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Introduction 

 

Sustainable society is one that strives to maintain a sound 

and rich environment so people can enjoy a happy life at 

present without sacrificing the needs of the future 

generations [1]. However, there are ongoing resource, global 

warming and ecosystem crisis that are related to waste and 

waste management. To deal with these, three ideal societies 

are wished to establish; A Sound-Material Cycle Society, 

Low-Carbon Society and A Society in Harmony with Nature, 

to achieve a sustainable society. The Sound-Material Cycle 

society has been established in Japan thru the 3R program 

that aims to minimize the extraction of natural resources and 

recently, with the threat of global warming, the Ministry of 

Environment (MOE) wishes to minimize the carbon 

emission to obtain the Low-Carbon society together with the 

usage of biomass as a fuel source [2].  

Figure 1 shows the sample flowchart of waste disposal 

system where combustible wastes enter the incineration (Inc) 

facility and incombustibles are landfilled. In the recent years, 

utilization of energy from biomass is gaining popularity and 

anaerobic digestion (AD) became one of the promising 

processes to recover energy from solid waste. From then, 

food waste is source separated and goes to AD facility to 

produce biogas. The residue together with the non-

combustible wastes will be landfilled. Since it is in practice 

to separate waste at source, each time a new technology 

appears, it is added to the system making a parallel flow and 

creating disadvantages:  

 

 Efficiency of treatment depends on residents 

 Increase in collection cost 

 Increase in treatment cost 

 

 

 

 

 

 

 

 

To overcome the disadvantages mentioned, combined 

treatment facility is introduced as shown in Figure 2 where 

mixed waste will be collected, shredded and sorted, and AD-

compatible wastes will enter the AD system and the AD-

incompatible wastes will enter the Inc facility and the 

residue left will be landfilled. The facility’s advantages 

would be: 

 

 Less burden for people to separate waste 

 Decrease in collection cost 

 Biogas recovery 

 Higher incineration efficiency 

 

This system is said to reduce carbon emission that is in 

line with the government’s plan on establishing a Low-

Carbon society that is why subsidies were given to 

constructing these facilities. However, the advantages are 

claimed by manufacturers only. Quantitative and qualitative 

analysis has not been established; making it important to 

investigate the actual facility in operation to know whether 

the advantages are true. 

 

Figure 2. Combined system facility flowchart 

 

 

Target Facility and Methodology 

 

For this study, the first target facility is Nantan Clean Center 

(Nantan) located in Hyogo prefecture and became 

operational in August 2013. The second one is Green Park 

Hofu (Hofu) located in Yamaguchi prefecture and started its 

operation in April 2014.  

Figure 3 shows the simple flowchart of the two facilities. 

AD-compatible wastes refer to food waste and paper and 

AD-incompatible wastes are plastic and textiles. The 

digested sludge after dewatering process is sent to Inc 

facility. The symbol “S” represents the sampling locations 

where the red background is for Nantan and the blue ones 

are for Hofu. Sampling was done two to four times in each 

Figure 1. Waste disposal system with AD 



location on July and November 2017 for Nantan and 

December 2017 for Hofu. Hofu accommodates wastewater 

that enters to AD while Nantan treats purely solid waste. 

Moreover, the machine used for the sorting in Nantan is 

hammer-mill while vibration type sorter is used for Hofu as 

seen in Figure 4. 

Figure 3. Simple flow chart and sampling locations 

 

Figure 4. Hammer-mill (left) and vibration type sorter 

(right) 

 

The flow of sample preparation and analysis is shown in 

Figure 5. After drying, the waste composition was analyzed 

into paper, textile, plastic, residue and others. Residue in this 

study will refer to the food and garden waste, and fine 

fractions left. The samples were then grinded and subjected 

to proximate analysis, TOC, respiration test, BMP test and 

bomb calorimetry analysis.  

Figure 5. Analysis flow chart 

Results and Discussion 
 

Result of composition analysis is shown in Figure 6 in wet 

basis. AD and Inc refers to waste entering the AD and 

Incineration facility, respectively. SS refers to solid sludge 

and BS for waste before separation. For Nantan, 1 refers to 

the samples taken in July and 2 for November. Sampling in 

November was done twice corresponding to 2-1 and 2-2. For 

Hofu, it was conducted four times, thus, 1-4 was written.  

 

 

 

 

 

 

 

   

 

 

 

 

          

Figure 6. Composition analysis of waste in Nantan (left) and 

Hofu (right) in wet basis 

 

Moisture content entering the AD in Nantan is about 60-

70% with high residue content while lower moisture 

percentage enters the Inc facility with significantly larger 

textile and plastic content. Solid sludge, which is the product 

of digestion, only contains residue and plastic because the 

latter can’t be digested by microorganisms while residue is 

consist of dead microorganism bodies and fine digested 

material. On the otherhand, for Hofu samples, there is no 

significant difference in the moisture content and the other 

composition before separation and entering the AD and Inc 

facility. It was also observed that most samples collected in 

Hofu are still in their original size and not shredded or 

crushed so well.  

