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Summary

This project aims to develop an off-line heat transport technology using waste heat generated
at municipal solid waste (MSW) incineration plants, with the goal of reducing CO; emissions
from energy use and creating a regional circular and ecological sphere.

We are targeting magnesium hydroxide Mg(OH),/ magnesium oxide (MgO) as a chemical heat
storage system, focusing on their endothermic and exothermic reactions by dehydration and
hydration.

Waste heat at MSW incineration plants is used for dehydration of Mg(OH),, and the
transformed high-energy MgO is transported to other facilities for use.

These facilities utilize heat generated by the hydration of MgO, and after heat generation, the
converted Mg(OH) is returned to the MSW incineration plants. The cycle of heat absorption
and dissipation is repeated.

To evaluate the system for practical use, we will conduct a demonstration test to place exhaust
heat recovery equipment at MSW incineration plants and heat utilization equipment at spa
facilities in distant areas. The chemical heat storage materials will be transported between the
two locations.

This is the second year of this project, which started in the third FY of Reiwa.

The main results of the fourth FY of Reiwa are as follows.

1. Implementation plan for demonstration test equipment

1.1 Review of the system design

In the first year, we designed heat recovery equipment consisting of a reactor filled with
chemical storage materials (MgO/Mg(OH),) and a high temperature dry air inflow device to
recover 1 GJ of heat in four days (8 h/day). We also designed a heat-radiating system to release
the recovered heat in one day (8 h).

In the second year, we revised the plan to recover 0.25 GJ of heat in one day (5 h) and also

release the recovered heat in one day (8 h). The major reasons for the change are as follows.

(1) Recovery of 1 GJ of heat requires four days, while the heat release is completed in one day,
resulting in a loss on the heat recovery side due to the time difference between the two.

(2) To release 1 GJ of heat, the scale of the heat-radiating system would have to be huge, with
a reactor large enough to hold about 500 kg of MgO and a blower for approximately 60
Nm3/min of circulating gas. These requirements would entail a large cost and a large site
area for installation.

In the revised plan, there are two reactors, each with a heat dissipation capacity of 0.125 GJ.

They are placed in parallel, and the circulating gas is provided to one of the reactors for 4 h,



and when the reaction is completed in that reactor, a valve is switched to provide gas to the
other reactor for 4 h, giving a total of 8 h of heat dissipation. The amount of circulating gas is
thereby reduced to 6 Nm3/min, enabling the scale of the heat-radiating system to be downsized.
The heat recovery of 0.25 GJ/ day remains the same as that of the original plan (1 GJ in four
days).

1.2 Design and partial installation of the heat recovery system

A high temperature type gas-air heat exchanger is to be installed on the upper part of the
secondary combustion chamber of a MSW incineration plant; clean air can be fed into it to
produce dry high-temperature air at 350 °C, which is needed for dehydration of Mg(OH) (heat
storage). The clean air fed into the exchanger is first preheated to about 200 °C using heat from
exhaust gas generated at the plant. The heated air from the exchanger is sent to the reactor
filled with Mg(OH); to convert it to MgO by dehydration.

To date, the project has been completed up to the installation of peripheral piping, excepting

the high-temperature heat exchanger.

1.3 Design of the heat-radiating system

The heat-radiating system consists of the following parts: a reactor filled with MgO, a blower
to feed 90 °C air containing moisture to cause an exothermic reaction with MgO, a steam boiler
to adjust the humidity of the air, a heat exchanger to warm water using air heated to about 200
°C by the exothermic reaction of MgO, and a heater that is only used at the start of the reaction
to warm the air fed into the reactor to 90 Ce.

The specification of each device was determined in consideration of the system’s heat balance.
We visited a spa facility, where a demonstration test is to be conducted, to plan for the

installation of the equipment.

2. Technical review meetings
We held technical review meetings in October 2022 and March 2023 to receive advice from

committee members about the demonstration test.
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5. 3. BA DRI

BANCOBELREIZE L TR, 2022 FITR—F  FOZERE & Bk (2B U T ORI
IRERXAEINT VS, X ICOVWTIE, EREHEDE DN SEENLEDITD
WTRS—4DEIITFLDOENT VS,

* Mobilized Thermal Energy Storage for Waste Heat Recovery and Utilization-Discussion on Crucial

Technology Aspects, Marta Kuta, Energies 2022, 15, 8713. https://doi.org/10.3390/en15228713)

#5-4 Mobilized Thermal Energy Strage Systems

Heat Source/

" Country/ MTES Technology/ A
Level of Readiness Dalery Heat Storage Capfycity He%_ReclplenH References
1stance
. Poland/currently Waste heat/different
Commercial available on offer PCM/7G] types of recipients/ [1 :l
. Poland/currently Waste heat/different
‘Commercial available on offer PCM/na. types of recipients/ [2:]
. City of Surrey, Thermochemical Waste heat/city energy
Fllot research Canada/2019-2021 reaction network [3]
. Germany, Japan/ Waste heat/hot water, heating,
Pilot research 2019 PCM/n.a. coolin [4]
. - Germany / PCM/ Waste heat/hot water, heating,
Pilot research Sine 2 2.1-25MWh swimming pool supply 5]
Pilot research C'eli?]'llasnyf 2?;22{;{‘ Industrial waste heat [6]
Lab. research China, laboratory / PCM/n.a. Excess, industrial waste heat
China, laboratory / PCM/ renewable energy, industrial
Lab. research 2019 0.000, 125,576 GJ waste heat
Lab. research China, }Z‘Bt;gm tory/ PCM/n.a. Industrial waste heat
. - Industrial waste heat
Theoretical Japan/2009 PCM/8.15GJ oM /
Theoretical, design,
ecpnomlca], Sweden /2016 PCM/n.a. Industrial waste heat
environmental
evaluation
Lab. research China /2015 PCM/n.a. Excess, industrial waste heat
Numerical China and Sweden /2013 PCM/n.a. Excess, industrial waste heat
Numerical China and Sweden /2016 PCM/n.a. Excess, industrial waste heat
Numerical China and Sweden /2022 PCM/n.a. Waste heat
Numerical Turkey /Brasil /2021 PCM/n.a. n.a.
Economical China/2016 PCM/1.35-5.4 MWh Waste heat
Economical n.a. PCM/n.a. Waste heat
Economical China /2016 PCM/1.35-5.4 MWh Waste heat
Economical China, Sweden/2013 PCM, water/n.a. Waste heat
Economical, technical Germany /2014 PCM /1.3 MWh Waste heat
Economical Poland /2020 PCM/55 kWh Geothermal heat

