 BE D AREE

TR 2 E LA &2 5 LDU OJNBMERE A REET 57, RKRKEEDK 11,000 m¥hr D7 1
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WIZBEEZRFET D72 AN ZER ARV ITE OIEEFIRIEL LT, HOEKORFRZLE2HE L
oo AOBIOH AR OGERIRE, FHEEDORMZE(LE R 8 (21, BRI 0 H 0 ZERIEE O
SR & AE R 72 30 13 24.820.1°CDB, FAXHEE X 50.020.4%RH & WO FEREMNE LN, L TE8 X
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%
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B & FRRICINB AR AR EWVIZERKENEL D 2 ERXbnDd, i, ADZERDOKEZIEIMEN
B, LiCl aq. B ZEKMNC B T 2 K EDSHEINT 5720 Th 5, AT, Bb) LV | HxhE %t
L CRKEITHBIBIRICH D Z E¥b oz, LLEOFEREN S, LDU TIEia /K& O ELFIHIHEIC X 2 A%
JEOFEENTRETH D = L MR LT,
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o
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7o, JAE 10,000 m¥hr (28T D 7 4 —b RO E KL 171 Pa TH Y, ABEOT > ha
— & — (JA&E 10,000 m*hr, 191Pa) L RIBETH-7-, LLEOFKEEND, LDU IXEAMHAEOREIC
FTx, 2B BB E 2SN e TH D Z ERbho Tz,

3.2 WA FOFRELEGER

LDU 7 b T D0 15 i~ 5 7o 60, /INERB IC WV Tl U 2 5% 5 HE L 0 iV 3.0m/s £CH
FT, BF o7 o T EFTOWR T E R—T 4 IV A —THIE LT, TOREEER 3 10T, &
3LV, LDUHNE®R LDV 7V TEFTOIZE W T 5.0 um ML EORIF-OIRBUI R S an 2 &3
Mmole, £lo, Vo7 U T EFTQ TR S VTR A B BIR ISR L2 & 2 A 0.0029 pg/m® Th
ST, THUTHR R— 20O (124 7 m?) 12k LT 0.0036 g DKL 2IFET DHEA L 720 | FEFITIE
VMETH 5, AT, R BR%ZICLDU Tl X 7 M &8I LT & ZABRITA L7 &6 | LiCl
aq ok T OTRENC L DX 7 FOER Y 27 1XEIE RV E S 2D, LLEOFER) L, LDU CTIXEZERIEE Ol
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MEEAEAT o 72, TORER. Bofiimz TRl L, ABOBRZIZOWTELKT D,
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0.5°CDB LA F. 0.5%RH UL FTH Y, INBEMIMENFHICBWNTH@EWINEHIEZ R Lz, £7-. g
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DRI 2 E L 7z, ) H R ERIREE O 1508 & AR 75 30 13 24.8 £0.1°CDB, FHXHEEE 1T 50.0£0.4%RH
L) REMTLE LERBENMIK SN, Z0OZ b, LDU IR OAMEENTS L, Evia
TEME R R 2 L BMER Lz, £72. BRI L TRAKEMZIZRFIERICH 722 L6, LDU T
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TRHIEE LB E T 5 2 & AR LT,
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Bt LI=—ARb b B 2%, £7-, LiClaq BIROREREIEM 2 A5 & LDU i@\ OISl &
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ABSTRACT

To develop a new humidification system that contributes to decarbonization, we have developed a
liquid desiccant unit with a compact and simplified structure by extracting only the gas-liquid contact
part from a conventional liquid desiccant air conditioning system. A field test machine with a rated
airflow rate of 10,000 m*/hr was installed in the outdoor air handling system of our Innovation Center
to verify humidification performance for use in general or industrial air conditioning system. The
standard deviation 3¢ of the dry bulb temperature and relative humidity of the supply air was less than
0.5°CBD and 0.5%RH respectively, regardless of the steady/unsteady state of the introduced air,
indicating high controllability of temperature and humidity. In the scattering test of lithium chloride
solution, no amount of scattering was found to pose a corrosion risk under a surface wind speed 3.0 m/s,
which is faster than the design value.
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ABSTRACT

Since FY2020, we have been participating in the Energy Recovery (ER) team of the
project "Development of Innovative Plastic Resource Recycling Process Technology"
supported by the New Energy and Industrial Technology Development Organization
(NEDO). We have developed basic technologies for surface modification of heat transfer
tubes for highly efficient waste heat recovery and for cold heat utilization for effective use
of low-temperature waste heat. We have also developed evaluation technologies for
integrated heat utilization systems from heat recovery to ice slurry utilization and have
studied case studies in various regions for practical application and social implementation
of the basic technologies, as well as verification of the evaluation technologies. This paper
presents an overview of the technological development in the ER team, focusing on the cold

utilization of low-temperature waste heat.
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ABSTRACT

Thermal mining, which directly heats lunar regolith and captures water vapor, has
been proposed as a method for mining ice in permanently shadowed regions (PSRs) on
the lunar surface. This method has a problem: it is difficult to heat the deep layer because
the effective conductivity of the regolith is extremely low. Therefore, we devised an
original method for mining ice in PSR includes the following steps: heat the deep layer of
the lunar regolith with a heater, and create a closed space surrounded by a thin ice wall
that acts as a shell for water vapor, fill the inside of the shell with high-temperature inert
gas to promote heating the icy regolith through convection and sublimate the ice, insert
a straw into the shell and suck up the water vapor and condense on the lunar surface. We
are currently investigating the feasibility of the above method from various perspectives.
As one of these, we examined the feasibility of forming an ice wall through numerical
analysis. First, by customizing OpenFOAM, we made it possible to simulate heat transfer
in the lunar icy regolith. Next, we used this customized solver to simulate heat transfer
when icy regolith was heated with a heater. As a result, ice sublimated quickly in the
regolith within 2-3 mm from the heater, and a dry region appeared. The water vapor
moved outside the dry region, recondensed, and solidified, forming an ice-rich region (ice

wall). Finally, we could quantitatively understand the mechanism of ice wall formation.
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ABSTRACT

A cogeneration system is attracting attention as a promising system for building a
resilient energy society. However, micro cogeneration system with power generation
outputs in the tens of kW range have not been widely introduced in the market because
they have a major problem such as low generating efficiency. The authors have developed
a new 50kW-class micro cogeneration system that achieves the world's highest level of
power generation efficiency, with the aim of expanding its installation target to existing
small to medium-sized buildings. This report describes the details and results of the
system development, as well as the peripheral tools that were developed.
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ABSTRACT

In the mid-1990s, molecular contamination control was required in addition to
conventional particle contamination control in clean rooms for semiconductor and hard
disk manufacturing. Trace amounts of acidic and basic gaseous substances derived from
outside air taken into clean rooms have been pointed out as one of the factors that cause
molecular contamination. Therefore, in 1997, we developed the chemical washer T-GET®
to remove soluble gas components from the makeup air, and launched it on the market.
T-GET® was required to achieve low pressure drop and downsizing while maintaining
high gas removal performance. Since then, we have continued to meet customer needs by
improving the performance of T-GET® through model changes. And we are currently

continuing to introduce it to our customers.
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