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Abstract 

This paper describes binary power generation using fermentation heat as the high heat source. This heat, which is generated 

from the composting of organic matter, can be recovered using a Suction-type Aeration Composting System (SACS), a composting 

system that aerates composting material by sucking air from the bottom of the material. The SACS facility was installed in a farm 

with 100 head of milking cows, and was used to verify the characteristics of using fermentation heat as the high heat source for 

binary power generation. The 60℃ exhaust gas from the facility was used as the high heat source for the power generation experi-

ment. As a result, the layout that heated the water before and after the power generator resulted in the highest generation efficiency, 

and the power generated by using fermentation heat of about 216 MJ/h (60 kW equivalent) was more than 700 Wat maximum. 

Although power generation was interrupted by temperature decreases caused by turning over of the compost, it was maintained for 

approximately 60 h over in a three-day turning over cycle. 

Keywords: power generation, composting fermentation heat, dairy cow manure, energy recovery 

Introduction 

In Japan, more than 90 % of animal manure is managed 

by composting. However, many studies have shown that 

manure management processes, particularly composting, 

result in the discharge of odorous gases, mainly ammonia (Van 

Durma et al., 1992; Fukumoto et al., 2003; Hong and Park, 

2005; Webb et al., 2005). In a previous study, a suction-type 

aeration composting system (SACS) was developed for treating 

odorous gas produced during composting (Abe et al., 2008). In 

this system, air is sucked from the bottom of the composting 

material by blowers, and fresh air is supplied from the surface 

of the material; the exhaust gas gathered at the bottom of the 

compost pile contains a high density of gases generated during 

composting (Saludes et al., 2008). Originally, SACS was 

developed to prevent excessive odor (Kojima and Abe, 2011a) 

by limiting odor discharge from composting facilities by using 

an ammonia scrubber (Abe and Fukuju, 2006). Moreover, 

these studies revealed the possibility of heat recovery during 

composting. 

Composting also discharges the heat generated by organic 

decomposition, and the heat generated by the decomposition of 

1kg of organic matter can be as high as 20 MJ, which is the 
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amount of heat generated by combustion of 1 kg of organic 

matter. The phenomenon of fermentation heat generation was 

first described a few decades ago, and some researchers have 

attempted to recover this lost heat. For example, Seki (1989) 

attempted to recover fermentation heat by using heated medium 

flow pipes to gather heat from the bottom of the composting 

material. However, the temperature of fermentation heat remains 

below 70°C, which is lower than that of industrial heat, so 

such the heat extraction methods used proved to be inefficient. 

Moreover, heat extraction can lower the local temperature of 

the material that surrounds the pipes. By contrast, fermentation 

heat can be recovered from the exhaust gas by using SACS at 

50-60°C and 100 % relative hu面 dity.Recently, Tucker (2006) 

and Smith and Aber (2014) reported systems for heat recovery 

by aeration from the bottom of compost heaps using a heat 

pipe. SACS can be used to recover fermentation heat s1rmlarly 

to the methods of Tucker and S面 thand Aber. However, SACS 

recovers heat, including latent heat of vaporization and sensible 

heat from the exhaust gas, directly by heat exchange in contrast 

to the previous methods. Additionally, the recovered heat can 

be used to warm water or air, as has been used for feedstock 

management. For example, we developed a system for providing 

cows with warmed drinking water by using fermentation heat in 
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the winter and provided drinking water [122 L/(head day)] to 

120 cows with a 20°C increase in temperature (from 13°C 

to 33°C) (Kojima et al., 2014). Moreover, some composting 

facilities have used this system effectively for more than 5 years. 

Although this system can utilize heat in the winter, effective 

use of heat in the summer is minimal, because heat demand is 

reduced in this season. 

Recently, binary power generation systems have attracted 

attention in Japan because of their ability to use low-temperature 

heat sources, such as geothermal heat (DiPippo, 2005). 

However, the temperature of a high heat source for power 

generation must"generally exceed 70°C. Thus, no reports have 

described the use of composting fermentation as a heat source 

for binary power generation. Temperature of the exhaust gas 

used for SACS can exceed 60°C, and the required exhaust gas 

temperature of high heat sources for binary power generators 

decreasing owing to recent advancement. Therefore, in this 

study, we attempted to generate power using a binary system 

employing fermentation heat as the heat source. The properties 

and continuity of power generation were verified. 

Materials and Methods 

1. Full-scale SACS 

The experiment was carried out at "S" Farm in Tochigi, 

Japan. The farm feeds about 100 head of milking cows. Fig. 1 

shows an outline of the composting facility. 

