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Overview

As ICT (information and communication technology) has been globally diffused, economies of several leading countries have been transformed into the digital economy. Along with the transformation into the digital economy, ICT is considered as one of the key driving forces simulating economic growth as well as fusing technology, industry, and culture. Along with the transformation into the digital economy, ICT is expected to contribute to decoupling energy consumption from economic growth. For example, energy demand management measures utilizing ICT, such as, EMS (energy management system), real-time pricing, and VPP (virtual power plant), has come into the spotlight.

ICT innovation affects energy consumption in various aspects (Malecki and Moriset, 2007; Yi and Thomas, 2007; Erdmann and Hilty, 2010; Kim and Heo, 2014). The increased adoption of ICT equipment and service intensifies electrification of both production and consumption activities. ICT innovation contributes to decreasing energy consumption by enhancing efficiency of energy use and by adjusting industrial structure in less energy-intensive way. However, ICT innovation may stimulate both production and consumption activities, and eventually, may contribute to increasing energy demand. That is, the effect of ICT innovation on energy demand is path-dependent. The net effect of ICT innovation on energy demand is determined by the summation of each path-dependent effects. There are some previous studies examining the effect of ICT innovation on energy consumption. Their results, however, are not consistent with each other because they passed over the path-dependent characteristics of the effect of ICT innovation on energy demand. Exceptionally, Kim et al. (2014) analyzed the path-dependent effects of ICT on energy consumption, but did not consider electrification led by ICT innovation. 
This study conducts an empirical analysis on the path-dependent effects of ICT innovation on both final energy consumption and electricity consumption at the macro-level. In this paper, an organized frame explaining various path-dependent effects of ICT innovation on energy consumption and hypotheses confirming this frame are suggested. Based on the empirical results, finally, the hypotheses related to the suggested frame and the effects of ICT innovation on total energy consumption are discussed. Comparing the effects of ICT on final energy consumption with those on electricity consumption, this study addresses how ICT innovation has been associated with electrification. Undergoing this process, this study attempts to work out a puzzle of the relationship between ICT innovation and energy consumption. 
Methods

This study uses a methodology (Kim et al., 2014) which combines a decomposition analysis with a panel analysis in order to capture the path-dependent effects of ICT innovation on energy consumption and electricity consumption at the macro-level. This methodology is based on the three hypotheses. The 1st hypothesis is that ICT stimulates economic growth, and thus, contributes to increasing energy consumption. The 2nd is that ICT involves de-materilaization and increases energy efficiency. The 3rd is that ICT decreases the share of energy-intensive industries, and thus, contributes to decreasing energy consumption. An empirical model is designed to test these three  hypotheses and refers Kim et al. (2014). 
Results

The unbalance panel data consisting of 14 OECD countries are analysed in this study. The results show that ICT innovation has contributed to decreasing energy demand by an improvement in energy intensity. ICT innovation also has contributed to increasing energy demand by productivity growth, which directly simulates economic growth. However, the path-dependent effects of ICT innovation through changes in industrial structure is statistically insignificant. On the whole, ICT innovation has contributed to decreasing energy demand slightly. The effects of ICT innovation on electricity demand are quite similar with those on final energy consumption. 
Conclusions

Our study firstly shows how ICT innovation has affected the demands of energy and electricity through various paths. During the analyzed period, ICT has not been used for energy-saving in earnest. Energy-saving has been discussed as a secondary effect of ICT innovation whereas the productivity growth and new industry creation have been discussed as major effects of ICT innovation. Recently, energy-saving potentials of ICT have received attention as the necessity of energy demand management has been raised. Our study shows that ICT, which has not been primarily aimed at energy-saving, has contributed to decreasing energy demand through an improvement in energy efficiency. Based on these results, we can expect that ICT aiming at energy-saving will be more effective in decreasing energy demand than the past ICT.
References

Erdmann, L. and L. M. Hilty (2010). “Scenario analysis: Exploring the macroeconomic impacts of information and communication technologies on greenhouse gas emissions,” Journal of Industrial Ecology 14(5): 826–843.
Kim, J. and E. Heo (2014). “Effect of ICT capital on the demands for labor and energy in major industries of Korea, US, and UK,” Environmental and Resource Economics Review 23(1): 91–132.

Kim, J., G. Choi, and E. Heo (2014). “Role of ICT capital on Industrial energy demand: An international comparison,” 4th IAEE Asian Conference, Beijing.
Malecki, E.and B. Moriset (2007). The Digital Economy: Business Organization, Production Processes and Regional Developments.  London: Routledge. 

Yi, L. and H. R. Thomas (2007). “A review of research on the environmental impact of e-business and ICT,” Environmental International 33: 841–849.

