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ABSTRACT : As the increase of domestic sewage treatment plant and reinforcement of the standard of effluent water quality continues,
the volumes of sewage sludge are consistently increasing. Existing treatment of sewage sludge, such as incineration and ocean
dumping has been prohibited because of air pollution and prohibitions towards ocean dumping, and in turn, recycling and energy
recovery from waste methods have being studied recently. However, the lack of technical level and systematic analyses of application
technique are problems, that future analysis of such relative technique would be required. The present study has been investigated
as follows, management technique of sludge, patent on refuse-derived fuel and increase biogas production and utilizable technology,
trend of research paper. Furthermore, research development from five developed nations (Korea, Japan, China, United States, and
United Kingdom), domestic and foreign have been investigated and analyzed by section. In this study, the future technical field which
is required for effective management of sludge has been suggested.
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Table 2. The status of patent on sludge treatment technology
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Table 3. The classification of sludge treatment technology in 5 countries

Country
IPC Code Contents -
USA China Japan Europe Korea
A01C Seeding, Sowing, Fertilization E
A01G Horticulture, Forestry, Irrigation E
BOIC Physical, Chemical methods or general devices F
A, B, C, D
BOID Separation A,B,C,D|ABCF|ABCEF| "~ E’ F’ ’|A,C,D,E, F
BOIF Dissolution, Emulsification, Dispersion B C
BO1J Chemical or physical methods E D
B02C Crushing, grinding or fine grinding general E
B04B Centrifugal separator A
B09B Treatment of solid waste B, F A,B,C,D,F| A B, CF|A B C D
C01B Non-metallic elements or that compound D
A, B, C D, |A B C D, |A B C D, |A B C D, |A B, C, D,
C02 (B, C, F)*| Treatment of water, Waste water, Sewage or sludge
E, F E, F E, F E, F E,F
C04B Mortars, Concrete or similar construction materials C, D, F B, D, F D B, D, F
CO5F Fertilizers from waste or refuse D, E C E C E C E A, B, C E
C07C Acyclic compound or carbocyclic compound C
COSF Carb?n-carbon .macrolmolecular compounds obtained by A F B
reactions only involving unsaturated bond
CO09K Dyes, Paint, Resin etc. unclassified material B, C E
CIOL Unclassified fuel B, F D B, F
CI2N Microorganism or enzyme; The composition A
Cl2p M.ethod for syn.thesizing the desired chemical or composition A B, C
using fermentation or enzyme
C22B Pre-treatment of the fuel F D F F
F23G Incinerate the low-grade fuel by combustion A, D A B, C, D D
F26B Dried.by removing the liquid from the solid fuel or solid C.D,F A D D
material
GOIN Investigating or analyzing materials by detection of the B A

chemical or physical properties of the material

*C02B, C02C is included in group CO2F in IPC (2014. 01)
A (concentration), B (stable), C (improvement), D (dry and high temperature), E (composting), F (dehydrated)
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Table 4, The domestic technology level analysis by utilizing
patent analysis results

Sludge treatment | Share best country National level
technology Technical | Technical

(Classification) level level areas

Vulnerable

Country N

Concentration Japan | Decline Maturity | F23G, GOIN
Stabilization Japan Decline | Development | BO1D, F23G
Improvements USA maturity Decline”® | C07C, F26B

Dry and use
high-temperature | Japan | Decline | Development | C10L, F23G
processes
. . A01C, BO1J
Compost USA Maturity Maturity BO2C

Dehydration USA Decline Maturity | BOIC, F26B

D Patents is the highest share among the top five groups. But, there is
no domestic sector.

2 Temporary decline
Ref : Mahmoud et al., 2010; Stefanakis et al., 2011
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Table 5. Biogas technology

Sub-class Key words

Enhancement of Pretreatment, CO, conversion,

biogas production Bioelectrochemistry

. . . Carbon dioxide, Trace matter, Dehydration,
Purification / upgrading .
Separation

Utilization of biogas | Liquefaction, Power generation, Storage

Operation / management

Monitoring, Control system, Microorganisms
technology & Y g

Table 6. Biogas technology classification contents and country
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IPC code Contents Country
USA China Japan Europe | Korea
A01C Planting, Sowing, Fertilization A
A2IK A particularly suitable method for joining a particular food or its production to the A
animal
BO1D Separation A, B, C A, B,C|A B, C
BO1J Chemical or physical methods B
B09B Treatment of solid waste C A, B, C A, C
C02 (C, F) | Water, Waste water, Sewer or treatment of sludge AB,C|AB,C|A BC|A B, C|A B, C
COSF Compost from waste or garbage A, B, C C A
C12M Device for zymology or microbiology A, C A, C A, C
Clop Method for synthesizing the desired chemical or composition using fermentation or A B.C|A B C A A C A
enzyme
CI2N Microorganism or enzymes; Composition A
CI0L Unclassified fuel (Natural gas, Liquid petroleum gas) A, B, C B, C
HOIM Chemical energy, a method or means for converting electric energy directly C
F02D Control of combustion engine C

A (transpiration), B (purification and upgrading), C (utilization)
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Table 7, The status of patent on biogas related technology

Enhancement of Purification/ Utilization of

biogas production Upgrading biogas
USA 285 28 76
Japan 48 11 64
Europe 170 49 65
China 102 12 81
Korea 77 30 78
Total 605 100 286

Table 8. The domestic technology level analysis by utilizing patent
analysis results

Sludge treatment| Share best country National level

technology C Technical Technical | Vulnerable
(Classification) ountry D

level level areas

T irati
ranspiration USA Decline Development| C12M

technology
Reﬁning. and Europe Decline Development BO1J
chronic (Reform)
Chaina, HOIM,

Utilization Development | introduction

Japan” F02D

D Patents is the highest share among the top five groups. But, there is
no domestic sector.

2 Japan has added. Because power generation facilities in biogas
utilization field has high percentage.
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Table 9. Sectoral core keywords

Transpiration Refining and chronic Utilizing
technology technology bio-gasification
Methanogens . .
Pretreatment Separation Engine
Reactors €0, Turbine
. . H.S Power
Bioelectrochemistry .
(MECs) Siloxane Heat
Trace matter Vehicle fuel
Hydrogen

(Lee, 2008; Lee et al., 2012).
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Table 10, Detail technology in key issues of solid fuel and bio—gasification in wastewater sludge

Division Status Key issues Detail technology
Localization of » High-efficiency / compression technology for RDF
. » RDF manufacturing technology to localization & Y P £y
skills shortage Manufacture
Solid fuel Manufacturing | » Dedicated high-efficiency boiler (or system P Cogeneration technology to Use RDF
olid fue
and utilization development P RDF / coal dual fuel technology
rocess is not P Technology of reduction for stink when dry to
P .. » Reduction technology to Environmental pollution & . W &
optimized wastewater sludge
P Bioelectrochemical method based high efficiency
anaerobic digestion process
L » Production of hydrogen gas by an bio electrochemical
Localization of . .
«kills shortage » Biogas production increase technology method
& P Integration process of Solid-phase anaerobic digestion
Bio-gasification P Integration process of Granular microbe-based high
efficiency anaerobic digestion
» Utilization technologies of wastewater sludge acid
Lack of » Technology of byproduct use to cycle . e &
. fermentation broth
technical — - - - -
perfection » Based on anaerobic digestion for biogas system | P Operation / management techniques in order to respond
Operating / management technology to the anaerobic digestion operating disturbances
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