 

Figure 7. TOC vs combustibles for Nantan (left) and  

Hofu (right) 

 

TOC content is plotted against combustible fraction to 

determine the physical properties of waste as shown in 

Figure 7 in wastes from Inc and AD. The straight lines 

represent the TOC content with respect to its combustible 

fraction for polyethylene and cellulose, respectively. Results 

show that TOC in paper is similar to cellulose and TOC in 

plastic is similar to polyethylene. Textile, on the otherhand, 



is composed of natural and synthetic fibers and its 

composition is in between the two lines. Residue has a 

similar property with paper as it is mostly composed of 

biodegradable compounds consisting of carbohydrates and 

fats. This shows that residue and paper are good for AD and 

plastic is good for Inc. Comparing the samples from the two 

facilities, Hofu’s residue has lower amount of combustible 

material and its property lies between polyethylene and 

cellulose.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Biodegradable carbon vs TOC 

 

The percentage of biodegradable carbon in wastes from 

AD and Inc are shown in Figure 8 from the BMP test result 

of Nantan (circles) and Hofu (squares). The straight lines 

represent the decomposition percentage. Residue and paper 

are considered easily biodegradable material, however only 

40-80% of carbon is decomposed. It can be because of the 

properties of waste samples; dog food and office paper can 

obtain 100% biodegradation, however residue sample 

contains other materials that are not easily biodegradable 

such as wood and for paper, it also contains cardboard, 

carton boxes and their degradation is less than 100%. For 

textile, less than 40% of carbon is decomposed; this 

biodegradable carbon is because of the natural fiber present. 

Plastic is considered as non-biodegradable material however, 

for the result, it contains less than 20% biodegradable carbon 

which can be because of the attached residue. Comparing the 

results of two facilities, Hofu’s biodegradable wastes 

(residue and paper) has lower decomposition value than 

Nantan’s biodegradable wastes. 

 

Figure 9 shows the calorific value of Nantan’s waste 

taken in November (Nantan 2) where the lines represent the 

calorific value of polyethylene and cellulose. Plastic has the 

same calorific value as polyethylene and have the highest 

energy content due to its high carbon and hydrogen content, 

and high amount of combustibles. The energy property of 

paper shows the same as cellulose and the calorific value of 

textile and residue lies in between the two lines. 

Only Nantan facility will be given detailed discussion 

regarding its material and energy flow especially waste 

samples taken in November due to the lack of information 

about the amount of waste input in AD and Inc for Hofu 

facility.   

Figure 10. Composition and biodegradable carbon ratio 

 

Comparing the flow of residue and paper in dry mass in 

Figure 10, it can be observed that the mass ratio that enters 

the Inc to AD is 1:4. This shows that the efficiency of sorting 

machine to separate biodegradable waste is good since the 

main goal of AD is to recover the biodegradable carbon to 

produce biogas. On the otherhand, the ratio of biodegradable 

carbon in Inc to AD is 1:3. The ratio becomes smaller 

because plastic and textile also contains biodegradable 

carbon due to the adhered residue.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Ratio of moisture content and heating values 

 

The flow of moisture content, higher and lower heating 

values of waste is shown in Figure 11. It shows that from the 

viewpoint of energy flow, the sorting machine has a high 

performance since lesser moisture enters the Inc 

corresponding to higher incineration efficiency together with 

high textile and plastic content which would increase the 

heat to be recovered. Moreover, the energy content of waste 

is equally distributed in the two systems. The energy that 

enters to Inc is mostly due to the plastic present and for AD, 

because of residue. The lower heating value (LHV) of waste; 

which is calculated as the difference of the higher heating 

0.54 0.46 

0.49 0.51 

Figure 9. Calorific value (CV) of Nantan 2 wastes 

 



value of all waste samples and the heat of vaporization of 

water, that enters to AD is the same as the LHV that enters 

the Inc because wastes in AD has much more moisture 

content and plastic in Inc has the highest energy value. 

Figure 12. Power output in the system 

 

In Nantan, 616.5 tons of waste enters the AD, 286.9 tons 

enters the Inc facility and 291.1 tons of solid sludge with 

water from AD is incinerated for the month of November. 

From these, three theoretical situations were established; if 

all wastes will go to AD, Inc and combined system, 

respectively, to determine which system can yield the 

highest power output. The calculation for AD was based 

from the volume of methane produced and its equivalent 

calorific value and the power generation efficiency of biogas 

according to the manufacturer’s report, 37% [3]. For Inc, it is 

based upon the LHV of waste and the percentage heat 

recovery, 15.3% [3]. For combined system, it is the 

combination of AD and Inc. Figure 12 shows the power 

output under the conditions stated. The lowest energy 

recovery will occur if all waste will go to AD since textile 

and plastic cannot be utilized and residue and paper’s 

biodegradability is around 40-60% only. If treatment is Inc 

alone, it will yield higher energy since all waste’s energy can 

be utilized but if more moisture would enter the Inc facility, 

it will lower its efficiency. Combined system will produce 

the highest output given that the sorting machine have a high 

performance to separate biodegradable matter and moisture 

to plastic and textiles so more biogas can be recovered and 

Inc can have higher efficiency. Moreover, the solid sludge 

from the AD entered the Inc for higher energy utilization. 

 

 
Conclusion 
 

To achieve a Low-Carbon society, the MOE aims to 

drastically cut Japan’s carbon emission by providing 

subsidies to the establishment of combined system in 

treating solid waste. This study conducted quantitative and 

qualitative analysis of the system by analyzing the material 

and energy flow of waste together with the efficiency of 

sorting machine. The facilities involved are Nantan Clean 

Center and Green Park Hofu. However, due to insufficient 

data of Hofu, material and energy balance were not 

calculated. From the material and energy flow of waste 

samples in Nantan, it shows that the sorting machine has a 

good performance. 80% of biodegradable waste goes to AD 

system and 24% moisture with more plastic entered the Inc 

system. However, it was found that only 60% of carbon in 

residue and paper were degraded and textile and plastic 

produced biogas to some extent due to the attached 

contaminants. On the otherhand, combined treatment system 

can generate 600kW of power which is the highest 

comparing to incinerating all combustible waste, which is 

similar to treatment system in some areas in Japan. However, 

only energy flow of waste was conducted and not the overall 

energy balance of the system due to the limited facility 

information acquired. Thus, it is important to consider not 

only the energy produced but as well as the energy input and 

the energy consumed by the system which will be the future 

need of the study.  
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