A mixture of rice husk and recycled compost at a 1: 1 

volume ratio was used as bedding for the cows. During the 

experimental period, cow bed material was used at a volume 

3-4x more than that of cow manure. Cow manure mixed with 

bedding material is removed daily from the cow house by 

loaders, stored in a raw material pit for 1-3 days, and aerated 

partially in the pit. About 33 m-1/d of composting material was 

charging to the material pit. The composting area was divided 

into five p紅 ts.The first three parts were aerated by the suction-

type (SA) method and the other two parts by the pressure-type 

(PA) method. From the first to the fourth area, the volume of 

each area was 111.6 m1 (width 9.3 m x length 6 m x height 

2 m) and the volume of the fifth area was 164.5 m3 (width 

9.3 m x length 8.85 m x height 2 m). The total volume of the 

composting facility was about 611 m1 and that of the SA part 

was 335 m3. Compost material was turned over every 3-4 days 

by using an automatic composting crane system (OSS Compo-

system; Okamoto Inc., Japan). Thus, the composting period 

was about 10 days in SA and the additional 8 days in PA. Each 

composting part was aerated by two blowers (Showa U75-

3HT; Showa Denki), and the rated power consumption of the 

blower was 400W. Its body and impeller blade were made from 

stainless steel. Exhaust gas from the SA part was collected in 

a single pipe, and the gas was fed to a heat exchanger. The 

exhaust gas was used to provide heat to agricultural water, 

and the warmed water was then stored in a water tank. Since 

the composting exhaust gas included a high concentration of 

ammonia gas and saturated vapor, we used a plate-fin heat 

exchanger (CP 250; Seki-thermal Co., Ltd., Japan), which 

can be used in combination with various fluids and has an 

appropriate material on the heat transfer surface. The volume 

of heat exchanger was 75 L. However, the optimum volumetric 

rate dictated that the two heat exchangers be arranged in series 

to extract heat based on the retention time of the exhaust gas 

in the heat exchanger. Additionally, condensation water was 

formed during the heat exchange process, and an outlet for 

this was installed on the heat exchanger (Fig. 2). The exhaust 

gas was passed through the heat exchanger and into the PA for 
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(1) Raw material pit, (2) Composting area aerated by suction-type (SA) 

(3) Composting area aerated by pressure-type (PA), (4) Blowers 

(5) Heat exchanger, (6) Binary power generator, (7) Water tank, (8) Cow house 

Fig. l Outline of composting facility 
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maturation of compost by warm air and for deodorization of 

mature composting material. 

Fig. 2 Installation of heat exchanger 

2. Heat recovery and binary power generation system 

Compact binary power generators have been developed 

by a few companies (Narukawa, 2012: ANEST IWATA, 2013). 

However, most of these generators need a high heat source 

with a temperature of around 100°C and high and low heat 

source flow rate of more than 100 L/min. These specifications 

are unsuitable for a system utilizing composting fermentation 

heat. However, the specifications of ECOR-3-Ft instrument 

(ADVANCE RIKO Inc., Japan) were suitable for using 

To 
I Layout 1 I 

二----—+---

a) 

ー比gh-heatsource (warmed water) 

fermentation heat. Specifically, the lower limit of recommended 

temperature of the high heat source for this apparatus is 7 5°C, 

which is relatively lower than those of other power generators, 

and electricity can be generated at high and low heat source 

flow rates of 50 Umin. Thus, this apparatus was used as the 

binary power generator in this study. 

The declared power of the apparatus is 3 kW at a 

temperature difference of 70℃ In this study, we improved the 

system to use fermentation heat at 60°C as the high heat source 

by employing R-134a which was alternative Freon as the heat 

transfer medium. The electricity generated by this apparatus 

was consumed by an electrical load consisting of 30 light bulbs 

(100 W each). The apparatus was connected to a water tank and 

a heat exchanger by a bimetallic tube. 

The raw water supplied to the tank was controlled by a 

water float switch. Raw water was sent to the water tank as the 

high heat source and to the power generator as the low heat 

source. The water in the tank was sent continuously through 

the heat exchanger and was warmed by composting exhaust 

heat. The warmed water was then sent to the power generator 

as the high heat source. Before commencing the experiment, 

water was heated without the power generation running, and 

the power generator was started when the water temperature 

exceeded 63°C. Before power generation, 20 min of preheating 

was needed to heat the generator's heat medium. In this study, 

the power generation characteristics were examined using two 

layouts of each set of equipment (Fig. 3). 

