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The objective of this study is to investigate patent trends of Daegu city which tries to introduce environment friendly energy
and to develop new technology or new industry sprung from technology convergence on smart decentralized energy technology
and other technologies. After applying network analysis to corresponding groups of technology or industry convergence, strategy
for future energy convergence industry is provided. Patent data applied in Daegu city area are used to obtain research goal.
The technology which contains several IPC codes (IPC Co-occurrence) is considered as a convergence technology. Path finder
network analysis is used for visualizing and grouping by using IPC codes.

The analysis results categorized 13 groups in energy convergence industry and reclassified them into 3 cluster groups (Smart
Energy Product Production Technology Group, Smart Energy Convergence Supply Technology Group, Smart Energy Indirect
Application Technology Group) considering the technical characteristics and policy direction. Also, energy industry has evolved
rapidly by technological convergence with other industries. Especially, it has been converged with IT industry, and there is a
trend that energy industry will be converged with service industry and manufacturing industry such as textile, automobile parts,
mechanics, and logistics by employing infrastructure as well as network.

Based on the research results on core patent technology, convergence technology and inter-industry analysis, the direction
of core technology research and development as well as evolution on decentralized energy industry is identified. By using research
design and methodology in this study, the trend of convergence technology is investigated based on objective data (patent data).
Above all, we can easily confirm the core technology in the local industry by analyzing the industrial competitiveness in the
macro level. Based on this, we can identify convergence industry and technology by performing the technological convergence
analysis in the micro level.
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<Table 2> Linkage of Smart Distributed Energy-IPC

KSIC detail item name IPC Co-occurrence
22212 | Manufacture of Plastic Films, Sheets and Plates A45C, B2C, B29?161134760§(’)2BG65D’ B67D, E02B,
26120 | Manufacture of Diodes, Transistors and Similar Semi-conductor Devices
26221 | Manufacture of Printed Circuit Boards B8IB, B3IC, GIIC, ﬁgif’ HOIF, HOIG, HOLJ,
26299 | Manufacture of Other Electronic Valves, Tubes and Electronic Components n.e.c.
G09B, G09C, HO1P, HO1Q, HO1S, H02J, HO3B,
26422 | Manufacture of Mobile Phone HO03C, HO3D, HO3F, H03G, HO3H, HO3M, H04B,
HO04J, HO4K, HO4L, H04M, H04Q, HO5SK
28119 | Manufacture of Other Electric Motors, Generators and Transformers HO02K, HO2N, HO02P
28121 Manufac.ture of E‘lectricgl Apparatusgses for SWtih_ing,_ Protecting and
Connecting Electrical Circuits Used in Power Distribution Systems
28122 | Manufacture of Boards for Electric Control or Distribution HOIH, HOIR, H02B
28302 | Manufacture of Other Insulated Wire and Cable
28202 | Manufacture of Accumulators HOIM
28422 | Manufacture of General Electric Lighting Fixture F21H, F21K, F21L, F21M, F21S, F21V, HO1K
29271 | Manufacture of Semiconductor-Manufacturing Machinery HOIL
61210 | Wired Telecommunications (service industry)
61220 | Wireless Telecommunications (service industry)
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<Table 3> Competitive Analysis of Smart Distributed Energy

number of businesses number of employee the amount of production added value
Sortation industrial location industrial location industrial location industrial location
intensity(%) |quotient (LQ)| intensity(%) |quotient (LQ)| intensity(%) |quotient (LQ)| intensity(%) |quotient (LQ)
2000 1.94 0.33 1.77 0.38 1.54 0.60 1.41 0.50
2005 2.12 0.42 2.00 0.51 1.45 0.66 1.60 0.73
2010 2.10 0.44 1.84 0.49 0.75 0.41 0.41 0.23
2012 2.15 0.42 1.94 0.52 0.87 0.50 0.80 0.43
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<(Table 4> Patent Al Outcome of Smart Distributed Energy

