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Abstract: Wastewater treatment (WWT) technology has been developing from simple pollutant treatment to energy and
resource-saving advanced technology, and various technologies combined with IT and BT are developed to minimize the
amount of pollutant and toxic substance discharge to the public water areas and to improve operational efficiency. To exam-
ine the development trend of domestic wastewater treatment technology, the registered patent technologies were surveyed,
classified and analyzed by year and sector. This paper considers the status of patent registration related to WWT from
2010.1 to 2017.5 in terms of the number of specific technical areas, and the trends are analyzed based on the 10 catego-
rization field such as biological and physicochemical treatment process, equipment and device, material, sludge treatment,
membrane, process control and 42 specific technical areas. A total of 3,356 patents have been registered since 2010, and the
number of patents has been decreasing since the peak at 2013 and maintains 3~400 per year. The total number of patents
has not yet been less than other countries, but the number of patents of more advanced technologies, which can lead the
global market, such as process monitoring, new concept processing and equipment technologies is still insufficient compared
to developed countries.

Keywords: Patent analysis, Wastewater treatment technology patent, biological wastewater treatment, physical and
chemical wastewater treatment, membrane technology
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Table 1. Category of Wastewater Treatment (WWT) Technology Patents (10 Fields)

Field No. Technology field Name
1 Biological treatment process and system technology
2 Physicochemical treatment process and system technology
3 Equipment and device manufacturing technology
4 Filtration equipment and applied process technology
5 Sludge treatment technology
6 Anaerobic treatment technology
7 Basic substance for WWT such as raw material, chemicals, microbe
8 Membrane material and module
9 Operation and maintenance technology of membrane applied WWT system
10 Measurement, control and evaluation technology
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Table 2. The Number of Patents Related to WWT Technology (2010~2017.5)

Field 2010 2011 2012 2013 2014 2015 2016 2017 Total

1 42 58 48 54 40 22 33 9 306
2 47 53 53 94 62 40 65 15 429
3 62 97 121 126 85 67 78 39 675
4 39 25 41 51 37 41 29 9 272
5 84 62 76 111 88 54 70 29 574
6 31 35 29 38 27 16 20 7 203
7 19 23 38 52 42 25 26 15 240
8 10 18 30 39 61 50 26 24 258
9 24 41 31 43 56 38 31 13 278
10 7 13 20 30 20 18 8 5 121
Al 366 425 487 638 518 371 386 165 3,356

1) Statistics for 2017 are 5 months by May.
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Fig. 1. The trend of registered patents related to WWIT
technology (2010~2016).
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Table 3. Name and Examples of Specific Field [Field 1]

No. Specific Field Example technologies
. . - Reactor improvement of operation and structure
Improvement of biological treatment process . .
10 - Energy saving/Sludge reduction process
(BTP) >0 2
- Application of granule sludge process
- Use of wetland, aquatic plant, algae
11 Utilization of plants and soil - Use of soil humus, shell, artificial light

Micro-algae culture process

Combination of biological and

12 . .
physico-chemical treatment processes

The main process includes physicochemical technology based on BTP

13 (WWTT)

Specific wastewater treatment technology - BTP for livestock WW, food waste leachate, landfill leachate, oily WW
and specific WW such as 1-4dioxane, acid-alkalic WW and perchlorid

14 Specialized technology for nutrient removal - Removal of nitrogen, ammonia and nitrite nitrogen components

15 BTP using carrier - Use of biofilm carrier and biofilm membrane
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Table 4. Name and Examples of Specific Field [Field 2]

No. Specific Field

Example technologies

Process technology combined with physical

20 and chemical treatment technology (PCTP)

- Combined process of codes 21, 22, 23 and 24
- Chemical agglomeration (22) + ozone oxidation (23)
- Flotation separation (21) + electrolysis (24)

- Adsorption, distillation, vaporization, membrane distillation crystals
21 Physical treatment technology - Technology using nanoparticles or microbubbles
- Flotation separation, cyclone

- Chemical coagulation, neutralization, degassing, oxidation and reduction

22 hemical hnol . . .
Chemical treatment technology - Jon exchange (using magnetic material etc.)
Sy - Application process of ozone oxidation
2 A AOP
3 dvanced oxidation process (AOP) - UV, electron beam, photocatalyst tech.
- Electrolysis, electrocoagulation, electroadhesion
24 Electrochemical treatment technology - Magnetic separation and attachment

- Microbial fuel cell, plasma technology

- CDI (Capacitive deionization)
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Table 5. Name and Examples of Specific Field [Field 3]