I Layout 2 I 

二. -----•---

b) 

Raw water --- Low-heat source (raw water) 

* SA: Composting area aerated by suction-type, PA Composting area aerated by pressure-type 

Fig. 3 Equipment experimental layouts 

a) Layout 1: Using single heat exchanger for heating heat medrnm 

b) Layout 2: Using two heat exchangers for heating heat medium 
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In layout 1, the water in the tank was to be used 

simultaneously for power generation and other purposes such 

as drinking water for cows. Therefore, the water in the tank 

was warmed at single heat exchanger, and fresh raw water was 

warmed by another heat exchanger. Accordingly, raw water was 

passed through the heat exchanger on the low-temperature side 

before being sent to the water tank. The water in the tank was 

then sent to the power generator as the high heat source after 

passing it through the heat exchanger on the high-temperature 

side. Water from the power generator was returned directly to 

the tank. 

In layout 2, the water in the tank was to be used only 

for power generation, and two heat exchangers were used for 

warming the water in the tank, which was used as the high heat 

source. Accordingly, raw water was sent directly to the water 

tank. The water in the tank was sent to the power generator 

after passing it through the heat exchanger, as in layout 1. 

Finally, the water in the power generator was returned to the 

tank after passing it through another heat exchanger on the 

low-temperature side. 

3. Measurement and analysis 

The temperature of the composting material was measured 

at a depth of 80 cm from the upper surface of composting 

material, which was around half the depth of the material, 

at nine points in each composting part once a day by using 

a digital thermometer (SK-1260; Sato Keiryoki Mfg. Co., 

Ltd., Japan). Raw composting material was sampled every day 

before inputting it to the material pit, and its moisture content 

and ignition loss were measured. Temperatures of the exhaust 

gas before and after its passage through the heat exchanger, 

that of the water in the tank, that of the water before and 

after its passage through the power generator, and that of the 

ambient were measured automatically at intervals of 10 min 

by thermistor and a data logger (RTR 502; T & D Co., Ltd., 

Japan). The air velocity in the aeration pipe was measured 

before and after its passage through the heat exchanger by 

using an anemometer (Testo416; Testo Co., Ltd., Japan). The 

flow rates of the high and the low heat sources, as well as the 

voltage and the electric current measured by sensors installed 

in the power generator, were recorded at intervals of 10 min. 

The electric power was then calculated. 

The moisture content of the composting material was 

measured using the 105°C 24-h method (lgarashi, 2010a). 

Ignition loss was measured using the 600°C 4-h method by 

employing crushed samples after measuring their moisture 

content (lgarashi, 2010b). Ignition loss was ascribed to organic 

content. 

The quantity of heat was calculated using the following 

formula put forth by Iwabuchi and Kimura (1994) and Kojima 

and Abe (2011b): 

Q.= 
ixf 

a 

V 
(1) 

where Qg = quantity of heat in exhaust gas (kJ/min), J;, = 

air flow rate (m3/min.), and i = specific enthalpy of humid air 

in exhaust gas at the reference temperature of O°C (kJ/kg). v 

= specific volume of exhaust gas (m3/kg). The air flow rate of 

exhaust gas (m3/min.) was calculated as follows: 

f = V X 0.82 X A X 3600 
p 

(2) 

where vP = air velocity at the pipe center (mis), A = pipe 

sectional area (mり，0.82= speed coefficient[(= en+ 1; はn+1))], and 

n = blade number (~ 7). Additionally, 

Qw=fwxcxTW (3) 

where Qw = quantity of heat of water (kJ/min), ~。= water 

flow rate (kg/min), c = specific heat of water (kJ(kg k), 4.217), 

and T,, = water temperature (K) 

Qg and Qw were converted into kW for simplicity of 

comparison with electric power. Power generation efficiency 

was calculated as follows: 

E=  
p 

p Q -x  100 (4) 

where E = power generation efficiency(%), P = electric 

power (kW), and Q = quantity of heat in gas or water (kW・ equivalent' 

kW). eq. 

Moreover, exergy, which is used for evaluating the 

available energy of a material in addition to the total heat 

quantity in industrial applications (Gong and Werner, 2015), 

was calculated for evaluating power generation efficiency. In 

this study, the temperature of the low-heat source was regarded 

as the standard condition for exergy calculation. The exergy of 

exhaust gas was calculated using formulas 5-10. 

