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ABSTRACT As the threat of climate change escalates, ‘net-zero’ has become a priority for the international community, and the use
of new and renewable energy sources is expected to play a significant role in reaching international carbon neutrality. Here, we
evaluate technological competitiveness in terms of implementation and technology by analyzing scientific literature and patents in the
new and renewable energy fields of five major countries. For the past 10 years (2009-2019), the most active areas of new and
renewable energy research and development have been solar power, wind power, waste, and fuel cells. China is the forerunner in
implementation, whereas the United States has the most advanced technology. Portfolio analysis revealed that Korea’s fuel cell, the
United States’ bioenergy, China’s waste, Japan’s solar and fuel cell, and the European Union’s wind power have shown to be in Star
Field respectively. Technological competitiveness analysis found that Korea is lagging behind other countries in the new and
renewable energy sector, and needs to set a new direction for future carbon-neutral research and development, investment, and policy.

Key words Climate Change(”7] 3% 3}), Net-Zero(¥F2%9), New & Renewable energy( 41 A A of| 1| A]), Technological Competitiveness
Analysis(7] &7 A2 £4), R&D Investment(R&D FA})
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Table 1. Keywords for searching published papers and patents

Technology Keywords
Hydropower, Water power, Hydraulic, Hydro
force, Fluid power, Fluid force, Generate,
Hydropower . .
Energy, Plant, Engine, Turbine, Wheel,
Runner, Blade, Wing, Impeller, Propeller
. | Solar, Battery, Recharge, Cell, Generate, Solar
Photovoltaic .
power cell, Solar battery, Photovoltaic, Module,
Inverter, Film, Membrane, Silicon, Efficiency
Solar Solar, Sun, Photovoltaic, Power, Electric,
thermal Plant, Generate, Energy, Harvest, Heat
power collect, Thermal collect, Light collect, Heat
storage, Light storage, Thermal storage
Geothermal, Ground thermal, Ground source,
Geo heat, Ground heat, Terrestrial,
Geothermal Subterranean, Power, Electric, Plant,
power Generate, Energy, Harvest, Heat pump, Heat
change, Heat exchange, Heat transfer,
Change, Exchange, Pump
Energy, Power, Electric, Farm, Generate,
Wind Wind, Breeze, Bearing, Yaw, Accelerate,
power Transmission, Gearbox, Space, Complex, Site,

Fan, Wing, Blade, Vane, Propeller, Turbine

Salinity, Difference, Hydropower, Waterpower,
Ocean Hydraulic, Hydro force, Fluid power, Fluid

energy force, Tidal, Wave, Energy, Power, Electric,
Farm, Generate
Bio, Mass, Energy, Fuel, Methane, Ethan,
Butane, Alcohol, Gas, Hydro, Refinery, Diesel,
Bio Oil, Bio alcohol, Bio ethanol, Bio butanol,
energy Bio—hydrogen, Bio refinery, Bio diesel, Bio oil,

Wood, Chip, Pellet, Lignin, Lignocellulose,
Pretreat, Saccharify, Saccharize

Waste, Sludge, Sewage, Landfill, Liquefy,
Waste Energy, Recover, Recycle, Reuse, Scrap,

energy Gasify, Pyrolysis, Resource, Combust, Nurn
reduce, Incinerate, Thermal, Decomposite
Hydrogen, H2, Product, Process, Manufacture,
Hydrogen . .
. Polymerize, Generate, Prepare, Making,
production . .
Synthesis, Energy, Fuel, Electrolysis, Water
Fuel cell, Fuel—battery, Electrode, Catalyst,
Fuel cell | Promoter, Membrane, Reformer, Stack, Power,

Convert, Recover, Heat, Energy, Processor
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Table 2, Definition for each category of (a) activity and (b)

A2 A (Activity index)?} k2] X|4x(Attractivity

technology level

H
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Table 2. Definition for each category of (a) activity and (b)
technology level (Continued)

(b) Tech, level

Definition

(a) Activity

Definition

Total number of citations of papers in a
particular country for a particular

Share of paper

Number of papers in a particular
country for a particular technology

Total number of papers for a particular
technology

Increase
in the number
of paper

Number of papers in a particular
country for a particular technology for
the recent period

Total number of papers in a particular
country for a particular technology for
the past period

