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Abstract 

12,663 tons of food waste per day occurred in 2013, accounting for the second largest 

amount of organic waste followed by livestock excretions. However, no effective 

treatments for such waste have been carried out. Food waste can considered as potential 

organic resource, and it can be approached as alternative resource through the property 

analysis. The amount of its generation can be treated with a method to adjust the loading 

ratio of organic matter by mixing additional mount to a facility where digestion gas is 

generated or an existing sewage treatment plant. 22 types of odorous substance generated 

from food waste are classified and managed, and it is expected that such odorous 

substances reflect the characteristics of eating habits in Korea. Current standard 

substances from food waste are the composition for evaluating the mechanical 

characteristics of disposer and the representative standard specimen reflecting leachate 

and other substances should be considered for odor evaluation. 
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1. Introduction 

According to the London Dumping Convention, ocean dumping of wastes has been 

prohibited since 2013 [1]. The relevant policies present detailed items to evaluate the 

value of waste and utilize as potential resource, not to be limited to the treatment of 

generated waste. 

The waste-related policies in Korea mainly focused on the safe handling in 1980s, but 

the efforts to recycle waste into resource were made from 1990s to the early 2000s. In the 

mid 2000s, the potential value of waste was expanded and the approach was made with 

the concept of resource circulation. Recently, the Resource Re-circulation Society 

Transition Promotion Act has been proposed and currently in the drawing up process [2]. 

The Resource Re-circulation Society Transition Promotion Act includes recycled resource 

recognition system, recycled resource performance management system, support of 

resource recycling industry and charge system for waste disposal. The recycled resource 

recognition system includes the contents of excluding waste from the range of water when 

it meets certain standards in order to maximize the recycling usage. The recycled resource 

performance management system minimizes the input of natural resources by managing 

the performance of resource recycling and expanding the usage of recycled resources in 

consideration of technology level and characteristics of business category. The support of 

resource recycling industry includes contents regarding financial, technological, legal and 

administrative supports. The charge system for waste disposal reduces simple landfill or 

incineration of recyclable resources and leads virtuous circle to minimize the disposal of 
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waste. It is expected that the Resource Re-circulation Society Transition Promotion Act 

will give a positive effect to the relevant economy and industries by expanding the usage 

of recycled resources and increasing the annual amount of waste recycling by 10 million 

tons. Also, the surrounding environments are improved and the local residents are 

supported to solve a conflict between a party who discharges waste and the surrounding 

area of landfill site. 

In this study, we will review about food wasted generated in Korea in a view of 

potential and recycling resource and the substances causing malodor of food waste, 

especially in Korean food culture. 

 

2. Reviews and Discussions 
 

2.1. Food Waste Generated in Korea 

Organic wastes mean almost near-solid organic matters generated from sewage and 

waste treatment process in the agricultural and livestock industries, and animal waste, 

sludge and food waste are included. The amount of organic wastes generated in the 

country is approximately 171,449 tons (density 1.015 ton/m3, 2010) and animal waste 

accounts for the highest portion as 80%, followed by sewage and waste sludge and food 

waste (Figure 1, [3]). Generated organic wastes are processed in various methods 

including landfill, incineration, recycling and ocean dumping. The investigation result 

shows that most organic wastes are being recycled. However, it is reported that its 

economic feasibility and effectiveness are relatively low. Therefore, the relevant 

technologies, policies and industrial management measures should be improved (Figure 

2). Ocean dumping has been prohibited in the country since 2013 according to the London 

Dumping Convention. Also, it is expected that the restriction on landfill will be tightened 

according to the Resource Re-circulation Society Transition Promotion Act. 

According to the analysis result of organic waste ingredients [3], it has the equivalent 

caloric value with anthracite which has the average caloric value of 3,755 kcal/kg without 

being processed so that it can be approached as fuel resource (Table 1). However, it 

contains 0.48% of salt content based on NaCl and 205 ppm of heavy metals so that its 

value as compost and feed should be improved in terms of quality and risk assessment of 

the product. Especially for food wastes, it has high salt concentration; hence, can cause 

imbalance in livestock products. And heavy metals content was especially at low level. It 

also generates high heat, over 4,655 kcal/kg, reaching low-level fuel resource. 
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Figure 1. The Domestic Portion of Organic Wastes (Except Animal Waste, 
Ton/d, National Institute of Environmental Research, 2012) 