Ex=L{(H-H,。)-r;。(S-S。)｝ (5) 

H=  CV T+ nRT (6) 

H。=C丸+nRT,。 (7) 

H 
S=― 

T 
(8) 

S。=H ゚ (9) 

T ゚
C V = Cp -R (10) 

where, Ex= exergy of exhaust gas (kJ), H = enthalpy 

of exhaust gas (kJ), H,。=enthalpy of exhaust gas at the 

temperature of the low-heat source before heat exchanger (kJ), 

T = Temperature of exhaust gas, i;。=Temperature of low-heat 

source before heat exchanger (K), S = entropy of exhaust gas 

(kJ/K), s。=entropy of exhaust gas at the temperature of the 

low-heat source (kJ/K), C,, = specific heat at constant volume 

(kJ/(kg K)), n = number of moles of gas (mol), R = universal 

gas constant (= 8.31) (J/(K mol)), and CP = specific heat at 

-34-



Binary Power Generation Using Composting Fermentation Heat as Heat Source 229 

constant pressure (kJ/(kg K)) 

Furthermore, electricity can be regarded to have energy 

equivalent exergy (exergy ratio is 100 %; Oshida, 1987). 

Therefore, exergy recovery ratio was calculated using formula 

11. 

E=  
p 

'Ex 
X 100 

where, E, = exergy recovery ratio(%). 

Results and discussion 

1. Composting process 

The moisture content of the composting material at the 

start of the study was 55-65 % wet basis (w.b.), and the average 

value was 60.1 % w.b. The average air flow rate from the SA 

was 5.9 m3/Jnin, or 17.6 L/Jnin per m3 of composting material. 

Composting material was turned over every 3-4 days. Figure 

4 shows the transition of average temperature at the center of 

the composting material in the SA part, as calculated using the 

values at all points for all measurements each day 
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Fig. 4 Transition of composting material temperature in SA part 

Each temperature was expressed in terms of the day 

elapsed since turnover. Since the composting material 

was partially aerated in the raw material pit, the material 

temperature was more than 60°C from the start for the first 

p紅 t,and it increased gradually to about 80°C. In the second 

part, the material temperature more than 80°C on day one after 

turning over, and it then declined to 80°C. In the third part, the 

material temperature exceeded 70°C during the entire period, 

with an initial increase and a gradual decrease thereafter. In 

the fourth and the fifth parts, which were aerated using the PA 

method, the material temperatures were in the ranges of 69-75 

~C and 64-69°C, respectively. 

The temperature of composting material in this study was 

exceedingly higher than that in the typical composting process 

(Golueke, 1977). ln this farm, composting material was aerated 

by a low volume of 17 .6 L/(・ mm. m ) . This aerat10n rate 1s ma1enal 
lower than that at other SACS facility (Kojima et al., 2014) or 

that in the typical generally forced aeration composting process 

(Yakushido, 2000). However, the temperature of composting 

material had increased up to 60°Cat the time of input to the first 

area due to forced aeration in the raw material pit. Thereafter, 

the temperature of the material was the highest in the second 

area, and it decreased untill end of the third area. This is in 

line with the typical transition of material temperature in the 

early composting stage. Miyatake et al., (2008) reportted that 

composting material with around 60 % of moisture content 

achieved the highest temperature in the early stages of the 

composting process. In this farm, because the composting 

material was processed to have a low moisture content of 

60 %, it was considered that the composting process was 

advanced even under the low aeration condition. In addition, 

the heat generated from the decomposition of organic matter 

was accumulated within the composting material without 

much heat removal by aeration. As a result, the temperature 

of the composting material was higher than that in the typical 

composting process 

2. Heat recovery and power generation 

1) Effect of equipment layout 

Table 1 shows power generation characteristics of each 

layout. 

In layout I, the average exhaust gas temperature was 71.6 

~C and its heat quantity was 72.0 kW,q The average electric 

power generated by layout 1 was 0.752 kW, and the power 

0eneration efficiencies were 

゜
4.88 %, 5.17 %, and 1.04 % based 

on the total loss of exhaust gas or high heat source, and total 

heat quantity. In layout 2, the average exhaust gas temperature 

and quantity of heat were lower than those in layout 1-66.7 

℃ and 59.5 kW eq, respectively. The average electric power 

generation and power generation efficiency based on total heat 

loss of exhaust gas, total heat loss of high heat source, and total 

heat quantity of exhaust gas in layout 2 were 0.725 kW, 4.47 

%, 5.03 %, and 1.21 %. The exergy recovery ratios of layouts 1 

and 2 were 47.5 % and 48.8 %, respectively. 

