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R&D trends for green catalytic technology developments
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Abstract The aim of this study was to obtain a complete picture of green catalytic technology developments. The
data set for analysis was collected from the data from 4,172 patents, 28,726 technical papers and 548 Government
R&D projects. The covering periods were 2001 to 2012 for patents and technical papers, whereas while that for the
Government R&D projects were 2001 to 2011. The analysis methodologies consisted of qualitative and quantitative
approaches. The patent for catalytic technology has been increasing, even though it was developed some time ago.
The increase in patents for catalytic technology has been outstanding since 2008. As a result of the analysis of patents,
fuel cell comprised 41.9%, followed by coal liquefaction 23.6%. The analysis of technical papers ranked fuel cell
ranked 1st, followed by hydrogen. Fuel cells, hydrogen and coal liquefaction outperformed in green catalytic
technological developments. As a result of this study, it was apparently concluded that the speed for the green
economy from the fossil fuel-based economy has accelerated. Therefore it will be necessary to prepare for the early
realization of a green energy-based economy on a variety of aspects as soon as possible.
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[Table 1] Future Forecasting Methods

[ Qualitative Methods ]

~Citizen Panels —Conferences/Workshops
~Essays/Scenario Writing ~Expert Panels - Genius
—Forecasting -+ Interviews

-Literature Review —Morphological Analysis
~Relevance Trees and Logic Charts

- Role Play/Acting - + Scanning

+ Scenarios/Scenario Workshops

- Science Fictioning -Simulation Gaming

- Surveys -+ SWOT analysis

- Weak Signals/Wild Cards

[ Quantitative Methods ]
~Benchmarking -Bibliometrics
~Indicators / Time Series Analysis

- - Modelling —Patent Analysis

~Trend Extrapolation / Impact Analysis

[ Semi—quantitative Methods 1]
~Cross-impact -Structural Analysis
~Delphi ~Key / Critical Technologies
~Multi-Criteria Analysis —Polling / Voting
~Quantitative Scenarios / SMIC
~Stakeholder Analysis / MACTOR
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[Table 2] The number of Patent data and Journal data

Data Types Country/Areas Periods Total
Patent Data | U.S/reg. patents 1970~2012 4172
Journal Data | Global/reg. paper | 1970~2012 287725
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[Fig. 1] Patent Trends
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[Table 3] The increasing trends of patents

‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 Total #

Green En| 93 92 111 109 99 115 104 107 149 203 213 227 162
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[Table 4] Status of TI and TS

ETE SEELTS Cilzgc';ns P:;efrs ]::;«:d Str-gencg:lths
1 Fuel Cell 145181 8,055 1 10,2417384
2 Hydrogen 91,277 7130 1 68158588
3 Coal Lig. Gas 18463 3,590 o 14533480
4 Biomass 12791 1658 1 14031662
5 Solar 7404 505 1 552.3733
& Wastes 384 51 1 284209
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[Fig. 2] Paper Publication Trends by technology
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[Table 5] The number of papers on Green Energy

‘01|02 03 (04 |05 |06 | O7 |08 |09 |10 “11 ("12

Fuel Cell| 155 | 183| 255|471 | 663 | 722 759 | 908 | 818 L1141 117 386

€oallG | 543 | 241| 236|283 | 289 | 269 | 307 | 328 | 330 | 362 357|345

Hydro- | 541 | 263 [ 317|438 | 526 | 554| 584 791 | 704 | 791 | 911 1 010)

6 |10 5 1116 | 7|7 ]9 144|988

PV | 7| & |18|19 |28 |28 | 29|51 |46 5088|104

Biomass| 33 | 42 | 40 | 66 | 64 | 81| o7 168|168 | 281| 201|327

Wastes | 5 | g | 2| - [s]|g|5]|1|6]|13]4]3
Total |

7sz | 277 |nzms | nzan | nevo| w7ss(zass |zovs (s [ 277 |nEs
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[Fig. 3] The number of papers on green energy
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[Table 6] Annual R&D Projects on Green Energy Tech 0 —_l
MOE MKE SMBA ME

Fuel | Coal .

Cell uq-GasHydmgen Sl | IRY el Wesiies| izl MryelCell ™ Coal Lig. Gas ™ Hydrogen ®Solar Py MBiomass ™ Wastes
© 1 _ 12 3 _ _ _ 16 [Fig. 5] The status of R&D Funds on Green Energy by
o2 _ 18 13 3 1 _ £l Ministries
02 3 1 13 8 1 1 2 29
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[Table 7] Descriptive Statistics
PV, 51
Fuel classification M Min Max Mean STDDev
Cell, 16 1st Half 7 92 115 | 103.2857 | 6.95757
[Fig. 4] Percentage of Government R&D Funds on 2nd Half 5 107 227 | 179.8000 | 50.29115
Green Energy by technology
[Table 8] The t Statistics for Equality of Means
Test of Variance The t Statistics
Equality (Levene) for Equality of Means
classification L. Significance CI({0.95)
E Significance t df Level _Mean SE
Level (2-Tailed) Difference Lower Upper
Variance 20751 001 4.014 10 002 7651429 | 19.06221 | -118.987 | -34.041
The number Equality
of patent |
registration | Variance -3.364 4182 026 7651429 | 2274429 | -138593 14434
non-Equality
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