No. Specific Field Example technologies
- Adulteration, scum removal and screen
30 Pre-treatment device applied in the wastewater inflow stage - Oil removal and separation, flow control
- WW conveying and distributing device
. e - Precipitation tank and apparatus
31 Primary and final precipitation tank technology - Water collecting and overflow WW treatment
32 Equipment for Chemical treatment processt - Coagulant mxing and c.hstr1but1on
- Polymer dissolving device
- Aeration tank and device, DO regulator
33 Reactor related equipment - Micro-bubble generating device
- Various reactors: continuous reactor etc.
- Ozone supply and contact device
34 Device for AOP and electrochemical treatment - Electrolysis, plasma, photocatalytic reaction
- UV reactor, Capacitive deionization device
- Agitator, condenser
35 Solid-liquid separator and agitator - Solid-liquid separator: floating separator
- Ddecanter, dissolved air floating device (DAF)
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Table 6. Name and Examples of Specific Field [Field 4]

No. Specific Field

Example technologies

Filtration equipment and material

- Filter, filter cloth, filtration column

40 - Filter media system such as granular filtering material, activated carbon, etc.
technology . . .
- Cleaning and operating tech. of equipment
41 BTP combined with filtration device - Filtration devices in BTP
42 PCTP combined with filtration device Chemical coagulation process with filtration device
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Table 7. Name and Examples of Specific Field [Field 5]

No. Specific Field Example technologies
. - Collector, mechanical/chemical pretreatment
50 Sludge collection and pretreatment tech. - Sludge settling and feeder device
. . . - Belt press, filter press, screw presses, etc.
51 Dewatering/Concentrating device and process - Concentrating device and dewatering agent
. - Sludge dryer
52 Drying apparatus and process - Cake molding machine
53 Sludge separation, transfer, discharge, removal device ) Separe_mon d?vu.:e, ﬂotatlon_ ?nd recovery device
- Crushing (grinding) and mixing device
- Microbial treatment, liquefaction treatment
54 Supplemental sludge treatment - Thermal hydrolysis, ozone treatment
- Sludge agglomeration, cooling sorting
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Table 8. Name and Examples of Specific Field [Field 6]

No. Specific Field Example technologies
60 Anaerobic digestion technology - Anaerobic digester and digestion process
61 Anaerobic WWT and aerobic digestion technology - Anacrobic T

- Membrane-combined anaerobic treatment
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Table 9. Name and Examples of Specific Field [Field 7]

No. Specific Field Example technologies
- Electrodes and electrode modules
70 Catalyst and electrode - Photocatalyst and nanocapsules
. . . - Specofic microorganisms
71 Microbiological culture related technology - Microbial activator and culture method
- Chemical neutralizing agents and flocculants
72 Various materials and compositions used for WWT - Adsorbents and adsorption material
- Activated carbon, charcoal powder
73 Media and carrier - Carrier, carrier housing and unit

- Other microorganism fixing media

Table 10. Name and Examples of Specific Field [Field 8]

No. Specific Field Example technologies
30 Membrane material and manufacturing - Membrane material aqd surfac.:e modification
- Membrane manufacturing equipment
. - Modules, cartridges, assemblies, elements
81 Membrane module and assembly(unit) - Membrane supporter, frame, unit, module skid
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Table 11. Name and Examples of Specific Field [Field 9]

No. Specific Field Example technologies
90 Maintenance and operation technology of - Cleaning, fouling reduction
membrane - Prevention of clogging and regeneration
91 Membrane tech. in the biological treatment - Membrane bioreactor (MBR)
process - Retentate treatment
92 Membrane tech. in the physico- chemical Membrane applied process combined with chemical agglomeration
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Table 12. Name and Examples of Specific Field [Field 10]

No. Specific Field Example technologies
- Measurement of membrane pollution index
100 Membrane related measurement and control technology - Membrane module test method and device

- Cleaning diagnostic device

Measurement of water quality and

101 . .
operation factor monitoring technology

- Water quality measurement (T-P, T-N, etc.)
- Reactor monitoring and measurement
- Coagulant dosage optimizer

- Energy and aeration control

102 Treatment process control and operation - Chemical coagulation process control
- Integrated automatic operation system
. . . - Wastewater treatment performance test
103 Process performance evaluation, process diagnosis . . .
- Process diagnosis and evaluation
- - Toxicity evaluation using microorganisms
104 Eco-toxicity - Ecotoxicity detection
105 Sludge treatment process related measurement and control Digester cqntrol apd biogas P redlctlgn
- Sludge sedimentation measuring device
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