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1. Introduction – In order to respond to the accelerating climate crisis, countries around the world are 

trying to reduce greenhouse gas emissions through various methods, such as increasing energy efficiency 

and increasing the use of new and renewable energy [1]. However, setting an aggressive carbon emission 

reduction target is not easy to achieve, and it can put a burden on the industry and impede national 

economic growth. Therefore, various countries are investing to carbon capture/utilization/storage (CCUS) 

technology that can directly remove carbon dioxide, and the carbon reduction contribution of CCUS 

technology in 2050 has the potential to be 12% of the total carbon reduction [2]. However, despite such 

high potential, commercialization is still slow, so the actual 

contribution to carbon reduction is insufficient. In this study, 

two-stage network data envelopment analysis (DEA) was 

used to analyze the efficiency in the knowledge diffusion 

and application phase of CCUS technology in relation to 

each country's R&D environment (Science and technology 

level, Industrial structure, Energy balance). These analysis 

results and implications can provide meaningful information 

to policymakers to determine low-carbon R&D strategy. 

 

2. Methodology - The two-stage network DEA model was developed by Seiford and Zhu [3] and used by 

Chen and Zhu [4]. Seiford and Zhu [3] used the BCC equation to determine the scale efficiency of 

intermediates in a two-stage network DEA model. This model has been used in various studies related to 

context-dependent performance measurement. In this study, two-stage network DEA model was used to 

analyze the phased R&D activities of knowledge diffusion and application. 

 

3. Results - This study shows the latest trends in CCUS R&D accomplishments by updating and 

supplementing the patent/article data analyzed in 2018 [5], and analyzing R&D efficiency in terms of 

knowledge diffusion and application. The trends by year of patent and article are shown in Fig.2 below. 

 
Fig. 2. Trend of CCUS patents and articles by year 

 

4. Conclusion - Countries with higher level of innovation in science and technology were more focused 

on quantitative R&D outcomes. In addition, high rate of manufacturing industry countries were less 

efficient in the diffusion of research outcomes due to difficulties in enforcing strong environmental-

friendly policies. Finally, Countries with high rates of fossil fuels were actively promoting CCUS 

development as a solution to carbon dioxide emissions, and such efforts were a driving factor in the 

diffusion and application of research outcomes. 

 

5. References 

[1] IPCC. Climate Change 2021: The Physical Science Basis, 2021. 

[2] IEA. 20 Years of Carbon Capture and Storage: Accelerating Future Deployment. 2016. 

[3] Seiford LM, Zhu J. Profitability and marketability of the top 55 US commercial banks. Manag Sci., 45 

(1999) p.1270-1288. 

[4] Chen Y, Zhu J. Measuring information technology’s indirect impact on firm performance. Inf Technol 

Manag., 5 (2004) p.9-22. 

[5] Bae J, Chung Y, Lee J, Seo H. Knowledge spillover efficiency of carbon capture, utilization, and 

storage technology: A comparison among countries. J Clean Prod., 246 (2020) p.1-9. 

Fig. 1. Overall research model 