 

Figure 3. Treatment Portion for Each Organic Wastes (National Institute of 
Environmental Research, 2012) 
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Table 1. The Ingredients Analysis of Organic Wastes Generated in Korea 
(National Institute of Environmental Research, 2012) 

 

Waste

water 

sludge 

Vegetabl

e/Animal 

origin mater 

Animal 

waste 

Sewage 

sludge 

Food 

waste 

Animal 

waste 

sludge 

C/N 15.4 16.8 12.2 11.0 13.7 9.1 

NaCl(

%) 
0.2 0.55 0.61 0.2 1.1 0.21 

Heat 

(cal/g) 
3,274 3,966 3,818 2.648 4,655 4,170 

Heavy 

metal(pp

m) 

129.0 27.6 4.9 135.7 1.9 89.3 

 

2.2. Recycling Source as Upcoming Generation in Korea 

The Environmental Energy Center has been established in Hongcheon, Gangwon 

Province which is considered as a successful demonstration case [4]. This Energy Town is 

developed into the facility which provides energy and resources from waste by linking the 

bio gas plant which converts animal waste accounting of the largest production amount 

among organic wastes into methane gas, compost and liquefied fertilizer resource 

recycling facilities. The daily processing amount is approximately 100m3 of mixture 

between animal waste (80%) and food waste (20%). Approximately 50m3 of anaerobic-

digested fluid and dewatered cake generated from the bio gas plant is recycled as resource 

through the compost and liquefied fertilizer resource recycling facilities. The STP hydro 

power plant and the solar power plant using a wide site have been added, enabling the 

function of ecological production complex to provide energy to the surrounding areas. 

Especially, focus was made on the linkage with local residents so that the economic 

benefits of resident have increased to 190 million KRW a year and the number of families 

has increased from 57 families to 70 families so that it is recognized as a successful case 

for the development of local community. 

Leachate from food waste is highly concentrated organic waste water which requires 

additional facility for treatment but it would be possible treat such waste water with a 

method to reduce its load by mixing it in an existing sewage treatment plant. If the 

technology to mix leachate in a sewage treatment plant is established, it will be possible to 

review a measure to utilize generated sludge as the secondary organic resource without 

additional facility. 

The Ministry of Environment established the master plan for energy independence of 

sewage treatment plants in order to confirm the energy potential of domestic sewage 

treatment plants [5]. 357 domestic sewage treatment plants process 23.82 million tons of 

sewage a day (2010). The amount of electric energy produced currently from the sewage 

treatment plants is 14,998 MWh/year (2007). The energy sources which can be used in 

the sewage treatment plants can be classified into sewage sludge which is organic 

resource and sewage water which is water resource. Sewage sludge is intensive organic 

resource and the typical technology converts it into methane gas through the anaerobic 

digestion. The electric power production unit per removed BOD is known to be 2.353 

KWh/kg·BOD. It is expected that the electric power production of 299 GWh per year will 

be possible from 38 sewage treatment plants where digestion gas over 2,000 Nm3 a day is 

generated. The energy can be recovered from sewage water through small hydropower 

generation using sewage heat source and head drop. Sewage water has potential energy as 

20~25℃ during summer and 8~13℃ during winter. Sewage heat source can be converted 

into heat energy through the heat exchanger and it can be recovered effectively through 
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the heat pump. It is expected that electric power of 11 GWh per year can be produced 

from 15 plants with head drop over 2 m sewage hydraulically. 

In U.S,, a 200 kW fuel cell facility using digestion gas generated from sewage 

treatment plants has been installed and operated since 1997 and it produces energy more 

effectively through the linkage with solar light power generation system, replacing 

required electric power. 

 

2.3. Designated Odor-Producing Substances 

22 substances have been designated according to the domestic odor prevention law, 

and these substances can be classified into material groups including carbonyl, reduced 

sulfur, nitrogen, VOC(volatile organic compound) and organic acid (Table 2). Each 

substance causes odor which is generated when organic matters such as food wastes or 

sewerage decompose, and it generates pungent smell even at low concentration. The 

sensory method which classifies and evaluates the level of odor sensed by human being 

into 5 levels is used as a typical indicator to evaluate complex odor in the country. 

