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INTRODUCTION

By the legal terms of the Waste Control Act in Korea, 
‘food waste’ describes organic waste, including leftover 
food, disposal storage of food, and food industry by–prod-
ucts (Kim et al., 2010).  The quantity of food waste has 
gradually increased with population growth and lifestyle 
improvements, and consisted of approximately 27.4% of 
total waste in Korea for 2014 (MOE, 2015).  Food waste 
in Korea contains high moisture content, about 80 to 
85%, and spoils easily, causing bad odors.  These are 
many problems related to the storage, transportation, dis-
posal, and treatment of food waste.  Contamination of the 
recycling stream by food waste downgrades the quality 
of recycled products (Park, 2003).  Additionally, decom-
posed food waste buried in landfills can cause stench and 
leachate, meaning that appropriate treatment facilities 
must be built, thus increasing disposal costs (Namkoong, 
2002).

Food waste is a worldwide issue that has caused envi-
ronmental problems, deterioration of residential environ-
ments, and additional landfills and incinerators to pro-
cess the waste.  A solution to these problems is necessary 
for advancing the standard of living in modern societies.  
Existing food waste management policies include expan-
sion of recycling, improvement in transport, expansion 

of treatment facilities, and development of appropriate 
processing technologies that place an emphasis on rapid 
treatment.  The continued increase in food waste dis-
posal, however, has caused economic and social problems.  
In response, the government has implemented policy to 
emphasize reducing food waste (Kim, 2010).  Retrieval 
of food waste in Korea has been implemented gradually 
by a series of policies: organic waste sorting in 1998, land-
fill bans in 2005, implementation of the volume–rate dis-
posal system in 2012, and total prohibition of the sea–
dumping of wastewater in 2013 (Phae et al., 1999).  The 
enforcement of food waste–related policies up to 2012 
reduced the amount of food waste 20% or more and 
caused an economic effect of approximately 160 billion 
won (Shin, 2013). 

Since the implementation of recycling businesses by 
local councils beginning in 1996, many partially recover-
able recycling facilities have been built.  At first, mainly 
feed production and composting were enforced.  
Processing methods have gradually expanded to include 
other methods, such as merging sewage and food waste 
treatment, mushroom cultivation, anaerobic digestion, 
earthworm breeding, carbonization, and so on (Ryu et 
al., 2004).  Food waste recycling industries need to 
improve their industrial competitiveness through imple-
mentation of specific management strategies, and recy-
cling industries need to be established as a commercial 
industry for continuous growth.  

The purpose of this study, therefore, was to provide 
objective and systematic patent information for use in 
strategic programs for recycling research and develop-
ment.  Patents from five areas—Korea, Japan, Europe, 
the USA, and China—were confirmed from 1990 (by fil-
ing date) to May 2014 (by research initiation date).  A 
total of 22,972 valid patents related to the relevant tech-
nologies were analyzed. 
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MATERIALS AND METHODS

Criteria for valid patents 
Only valid patents related to food waste treatment 

and disposal technologies and issues were included for 
this study.  The limited patents related to treating 
manure, carcasses, and wastewater was excluded.  
Patents dealing with mass reduction were included for 
the analysis.  These patents covered technologies for 
dehydration and other weight loss treatments for organic 
waste resources, such as by–products of the food waste, 
agricultural, and fishery industries.  Patents dealing with 
waste collection and other treatments were included for 
the analysis.  These patents covered technologies for 
salinity management, spoilage control, disinfection, odor 
treatment, and foreign matter separation during the col-
lection process.  Patents dealing with billing and metering 
technologies of organic waste collection were included 
for the analysis.  Patents dealing with waste disposal were 
included for the analysis.  These patents covered tech-
nologies for household disposal.  Patents dealing with 
feed, fertilizer, and compost production technologies 
were included for the analysis.  Patents dealing with 
energetics technologies for use in the production of fer-
tilizer and compost were included.  Patents of other 
organic waste recycling methods were also included.

