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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)2)/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 conducted 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 were transported between the

two locations.

FY2023 was the final year of this project, and this report presents the results of the three years

of work.

1. Implementation plan for demonstration test equipment
1.1. Design and installation of the heat recovery system in a MSW incineration plant

A high-temperature-type gas-air heat exchanger was 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 degrees C, which is needed for dehydration of
Mg(OH); (heat storage). The clean air fed into the exchanger is first preheated to about 200
degrees C using heat from exhaust gas generated at the plant, and it is then heated up to 350
degrees C in the exchanger. The heated air from the exchanger is sent to the reactor filled

with Mg(OH); to convert it to MgO by dehydration.

This year, we completed the planned production, installation, and demonstration test.



1.2. Design and installation of the heat-radiating system in a spa facility

A heat-radiating system was installed in a spa facility. The system consists of a reactor filled
with MgO, a blower to feed 100 degrees C air containing moisture to cause an exothermic
reaction with MgQO, a steam boiler to adjust the humidity of the air, a heat exchanger to
warm water using air heated to about 200 degrees 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 100 degrees C.

This year, we completed the planned production, installation, and demonstration test.

2. Demonstration test
2.1. Heat storage

The test results showed that the heat exchanger installed in the secondary combustion
chamber could produce the planned air at 350 degrees C and a flow rate of around 700 m*N/h.
It was also confirmed that the planned amount of heat (0.25 GJ of heat/reactor) could be
stored by feeding the high-temperature air for five hours into the two reactors (placed in

parallel) filled with the planned amount of heat-storage materials.

2.2. Transport of heat-storage materials

The chemical heat-storage materials were transported for 30 minutes by truck over a distance
of 16.5 km between the MSW plant and the spa facility to repeat the heat-storage and heat-

release reactions at each facility.

There was no notable change in pressure loss after transport compared to the pressure
observed at the inlet and outlet of the reactors when feeding high-temperature air at the MSW
plant. In addition, no other effects were observed, such as the abrasion of the chemical storage

materials due to the transfer process.

The temperature of the heat-storage materials gradually decreased from about 330 degrees C
after the heat-storage process was stopped. However, the materials remained at 200 degrees
C even after 16 hours, and using this sensible heat to heat the circulating air during heat

dissipation was confirmed to reduce the preparation time for reaction.



2.3. Heat release

The gas circulating at the reactor outlet was measured at 206 degrees C. This was
accomplished by adding water vapor under the planned circulating gas temperature, which
ranged from 90 to 110 degrees C. The heat exchanger then produced hot water with an
average temperature of 40 degrees C or higher from this high-temperature air. The hot water
was then supplied to a hot tub at the spa facility. The total heat value of the hot water produced
was 1.2 times that of the heat released from the heat-storage materials, which was 0.25 GJ per
unit. This excess heat was approximately equal to the heat value during the condensation of

steam fed into the reactor.

2.4 Impacts from the installation of demonstration test equipment
1) Impact on MSW incineration facility

There were no noticeable differences in temperature, air volume, and CO concentration
during the operation of the MSW incineration facility before and after the installation of the
demonstration test equipment. Additionally, no differences in the dioxin levels in the stack
exhaust gas were observed compared to results obtained at the same period in the previous
year. [t was confirmed that the installation of the demonstration test equipment had no impact

on the MSW incineration facility.

2) Impact on spa facility

We did not assess the impact of the heat-radiating system on the spa facility because the hot
water produced by the system was not directly connected to the facility's hot water
temperature control system. However, we confirmed that there were no problems with the
use of the hot water produced and fed directly into the hot tub at the spa facility, including

with the water quality.

3. Confirmation of the project’s effectiveness

The project's effectiveness was confirmed because the amount of heat dissipated at the spa
facility was equal to the amount stored at the waste incineration facility. This allowed for a

high-temperature air supply at the spa for a total of more than 5 hours with a maximum



temperature of over 200 degrees C and an average temperature of 190 degrees C.

4. Dismantling and removal of the demonstration test equipment

In January 2024, we dismantled and removed the heat recovery and radiating systems. During
the process, we inspected the heat exchanger and found that the refractory material was
peeling off near where the exhaust gas first contacted the heat exchanger. However, there was
no change in the body part's thickness: 6 mm before and after use. In addition, after the
demonstration test, the used heat storage material was recycled, and the performance was

confirmed to be the same as that of a new one.

5. Technical review meetings

We held technical review meetings in November 2023 and March 2024 to receive advice and

feedback from committee members about the demonstration test results.
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