Patent frequency(2008~2012)
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i Al 5k 71 © ]
Sortation 7 E Y z 3 Ao 7 veldrh
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<(Table 5> RTA and RPA of Smart Distributed Energy
Frequency of patent application Frequency of total patent Relative compound
IPC code for five years, Daegu, Korea application, Daegu, Korea RTA RPA annual growth rate
A45C 41 373 0.48 -62.61 -1.76%
B29C 198 846 1.02 2.08 -10.43%
B29D 46 311 0.65 -41.20 6.97%
B60C 20 114 0.77 -26.12 -1.76%
B65D 185 1,382 0.58 -49.13 5.96%
B67D 3 45 0.29 -84.40 -101.76%
E02B 49 224 0.95 -4.67 3.51%
F16L 88 744 0.52 -57.94 33.96%
H02G 68 326 091 -9.40 -16.26%
Gl11C 5 10 2.18 65.27 -101.76%
HO1F 15 89 0.74 -29.81 69.23%
HO1J 6 157 0.17 -94.59 -32.43%
HOIL 371 762 2.16 64.66 20.07%
G09B 74 312 1.03 3.41 1.18%
HO1Q 26 85 1.33 28.08 12.71%
HO1S 6 12 2.18 65.27 -38.77%
HO02J 70 170 1.80 52.69 1.81%
HO3M 4 21 0.83 -18.30 -101.76%
H04B 201 838 1.05 4,54 -39.57%
HO04L 91 327 1.21 19.16 12.71%
H04M 20 295 0.30 -83.91 -51.76%
H04Q 13 102 0.56 -52.717 -10.91%
HO5K 62 360 0.75 -27.83 -15.27%
HO02K 110 735 0.65 -40.22 -12.13%
HO2N 11 36 1.33 27.98 -1.76%
HO2P 19 70 1.18 16.75 -22.39%
HOIH 20 168 0.52 -57.51 -29.65%
HOIR 64 346 0.81 -21.12 -43.28%
HO02B 40 107 1.63 4535 -7.66%
HOIM 61 162 1.64 45.93 19.88%
F21L 4 50 0.35 -78.28 24.23%
F21S 123 471 1.14 12.97 29.27%
F21V 125 573 0.95 -4.94 14.91%
HOIL 377 762 2.16 64.66 20.07%
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<Figure 1> RPA Graph of Smart Distributed Energy
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<Figure 3> Technology Convergence Analysis Outcome
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{Table 6> Core and Convergence Technology Analysis Outcome of Smart Distributed Energy

Sortation | group core technology convergence technology
B28B, C04B, B43M, A61J, B65B, B65G, GO9F, B31D, BOIL, F25D, A23P,
group 2 HOSK, B65D E0IC, EOIF, B4IF, B25J, F16C, GOSD
B21C, B21D, B65H, B26F, B26D, B31B, B23P, B23Q, B30B, B24B, C21D,
sepprc | EOW 4 HO1S, HOIR €23C, B23K, B21B, C10L
HOIL, HO1P, H02J, HO2K,
group 8 HOZN. HOLM GO3F, C09B, F24J, B60L, B62M, HO2M, F03G, FO2N
group 10 HO1F, HO2P, HO2B A62C, B63G, FO2P, B63B, HO2H, E02F, GOSF, B66C
o 1 B29C. B29D G02C, C08J, COSL, B29B, C08G, C12M, AOIN, COSK, COSE, BOID, A6IL,
group ’ B82B, CO1G, CO2F, F26B, BO1J, CO9K, C0O9D
o 3 — B32B, E04D, E04B, E03F, F16B, E04F, E04H, E04C, E02D, A47K, E03C,
SECSTC | group ’ BOSB, AOIM, A01G, B05C, C09J
group 11 B81B, HOIG B44C, A47G, A44C, A41D, A44B, A45D, A43B
group 12 B67D F16J, F17C, E03B, F16K, GO1S, F04D, GOIW, GO1P
A45C, HO2G, HO1Q, HO04B,
group 3 HO4M, HOIH B60R, B60W, B60K, B62D, B60P, GO4G, B62B, F16G, B60T, HO4W
group 6 | HO3D, HO3M, HO4J, HO4L, G11C| A61B, A61G, A61C, GOIM, GOIN, GO6F, GOIB, GOIL, HO4R, GI0L, GO5B
SEIATC o 7 ol AOIK, GOSC, G02B, GO2F, HO1B, GOSG, GO6K, HO4N, GO6T, A63J, GO3B,
group GO8B, GO7B, GOIR, G06Q
group 9 H04Q, F21L, F218, F21V F24C, A47J, F21Y, HOSB, F21W, B60Q, E21F, C11C
group 13 B60C, GO9B B60B, A47B, G10H, B42D, A63H, G11B, A63F




Network Analysis of Technology Convergence on Decentralized Energy by Using Patent Information

165

<Table 7> Convergence Technology and Convergence Industry Analysis of Smart Distributed Energy