RESULTS AND DISCUSSION

Foreign waste production 
The amount of waste produced in 2012 by the United 

States was 250,890 tons per day, almost the same as in 
the previous year (250,380 tons per day).  The total 
amount of waste consisted of 71.3% classified wastes 
and 28.7% other wastes.  Others consisted of 49% food, 
46% grass clippings, 5% inorganic waste, and so on (EPA, 

2012).  According to data from the National Bureau of 
Statistics of China, the daily average amount of food 
waste in year 2013 was 166,000 tons per day, and the 
annual average food waste was 60,660,000 tons, or 37% 
of the total waste.  The amount of all types of waste in 
Japan showed a gradual reduction from 2003 to 2013.  
The daily waste disposal per capita also decreased.  The 
largest portion of waste in Japan was as consumable 
waste, followed by household and business wastes.  
According to Gustavsson et al. (2011), the annual 
amount of food losses during harvest, storage, and trans-
port along with food waste were close to 1.3 billion tons 
globally in 2013.  Fruits and vegetables are the most 
commonly thrown away food waste items. 

Korean waste production 
The annual production of food waste in Korea is 

shown in Table 1.  The total waste in 2013 was 382,081 
tons per day, a similar amount as in 2012 (382,009 tons 
per day).  The amount of waste in 2012 consisted of 
48.9% construction waste, 38.3% business waste, and 
12.8% consumable waste.  Construction and business 
wastes increased slightly since 2008, while consumable 
waste continuously decreased.

Foreign waste treatment status 
Annual waste management for the USA is shown in 

Table 2.  The amount of waste treated in 2012 was 
86,620 tons, a similar amount to the previous year, with 
65,290 tons going to recycling (75%) and 21,330 tons to 
composting (25%).  The Chinese food waste treatment 
capability in 2013 was an average of 8,200 tons per day, 
and the harmless treatment rate was 5%.  However, the 
expected amount of food waste treatment in 2016 is only 
an average of 30,000 tons per day, with a harmlessness 
rate of 16.7%.  This means that there is a shortage of food 

Table 1.  Municipal solid waste generation in Korea, 2008–2013
Unit: ton/day

Year
Method 
of disposal

2008 2009 2010 2011 2012 2013

Construction 176,447 183,351 178,120 186,417 186,629 183,538

Business 130,777 123,604 137,875 137,961 146,390 149,815

Consumable 52,072 50,906 49,159 48,934 48,990 48,728

Total 359,296 357,861 365,154 373,312 382,009 382,081

Table2.  Waste disposal methods in the USA by year
Unit: ton/day

Year
Method 
of disposal

2000 2005 2008 2010 2011 2012

Recycling 53,010 59,240 61,900 64,990 66,310 65,290

Composting 16,450 20,550 22,100 20,170 20,570 21,330

Total 69,460 79,790 84,000 85,160 86,880 86,620
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waste treatment facilities.  The Japanese annual waste 
treatments are shown in Table 3.  The incineration and 
feed resources of Japanese waste treatment remained at 
a similar amount or slightly decreased, but the compost-
ing facility capacity gradually increased.  Direct incinera-
tion of waste was the largest treatment amount, followed 
by recycling and composting.

Korean waste treatment status 
Annual waste treatment amounts in Korea are shown 

in Table 4.  The primary waste treatments in Korea were 
recycling and landfill, while incineration and ocean–
dumping had insignificant levels.  Recycling and inciner-
ation proportions gradually increased, while a decreas-
ing trend can be seen for landfill and sea–dumping pro-
portions.