In this study, layout l had significantly higher temperature 

or higher heat quantity of exhaust gas as heat source than layout 

2(p<0.01). By contrast, layout 2 had higher power generation 

efficiency basis on total heat quantity of exhaust gas or the 

exergy recovery ratio than layout 1 (p < 0.01). There was no 

significant difference in terms of power generation efficiency 

based on loss of total heat of exhaust gas and high-heat source, 

which were related to power generator performance. Namely, 

it could be said that layout 2 could use a greater amount of 

fermentation heat from exhaust gas than layout I. Therefore, 

layout 2 was adopted for subsequent experiments. 
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Table I Characteristics of power generation on different layouts 

Layout 2 p value* 

Working time h 6.5 15 7 

Average EG temperature oc 71.6 66 7 <0.01 

Average heat quantity of EG kWeq. 72.0 59.S <0.01 

Exergy ofEG kWeq 1.62 1.49 <0.01 

High-heat source temperature at generation start oc 63.9 62.1 

Average high-heat source temperature oc 61.1 58 8 <0 01 

Average high-heat source flow rate L/min 54.9 51.1 <0 01 

Average low-heat source temperature oc 16.4 16.1 <0 01 

Average low-heat source flow rate L/mm 51 5 53.8 <0.01 

Average electnc power generation kW 0 752 0725 <0.01 

Heat loss of exhaust gas kWeq. 15 4 16 2 0 50 

Heat loss of high-heat source kWeq. 14.5 14.4 0.17 

Heat profit of low-heat source kWeq. 15.8 15.3 0.96 

PE total heat loss of EG ％ 4.88 4.47 0.62 

basis on total heat loss of high-heat source ％ 5.17 5.03 070 

total heat quantity of EG ％ 1.04 1.21 <0 01 

exergy recovery ratio ％ 47.5 48.8 <0 01 

"eq." means equivalent, "EG" means exhaust gas 

"PE" means power generation efficiency 

high-heal source was wanned water, low-heat source was raw water 

*P value was calculated by two-sides student's I test using the data from start to 6.5 hours of each layout 

2) Power generation continuity of fermentation heat 

Analysis of the continuity of power generation was carried 

out during 15-27th October 2014, and the corresponding 

changes in temperature and power generation are shown in Fig. 

5. 

During this period, there was a problem with the high 

heat source pump, and power generation was reduced to a level 

below that achieved under normal conditions. The thick arrow 

in Fig. 5 shows the time when the problem with the pump 

occurred. However, folJowing thjs, the generation of electric 

power depended on the temperature of the high heat source. 

Therefore, in this part, we focus on the continuity of power 

generation. 

During the experimental period, continuous power 

generation was achieved four times, as shown by the thin 

arrows. The longest continuous period of power generation was 

58.75 h during 20-22nd October. Excluding the fourth period 

(i.e., from 24th October onw紅 d),all periods exhjbited simjJar 

trends, wherein the high heat source temperature was stable for 

several tens of hours after power generation st紅 ted,but then its 

ambient ―exhaust gas 

―water tank (high heat source) 

4
 

ー／
 

゜

7
0
6
0
5
0
4
0
3
0
2
0
1
0
0

ー

(
3
。);:,.ml1uadm;:,1 

10/16 10/18 10/20 10/22 10/24 10/26 

（乞
U
O
!
l
B,
 
1a u
aii 
:,
1.q:,
a
13: 

8
0
0
6
0
0
4
0
0
2
0
0
0
8
 

゜゚゚
ー

2
 

／
 

゜畢： the time high-heat pump had problem Date in 2014 疇 ：period of electric generation 

Fig. 5 Transition of temperature and power generation in continuity experiment 
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temperature dropped for several hours before power generation 

was stopped. Details of the changes in temperature and power 

generation just before power generation was stopped are shown 

in Fig. 6, in which the arrows show the time at which the 

compost was turned, and the numbers above the arrows show 

the part that was turned over. 

In this farm, turning of the compost usually started with the 

fourth composting part at about 8 PM. Subsequently, the third, 

second, and first composting pa1ts were turned over. Turning the 

material in one part using the composting crane requires about 2 

hours. Thus, the turning of all four parts was complete by about 

4 AM on the following day. The temperatures of the exhaust 

gas and high heat source decreased dramatically from the time 

of commencement of turning over of the first part. Within this 

time, the temperatures of the exhaust gas and the high heat 

source decreased linearly by nearly 10°C. The temperature of 

the composting material in the first part reached the highest 

level among all parts just before turning over (Fig. 4). When 

the first part was turned, fermentation heat was temporarily 

unavailable as the leading heat source. Additionally, fresh air, 

which had low temperature, flowed through the system as the 

exhaust gas from an empty part. 