Although the contribution level of odor varies according to the cause substance, it can be 

quantified according to the Weber-Fechner law which shows the relationship between 5 

odor levels and the concentration of each substance [6]. 

Y = A·logX + B 

Table 2. Material Groups by Domestic Odor-Prevent Law 

Grouping Malodor substance 

Carbonyl 
acetaldehyde, propionaldehyde, butyraldehyde, n-valeraldehyde, 

i-valeraldehyde 

Reduced sulfur 
methyl mercaptan, hydrogen sulfide, dimethyl sulfide, dimethyl 

disulfide 

Nitrogen ammonia, trimethylamine 

VOC 
styrene, toluene, xylene, methyl-ethylketone, methyl-iso-

butylketone, butyracetate, i-butyralcohol 

Organic acid propionic acid, n-butyracid, n-valeric acid, i-valeric acid 

 

Y is the odor level and X is the concentration of odor causing substance. The 

concentration is converted within the range of 5 odor levels by A and B. The specific 

figures of A and B were presented for various substances by Nagata et. al., Meanwhile, 

the contribution level of complex odor varies according to the interaction of odor 

producing substances, so it should be evaluated again. In addition, there is also a method 

to investigate the odor detection threshold concentration in comparison to the generated 

concentration and evaluate it as a relative index. 

 

2.4. Production of Korean Standard Specimen for the Odor Generation Analysis 

The production of standard specimen regarding food waste was suggested for the purpose of 

designing the disposal under the Sewerage Act. The detailed composition was classified into grain, 

vegetable, fruit and fish and meat, resulting from the statistics of food waste [7]. Actual statistical 

data included leachate and other substances but the relevant part was not reflected since it was 

considered for the purpose of checking the mechanical operation of the disposer. 

Rice (grain), Chinese cabbage, potato, onion, white radish (vegetable), apple, tangerine, orange 

(fruits), pork and mackerel (fish & meat) that were consumed frequently by Korean people were 

presented in some detail for raw materials to produce the standard specimen actually. The measure 

to apply Kimchi which is the staple food of Korean should be examined for the standard specimen 

for actual odor generation in consideration of leachate and other matters. 
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Table 3. The Portion of Food Waste and Standard Specimen in 
Korea(%,Ministry of Environment, 2007) 

 Seoul Korea Law 

Vegetable 28.6 31.1 50.0 

Fruit 26.9 19.9 14.0 

Grain 15.7 20.1 16.0 

Fish & Meat 150.5 14.1 20.0 

Leach 7.0 5.4 - 

Other 11.4 9.4 - 

 

Kim, K. et. al., carries out the analysis of odor generated by decomposing ground meat 

and salted mackerel for 40 days [8]. The concentration generated until Day 8 was 

summarized the reports. The concentrations calculated as odor level 5 according to the 

Weber-Fechner formula are re-evaluated. Acetaldehyde, iso-valeraldehyde, valeraldehyde 

and ammonia generated the concentration falling under odor level 5 in both specimens 

and the concentration of hydrogen sulfide and methy mercaptan in case of only ground 

meat and the concentration of butyraldehyde in case of salted mackerel fell under odor 

level 5. 

Ahn, J. et. al., let quail egg, mackerel and cuttlefish decompose for a month and 

recorded the occurrence trend of Nitrogen-based odorous substances such as 

trimethylamine and ammonia (Figure 4, [9]). Quail egg showed the odor level of 5 ~ 6 

from Day 1 of decomposition. In case of Mackerel, trimethylamie showed the odor level 

around 3~5 and ammonia showed the odor level around 6~7. In case of cuttlefish, odor 

was generated continuously at odor level of 5 from trimethyl amine and odor level of 7 

from ammonia. 

 

 
a. Ammonia 

 



International Journal of u- and e- Service, Science and Technology 

   Vol.9, No. 9 (2016) 

 

 

Copyright ⓒ 2016 SERSC  401 

 
b. trimethylamine 

Figure 4. Ammonia and Trimethylamine Generates from 3 Decomposed 
Foods(Ahn, J. et. al., 2007). 

Jung, J. et. al.,(2003) analyzed the odorous substances generated by date by 

decomposing meat, fish and vegetable that were main material of food waste [10]. The 

following Figure 5. show the odorous substances generated from meat, fish and vegetable 

converted and recorded into the odor level after the decomposition period for 44 days. 