Patent trends by country 
The annual patent status of food waste technologies 

in the major regional markets is shown in Fig. 1.  Patent 
applications related to food waste treatment and recy-
cling technologies appeared in 1973, but activity was 
weak until the late 1980s.  Patenting activity had rapid 
increases to a peak between 1990 and the early 2000s, 
followed by a subsequent slight decrease in activity.  
These trends were heavily influenced by an increase in 
global awareness of environmental problems in the 1990s, 
as evidenced in the 1992 UN conference on the environ-
ment and development (Rio de Janeiro, Brazil), the 
London protocol of 1996, and the Kyoto protocol of 1997.  
The nations of Korea, the USA, and China have had 
increasing numbers of patents, while the patent activi-
ties in Japan trend rapidly downwards after reaching a 
peak in the early 2000s.  The patenting activities in 
Europe were generally weak.  Beginning in 1995, Korean 
patenting activities rapidly increased due to the volume–

rate garbage disposal system that went into effect that 
year.  The patenting activities in China were weak until 
the early 2000s, but have become more active since the 
mid–2000s.  Related patent applications have increased 
due to economic growth, increase in income level, and 
population growth in China over the last 10 years.  The 
interest in food waste recycling in Japan was improved 
by penalties and subsidies enacted by the 2001 Food 
Recycling Law, and patent applications reached a peak 
there in the early 2000s.  However, there has been a 
recent downswing in relevant patenting activities due to 
an absence of interest in food waste treatment machines 
to meet the needs of consumers.

Domestic and foreign patent applications in each 
region 

The numbers of domestic and foreign patent appli-
cations in the major regional markets of Korea, the USA, 
Japan, and Europe are shown in Fig. 2.  A national pat-
ent application must be filed at a national patent office 
to obtain a patent in the country of that office.  The num-
ber of patent applications is an indicator of the patent 
rights activity in a specific market.  The applicant coun-
try can be attributed to the country of applicant resi-
dence, or to the patent ownership country.  The country 
of applicant residence can be classified as domestic or 
foreign to identify the predominant native technologies 
and any reliance on foreign technologies.  By tracking 
annual changes in the numbers of domestic and foreign 
patent applications, it is also possible to grasp the inflow 
of foreign technologies to a specific market.  Referring to 
Fig. 3, all nations except the USA and Europe have very 
few foreign applications, so patent rights have been 
mainly formed for domestic residents.  The applicants 
with Korean and Japanese nationality are in the top 3 for 
all regions except Europe, and have a relatively active 

Table 3.  Waste disposal methods in Japan by year
Unit: ton/day

Year
Method 
of disposal

2007 2008 2009 2010 2011 2012

Recycling 37,011 35,742 34,517 33,799 34,327 35,311

Composting 129 136 152 165 184 160

Feed 0 4 8 5 8 7

Resources 3,417 3,109 3,025 3,198 3,125 3,040

Table 4.  Waste disposal methods in Korea by year
Unit: %

Year
Method 
of disposal

2008 2009 2010 2011 2012 2013

Recycling 82.3 81.7 83.4 83.7 84.4 84.0

Landfill 10.5 11.1 9.4 9.1 8.8 9.3

Incineration 5.2 5.2 5.3 5.6 6.0 6.0

Ocean–dumping 2.0 2.0 1.9 1.6 0.8 0.7
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study.  Domestic and foreign patent activity in the USA 
has been continuously active since the early 2000s, while 
in Europe applications from aliens have surpassed those 
by locals during that time.  Higher technology independ-
ence is evident for Korea, Japan, and China, with domi-
nantly domestic patent activity.

Regional technology market growth
Development of food waste treatment and recycling 

technologies through time for the five regions is shown 
in Fig. 3.  Patent application trends are divided into 5 
periods, with the total number of patent applicants and 
applications shown by region for each period.  The size 
of the bubbles indicates the technology strength, while 
the line indicates trends through time.  The study years 
were divided into 5 periods: Period 1 – 1988 to 1992, 

Period 2 – 1993 to 1997, Period 3 – 1998 to 2002, Period 
4 – 2003 to 2007, and Period 5 – 2008 to 2012.  Korean 
patent technologies have remained in the growth phase, 
as indicated by the continuous increase in application 
numbers from Period 1 to Period 5.  This rapid techno-
logical development was achieved through a significant 
increase in the number of applicants and applications 
from Period 2 to Period 3.  American patent technologies 
are also in the growth phase, with a continuous increase 
in the numbers of applicants and applications from 
Period 1 to Period 5, though the total numbers are low.  
It is assumed that this is due to a lack of technical sup-
port for food waste treatment and recycling in the USA.  
Japanese patent technologies were in the growth phase, 
with the numbers of applicants and applications increas-
ing from Period 1 to Period 4, but then decreasing in 