Representative technology

Convergence technology and industry

Sortation
Code Major areas Convergence technology Relevant industries
- Food processing
- Experimental apparatus of chemistry, physics - IT convergence industry
- Thin film circuit - Components of Revolving body, cooling system - Mechatronics industry
2group HO5K |- Electric equipment - Mechanics control apparatus - Construction industry
manufacturers - Equipment for goods transport packaging and storage - Construction services sector
- Cement, stone processing, construction machinery - Transport & logistics industry
- Hand tools, equipment(manipulator) etc
- Metal alloy through the heat treatment, coating material - Metal convereence industr
- Conductive material, |- Metal processing(rolled, press process) i Mechatronicsg y
4group | HOIS/R cables, electrical - Machine tools(boring, milling, and plane) - Motal processing indust
connections(junction) |- Burning solid fuel processing & complexing agent Lo istiIc)s servicg sectorry
SEP - Box manufacturing, handling and packaging machines, devices £
PTC - Electric drive vehicle parts and devices
. - Organic compounds . .
HOILM |~ Semlgopductor/ - Chemical reaction system(collecting solar energy) - Electricity Vehicle
8group electricity cell . N > - Renewable energy
HO02J/K S .. |- Combustion starter(turbine installation) . . .
- Electricity distribution . - Electricity(generation) industry
- Spring power motor(power plant)
- Power conversion equipment or control
- firefighting apparatus, submarine mine for ship . .
. . - Klein devices and components ) Industry of security & disasters
- Magnetic body/Coil : : . . prevention
HOIF . .2 .. |- Excavation, soil erosion, transport and mining technology : Lo
10group H - Electricity Distribution . LS - National security industry
02P/B - Internal combustion engine ignition technology M
& Control . . . . . - Construction industry
- Electrical or magnetic geophysical coordinator of variance - Electricity industry(T&D)
- Emergency circuit protection devices(power generation and distribution) ¥ Y
H02G - Cable mending/repair |- Parts of vehicle power and control - Clean vehicle industry
Sgroup HO1H - Light switch - Manual propelled vehicle, trailer - IT convergence industry
H04B - Transmission system |- Cable and wireless communications, electronic watch etc - Optical measurement devices industry
- Apparatus for the diagnosis and dental care
- Mechanical vibration, and ultrasonic measurements - High-tech medical equipment
6orou HO03D - Frequency conversion |- Measurement of efficiency and hydraulic machine - Mechanical convergence industry
80U | HO4J/L |- Telecommunications |- Research of detecting chemical materials - IT convergence industry
- Mechanical control, digital data processing machinery (data processing, acoustic analysis etc)
- Acoustic electro-mechanical devices
- Device for animal feeding, theaters .
- Optical unit and controls /Sngrcl;l}sisgsst;r)lants Farm
SEC 7 - Electron tube - Measuring electrical porcelain variation, holography P v
group HO1J ) - IT convergence industry
STC - Discharge lamp - Alarm and traffic control system - Electronics material
- Recognition, data processing, and test equipment - Mobile/Displa
- Cables, insulation materials, visual communication play
- Household electronic equipment(stoves and range) - Smart high-tech car
- Vehices and lighting device subclass technology - LED light
9group H04Q ) Pgwgr tranSf?r - Fatty oil/ chemical treatment of fatty acids - Security complex industry
F21L/S/V |- Lighting device . S - . ;
- Restraint, ventilation, drainage tunnel - Electronics equipment for
- Electric heating, electric lighting technology Household
- Furniture products, indoor games equipment . Lo
- Electric operation - Binding and special printing technique - Life fusion 1ndu§try
13group G09B o . - IT convergence industry
- Teaching instrument |- Wheel attachment for the expansion technology - Information industr
- Electrical musical instruments, electronic data storage devices Y
- Nanotechnology(atomic, molecular structure analysis) - agriculture
- Metal and organic polymers manufacturing - Tndustrial Textile(product processing)
- Plastic plasticity - Genetic engineering(biochemistry, microbiology) - Nano convergence industr
Igroup | B29C/D |- Manufacturing - Optical(lens glasses, content) i Environmenta% water dis oysal industr
cosmetic products - Sewage sludge disposal and microbial extraction - Optical industr P y
- Evaporation and condensing the steam, filter, melting i Wzter conver é):/nce industr
- Delivery processing, chemical and metallurgy, technology 8 y
- Horticulture and vegetable cultivation, bug zapper - Garden farming
- Pipes buried and ) Maghme parts and fixtures . . - Environmental & energy industry
SEI L . - Sanitary equipment apparatus(toilet device) i . .
3group Fl6L junction(welding) . ; L Environmental service sector
ATC - Soil bori - Spraying system, device and atomization spray nozzle .C -
oil boring A . . : onstruction industry
- Building construction(materials and construction) - Construction services indust
- Water supply & sewerage equipment ry
BSIB - Micro structural - Decorative accessories, pins, buckles, buttons - Textiles and clothing industry
11group HOIG device/system - Home goods or table tool - Cosmetics industry
- Condenser - Clothing and footwear, toiletries - Life convergence industry
- Water collection, drainage, liquid pump - Water industry
12erou B67D - Hot-water supply - Equipment of pressure(cylinder/valve/piston) - Gas industry
group - Fluid delivery - Storage device gasses or liquids - Electronics industry
- Wireless radio, navigation, meteorology etc - Industry related climate change
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