Bulgogi marinated beef which was Korea's representative meat dish was selected for 

meat. Methyl mercaptan was generated occasionally on Day 4, 5, 8 and 9, showing a high 

odor level over 5. Trimethyl amine contributed to odor continuously from Day 6 at the 

odor level of 5. Dimethyl sulfide showed the odor level over 3 from Day 1 and created 

odor continuously until Day 44. Dimethyl disulfide showed the odor level from 5 to 6 

during the decomposition period. In addition, allyl-based sulfide such as methyl allyl 

sulfide, diallyl sulfide, diallyl sulfide was detected. 
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a. meat 

 
b. fish 
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c. vegetable 

Figure 5. Main Malodor Substances from Decomposed Cooked Food (Jung, 
J. et. al., 2003) 

Grilled croaker was used for fish. Similar to meat, methyl mercaptan was detected at a 

high odor level on Day 4 and Day 5. Iso-valer aldehyde showed a high odor level around 

6~7 from Day 6. Trimethyl amine was generated at the odor level around 4 until Day 11.  

Dimethyl disulfide was generated at the odor level around until Day 5 and it disappeared 

after Day 6. Hydrogen sulfide was generated at the odor level around 3~4 until the end of 

the decomposition test. In addition, propyl mercaptan, methyl allyl sulfide and diallyl 

disulfide were detected. In case of vegetable, a variety of vegetables including white 

radish, green onion, cucumber, Chinese cabbage and crown daisy were mixed. Hydrogen 

sulfide was generated at the odor level around 4 on Day 4 and Day 5. Methyl mercaptan 

was generated intermittently on Day 4 and Day 5 and Day 8 and Day 9 but the odor level 

was high. Trimethylamine was generated from Day 6, showing the odor level of 5 until 

the end of decomposition test. Dimethyl disulfide and dimethyl disulfide contributed to 

odor from Day 1 to the end of decomposition test at odor level around 3~5 respectively. 

The main odorous substances generated from each material are summarized as follows 

(Table 4). 

Table 4. Odorous Substance Generates in Korean Food 

material odorous substance references 

meat 

ground 

meat 

acetaldehyde, iso-valeraldehyde, 

valeraldehyde, hydrogen sulfide, methyl 

mercaptan, dimethyldisulfide, ammonia 

Kim, K. et. 

al.,(2006) 

beaf 
(Bulgogi) 

methyl mercaptan, trimethyl amine, 

dimethyl sulfide, dimethyl disulfide 
Jung, J. et. 

al.,(2003) 

fish 

macker

el 
trimethyl amine, ammonia 

Ahn, J. et. 

al.,(2007) 

cuttle 

fish 
trimethyl amine, ammonia 

Ahn, J. et. 

al.,(2007) 
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salted 

mackerel 

pike  

acetaldehyde, butyraldehyde, iso-

valeraldehyde, valeraldehyde, ammonia 
Kim, K. et. 

al.,(2006) 

heated 

croaker 

methyl mercaptan, iso-valeraldehyde, 

trimethyl amine, dimethyl disulfide, hydrogen 

sulfide 

Jung, J. et. 

al.,(2003) 

vegeta

ble 
mixed 

hydrogen sulfide, methyl mercaptan, 

trimethyl amine, dimethyl sulfide, dimethyl 

disulfide 

Jung, J. et. 

al.,(2003) 

others 
quail 

egg 
trimethyl amine, ammonia 

Ahn, J. et. 

al.,(2007) 

 

3. Conclusions 

In this study, a paper regarding the domestic organic waste generation status including 

food wastes, recycling possibility, processing technologies and generated odor was 

reviewed. The review result showed that there was a national demand of recycling wastes 

through the Resource Re-circulation Society Transition Promotion Act in the domestic 

waste policies. Especially, organic waste is considered as resource with high potential 

value. Food waste shows a high recycling portion through feed and composting processes 

but it has low economic feasibility and effectiveness, requiring technical improvements. 

Organic waste including food waste can be processed comprehensively through the 

merged processing at a sewage treatment plant and technical developments that could 

convert generated waste into digestion gas and fuel cell have been achieved. 

There are 22 designated odor producing substances generated from food waste in the 

country and the odor contribution level of substances can be evaluated according to 

complex odor and separate concentration. Frequently generated substances can be 

selected through the literature review and such literature can be used as important 

reference for deodorization. 
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