Thus, because the total heat quantity of the exhaust gas 

decreased, power generation was considered to have ceased. 

After power generation stopped, about 12 h was requi..t・ed for 

the temperature of the high heat source to exceed 60°C. Except 

for the 12-14 hours after turning over of the first part, stable 

power generation using fermentation heat as the heat source 

was achieved. Therefore, this system could generate power for 

about 60 h, considering the 12-h shut-off during the turning 

over of the first part, when using a turning-over interval of 3 

days. 

The exhaust gas temperature was investigated further 

from November 2014 to December 2015. The longest period 

for which the exhaust gas temperature continuously exceeded 

60°C was 4.00 days. Therefore, the problem of temperature 

decrease with turning over must be resolved. 

In this study, more than 700 W of electric power was 

generated at power generation efficiency of about 1 % based on 

total heat quantity of the exhaust gas. Although, the amount of 

power generated and the power generation efficiency might not 

be high, more than 15 kWh of electricity can be generated in 

one day in combination with storage batteries. This electricity 

can be used to power electrical machines such as forklifts or 

used to reduce the power consumption of farms during peak 

hours (Hayashi, 2012). Moreover, after power generation, the 

exhaust gas temperature remained over 50°C in this study. 

This is adequate for other purposes such as warming drinking 

water for cows (Kojima et al., 2014). 

Sato et al. (2015) reviewed small-scale binary power 

generation and found that 60-87 kW was achieved using a high 

heat source temperature of 98-105°C from hot springs. In this 

study, we used the heat generated from livestock farming as the 

high heat source for binary power generation, the temperature 

of which was considerably lower than those of the sources used 

in previous studies. Although several limitations remain to be 

addressed, our study shows that fermentation heat can be used 

as a heat source for binary power generation. 

Conclusion 

In this study, fermentation heat was used as a heat source 

for binary power generation. A "compost power generation" 

system was constructed using our SACS method at a dairy farm 

housing 100 head of dairy cows. The system consisted of an 

SA part, two heat exchangers, a buffer water tank, and binary 

power generator. The following findings were obtained: 

1) Temperature of the composting material and exhaust gas 

were sufficiently high for binary power generation. The 

compost heat collected from the exhaust gas was 66-72 

kW from 33 m3/d of 
cq 

compostmg matenal. 

ambient ---high heat source・・・・・・・・・exhaust gas electric generation (right axes) 
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2) Analysis of the equipment layout led us to use two heat 

exchangers for exchanging heat from the high heat source. 

In this layout, the same level of power generation occurred, 

even when the lower exhaust gas temperature was lower 

than that in the layout using one heat exchanger for warming 

the high heat source. 

3) Continuous power generation lasted for a maximum of 

58.75 h over 3-day period of turning over the compost. 

Turning over the compost pile caused power generation 

to stop, and power generation could be restarted only after 

a 12-h recovery period. Thus, power generation occurred 

throughout composting, excluding the time after turning 

over. 

Based on the above findings, composting fermentation 

heat can be used as a heat source for binary power generation. 
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堆肥発酵熱を高熱源とするバイナリ発電*l
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*3 アドバンス理工株式会社，〒 224-0053神奈川県横浜市

要 旨

本研究は，堆肥化過程で発生する発酵熱をバイナリ発電の高熱源として利用するための知見を得るも

のである。発酵熱の回収は，堆肥の底部から空気を吸引して発酵を促進する吸引通気式堆肥化方式でお

こなった。乳牛 100頭規模の酪農家に設置された実規模吸引通気式堆肥化システムにバイナリ発電装置

を接続して，堆肥化施設で得られた 60℃程度の発酵排気を高熱源としたときの発電特性を明らかにす

ることを目的とした。その結果，発電前後で水を加温する施設レイアウトがより発電効率が高く， 216

MJ/h (60kW相当）の発酵排気熱量を用いて，最大で 700W以上の発電が可能であった。堆肥原料切

り返し時の温度低下により発電が停止するものの，発電継続時間は堆肥の切り返し間隔 3日間で 60時

間程度であった。

キーワード：バイナリ発電，堆肥発酵熱，牛ふん，エネルギ回収
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