[1]Enetech. Available online: https://enetech.com.pl/

[2]Neo Bio Energy Sp. z 0.0. Available online: http://neobioenergy.pl/

[3] Integrating Mobile Thermal Energy Storage (M-TES) in the City of Surrey’s District Energy
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Network: A Techno-Economic Analysis, Appl. Sci. 2021, 11, 1279.
[4]Trans-Heat Container. Available online: https://www.nedo.go.jp/content/100899763.pdf
[5] Logistikkonzept flir mobile Wéarmespeicher in Biogasanlagen (badenova.de)

[6] Mobile Sorption Heat Storage in Industrial Waste Heat Recovery, Energy Procedia 73 ( 2015)
272 - 280

MEEBEDE DNEZNFT, R—FV NOERMBAXE 2 4TIk, Bk (M-TES :
Mobilized Thermal Energy Storage) HZE X L TEE/LLTW5S,

[ 1 ]EneTech £t HP (Mobilne magazyny ciepta (MMC) - Enetechiz kb &, 24 bV
DR 7IZEEKM (PCM : Phase Change Material) 2 FIEL. BiE 2B U CHESH
MIZHEAT 5, BEHMIZIZN TG OBNEBINS,

BERLUZE V0%, 30 knBERNZHIRIEY, 4V 7RICERB LU ZEERNIIKEE
UEBERWM L OBZHUZ LD KERAKE UTHIETE LW EDTH S,

EneTech # HP IZHBEDEEE S AT L DA A=Y IILLTD L B Y TH S,

materiatu PCM

Mozemy

<EBE> <HREL>

[2]Neo Bio Energy #= HP (http://neobioenergy.pl/) Tl Mobile Heat Storage
EWVWHRHBUT, BEBROBDEMEE->THY ., HEETCORDETRE, & ik % Al
T BENAINEBEHBELRMETE, LOI L THEINHEMIFHTH S,

NATOy bEEEINTVD 4 DDFZEIIDWTIUTOEBY THD,

[3] AFEDTVFowyaaarye7Moy) —mTIEIfET R IVF—F vy hU—
2 (a district energy network (DEN)) #3zH EF, 4V — U & — TV 7DEE
BIUOBELEIIZ, RRHARA 7 —DRIZIZBEERBEKEHHAEL TS, T 21
BHRAT I F -7 M-TES) ZFALTZE S, E WS RTERETH 5,

[4]2019 4 10 B 30 HIZ German-Japanese Environment and Energy Dialogue Forum
MEEIN, =ETEIZES5 b7 A —baV5F (THC) DOEFHEFEERIZOWTOHRE
x®THD,
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(514 Y 72> TIVT REMN 2011 E~2014 FIT > HEHRER T, NAAHTATS v
NDBEREBERAS (BEEE NV T L) ICBEXY, EBOERETHREIE. —ILD
IKONBIZRW =, Y AT Ald. La-Thern JERAZEHS A5 ALIEINTEY., 2.5
MWh DZZMATEE,

BEY A5 L% R5E9 5 LaTherm Energie AG#to HP (Abwirme nutzen, wo sie
gebraucht wird: Mobile Warmespeicher (cleanthinking.de)) 1Z21%. AT ODOEHIEE;
XNhTW3,

IVFHITIE 2.5 Mh (250 U w MIVOKTHNIZHEY) 2BETX5, Zhid &V
70— —NBEBHTXS 16,000y MVOAHBERETLZ L, ZLALHEFAN
BNEDITR 2N, BEBICEZ /2B E X2 30kn INICEE UFERALAZLLTE. H
13 h> D002 UNFEEIET, (02 DHIBEIRIZA IV, Y A7 A% 2007 ENSHEE

LTWa,

2012 BT I N0V 27 hO—BL LT, Ta—AT7)NVY (KA Y HhEHHTE
HE) IZHBBEHNT L. I— 7 ATENSDERLZRIEFEL TS,

Isernhagen O Helleweg I2H DRt v & —Tld. EYFHBREREYNE TSV b
MODREI T AINX —DE T VT FH#EN 2017 £ 9 BTG I N, BUYtREE L
BEOMED 5 FOA—MVOEREIFER NI v 72 #HHL &,
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[6] RAYTOYATA bEAVAEBERARITEY AT LDEINEETHD,

BREMIFEN T Z >V " SOMEREL (130C) 12L&V, 451 bDRiKIZ & 2 E[EIX
2175, U bYDEZATA MMNEVIZIZHEINTEY., Ih%E Tkn BN/~ TERAR
BETOXRAETITES IV NETRRET S, ZETOLATHET S 60T, BE

0.09 kg/kgDHER E LA T 4 MTBEK I, 2.3MWWh DEREFREIE, 1 17 VH
7212 616 kgD C02 DHIBARAZ N, 1 EMDT A M TIEHENETIEIR S i
Mo/, 13 €/Mh DA MNRABEEHINTWS,
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