Fig. 1.  Trends in patent applications by country.
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Period 5.  Additionally, a rapid decrease in the numbers 
of applicants and applications from Periods 3 and 4 to 
Period 5 is interpreted to have greatly reduced the fre-
quency of technical development.  It is assumed that this 
is due to a large effect from large–scale national support 
in Japan in the late 1990s.  The more recent decline phase 
appears to be due to a lack of national support.  The 
position of patent technologies in Europe went through 
a growth phase, with a continuous increase in the num-
bers of applicants and applications from Period 1 to 
Period 3, followed by a gradual decline phase to Period 5.  
Accurate analysis is very difficult due to a lack of patent 
data in Europe.  Patent technologies in China show a con-
tinuous increase in the numbers of applicants and appli-
cations from Period 1 to Period 5, with a large leap in 
applications between Period 4 and Period 5.

Core Technology Analysis
The numbers of patent applications for waste treat-

ment and recycling technologies in the major regional 
markets for each period are shown in Fig. 4, and the pro-
portions of the technical share of each technology cate-
gory for each period are shown in Fig. 5.  There were 
more applications for collection–processing technologies 
than for weight loss technologies, except in Period 1 
(1988 to 1992).  From the beginning, patent activity in 
composting technologies has been the most active.  
Recently, the patent activity in energetics technologies 
has become more active, while that in feed technology 
has become relatively weak.  The reduced importance in 
feed technologies is due to the fact that most of the ani-
mal feed products come from cheap cones and grains in 

Fig. 2.  Domestic and foreign patent applications in the major markets.
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the USA and Europe.  Non–uniform nutrients and infec-
tion by pathogenic microorganisms are both problems 
with using waste material.  The share of the treatment 
field increased in Period 5 (2008~2012), because of an 
increasing spread in treatment technologies for house-
hold food waste.  Patent activities in the metering and 
billing system have primarily occurred in Korea, with very 
slight activity in the USA, Japan, Europe, and China.  It 
is assumed that pay–as–you–dispose policies in Korea 
have spurred instantaneous meter–reading technology.

Major Patent Applicants
Table 5 shows the multi–patent applicants for each 

country, and the patent technologies that they have con-

centrated on.  The related major patent applications have 
been displayed separately for each technology category, 
so that it is possible to identify the variety of technologi-
cal fields applicants have concentrated on.  Woongjin 
Coway, Daewoo Electronics, and LG Electronics have 
been the major patent applicants in Korea.  Patent activ-
ities were dominated by Emerson Electric and Xyleco Inc. 
in the USA, and by Panasonic Corp. and Sanyo Electric 
in Japan.  Patent activities were dominated by Emerson 
Electric and Xyleco Inc. in Europe.  Universities that are 
multi–patent applicants occupy the position just below 
the international companies.

Fig. 3.  �Patent applicants and applications for five countries, based on the year of application: 1988~1992, 
1993~1997, 1998~2000, 2003~2007, 2008~2012.
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Fig. 4.  �Number of patent applications for recycling technologies 
by category in major market countries.

Fig. 5.  �Percent use of waste treatment technologies by category in 
major market countries.