% Past period: 2010—2014, Recent period:
2015—-2019

Share of
patent

Number of patents in a particular
country for a particular technology
Total number of patents

for a particular technology

Increase
in the number

Number of patents in a particular
country for a particular technology for
the recent period

Total number of patents in a particular
country for a particular technology for

Impact of
P technology
aper
pap Total number of papers in a particular
country for a particular technology
Number of key papers (>10 citations)
in a particular country for a particular
Share of
Kkev paper technology
v pap Total number of papers
for a particular technology
Number of papers involving the top 5
major researchers in a particular
Researcher - country for a particular technology
diversity Total number of papers in a
particular country for a particular
technology
Total number of paper citations in a
particular country for a particular
Impact of
technology
patent - X
Total number of papers in a particular
country for a particular technology
Number of key patents (=10 claims) in a
particular country for a particular
Share of
technology
key patent

Total number of papers for a particular
technology

f .
of patent the past period
% Past period: 2009—2013, Recent period:
2014-2018
Number of family patent countries in a
particular country for a particular
Overseas technology
patent Total number of family patent
application countries in a particular country for a
index particular technology

% Family patent: Patents with the same
contents published in two or more countries

Share of P4

Number of concurrnet patents in a
particular country for a particular
technology

Total number of concurrnet patents for a
particular technology

% IP4: Patents from four countries: Korea,
USA, China, Japan, EU

Number of
patent claims

Number of patents claims in a particular
country for a particular technology

Total number of papers in a particular
country for a particular technology
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Table 3. Definition of activity index and attractivity index

Category Definition

Number of papers (patents)

in a particular country (applicant)
for a particular technology
Number of papers (patents)
for a particular technology

Activity

index Number of papers (patents)
in a particular country (applicant)
for all technologies

Number of papers (patents)
for all technologies

Number of papers (patents) citations
in a particular country (applicant)
for a particular technology
Number of papers (patents)
citations for a particular technology

Attractivity

index Number of papers (patents) citations
in a particular country (applicant)
for all technologies
Number of papers (patents)
citations for all technologies

i

G A7k BT 1 ujgiel Hop PpHols HEs

:

2 o

AL AU A) AT B HAE] 200995
7R A 8 9 9 52 stglon], 2]

Aok =2 B 53] 9= Table 49F gk A ATV
[e] [e) =

A

Table 4. The results of effective papers and patents researched

Country Numb?;{ E(‘:ot:or)sapers Numbe(rR ;)tfiog))atents Period
Korea 6,329 (8.1%) 14,207 (20, 3%)
USA 13,825 (17.6%) 7,044 (9,0%)
China | 24.689 (31.4%) 92,905 (29.2%) | 2009.0L
Japan 4,554 (5.8%) 18,713 (23.8%) 201;. 1,
EU 29,173 (37.1%) 7,016 (8.9%)
Entire 78,570 (100,0%) 69,885 (100,0%)
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Table 5. The relative evaluation points of (a) activity and (b)
technology level for each country

(a) Activity |Entire| Avg. |Korea| USA |China|Japan| EU

Share of
paper

500 |0.76 | 0,12 | 0.61 | 1,41 | 0.00 | 1.65

Increase
in the number | 1,72 | 1,45 | 0,99 | 0,11 | 5,00 | 0,00 | 1,13
of paper

Share of

5,001 0,55 | 0,57 | 0,00 | 1,28 | 0,92 | 0,00
patent

Increase
in the number | 1.35 | 1.20 | 0.32 | 0,14 | 5,00 | 0,00 | 0,51
of patent

Overseas
patent 1.97 | 1.97 | 0,33 1 3.39 | 0,00 | 1,12 | 5.00
application

index

(b) Tech, level |Entire| Avg. |Korea| USA |China|Japan| EU

Impact 167 149 |025|5.00|054|000] 167
of paper
Share of | 5 00| 0.79 | 0.11 | 0,80 | 1.28 | 0.00 | 1.75
key paper
Rgseargher 500(292|000|410 (443|148 |4.62
diversity
Impact 1.26 | 1.77 | 1.66 | 5.00 | 0.00 | 1.20 | 1.02
of patent
share of - 500 | 0,06 | 0,00 | 0.07| 0,07 | 0,14 | 001
key patent

Share of IP4 | 5.00 | 0.72 | 0,29 | 1.16 | 0.00 | 0.58 | 1.58

Number of 5.00 | 0.37]0.05|1.00|0.00]| 011 | 0.70

patent claims
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