Table 5.  Main patent application trends in the major markets

Country Republic of Korea U.S.A. Japan Europe China

Name of 
applicant 

(Number of 
patents)

DAWOO 
ELECTRONICS(47)

EMERSON 
ELECTRIC(51)

PANASONIC 
CORP(313)

EMERSON 
ELECTRIC(32)

EMERSON 
ELECTRIC(32)

LG(37) XYLECO INC(46)
SANYO 

ELECTRIC(62)
XYLECO INC(17) XYLECO INC(11)

WOONGJIN
COWAY(27)

WOONGJIN
COWAY(6)

PANASONIC 
ELECTRIC 

WORKS(50)
EBARA CORP(6)

Tianjin Normal 
University(10)

LONNAI
KOREA(23)

COUNCIL OF 
SCIENTIFIC(6)

MITSUBISHI HEAVY 
IND(37)

WOONGJIN
COWAY(5)

Hunan Univ.(10)

SEO HEE DONG(18)
WOONGJIN
COWAY(5)

EBARA CORP(31) Medoff Marshall(5)
Zhejiang 

University(7)

YANG KYUNG 
SUN(14)

Medoff Marshall(5)
KURITA WATER IND 

LTD(23)
TILS, PETER(3)

North China Electric 
Power University(6)

KOREA INSTITUTE 
OF ENERGY 

RESEARCH(10)

BP CORP NORTH 
AMERICA INC(4)

HITACHI LTD(21)
SORAIN CECCHINI 

S.P.A.(3)
China Agricultural 

University(5)

HANBAT NATIONAL 
UNIVERSITY(7)

VITAG CORP(4) TOSHIBA CORP(20)
SANYO 

ELECTRIC(3)
WOONGJIN
COWAY(4)

GAIA(7)
NUTRACYCLE 

LLC(4)
KUBOTA CORP(18) Nockemann, Otto(3)

Sun Yat-Sen 
University(4)

KKS LAND(6)
MAJESTY THE 

QUEEN(4)
UEDA TORU(15)

Shenyang Aerospace 
University(4)

KIST(6) AB CWT LLC(4)

3,INSTITUTE OF 
GAS 

TECHNOLOGY(4)
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CONCLUSIONS

In this study, 22,972 valid patent applications in 
Korea, the USA, Japan, Europe, and China were analyzed.  
Patent applications for food waste disposal technologies 
began in 1973, but remained low until the late 1980s.  
Additionally, patenting activity rapidly increased to a 
peak between 1990 and the early 2000s, and then 
decreased again.  Even so, patent application activity has 
still been significant.  These trends are a result of a world-
wide increase in the awareness of environmental issues 
in the 1990s, such as from the 1992 UN conference on 
environment and development (Rio de Janeiro, Brazil), 
the London protocol of 1996, and the Kyoto protocol of 
1997.  Regarding the status of domestic and foreign pat-
ent applications in the major regional markets, patent 
activities by the residents were the most active in Korea 
and Japan, but foreign activities were slight in all coun-
tries.  Domestic and foreign patent applications in the 
USA have been continuously active from the early 2000s.  
Since the 2000s, there have been more foreign than 
domestic applications in Europe.  The growth of technol-
ogy markets can be represented by the regional number 
of patent applicants and applications.  Rapid technical 
development in the study period was achieved through a 
significant increase in the numbers of patent applicants 
and applications from 1993 to 2002.  An increased rate 
of the technical share (as represented by the number of 
applicants and applications) in the major regional mar-
kets occurred in the composting and collection–process-
ing technologies.  The share of the feed technology cate-
gory recently increased due to an increase in the tech-
nology development.  Additionally, the share of the 
treatment category has increased since 2008, due to an 
increased spread of household food waste treatment 
technologies.  Patent activity in the metering and billing 
category is greatest in Korea, with low numbers of pat-
ents for this category in the USA, Japan, Europe, and 
China.  The dominant patent applicants in the major 
regional markets are the Korean Daewoo Electronics, 
Japanese Panasonic Corp., and Emerson Electric in the 
USA, Europe, and China. 

The number of patent applications for food waste 
treatment and recycling technologies is heavily influ-
enced by related policies.  Interest in organic compost-
ing and energetics technologies for sewage treatment 
increased significantly from the announcement of the 
London Protocol, and will continue to increase with the 
enforcement schedule of the Sewage Act.  Therefore, an 
active investment to the National Research Department 

and Universities is necessary for the related technical 
development, which is expensive.  Policies are also 
needed to spread study results to small and medium–
sized businesses. 
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