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Overview

This paper examines the effects of R&D on the introduction of PV systems with technological learning in Japan. The proposed model in this study describes how the costs of PV modules are affected by the technological knowledge stock accumulated by university, industry and government R&D expenditures. Moreover, this study clarifies the relationship between the cost reductions of PV modules and the market penetration of PV technologies. The focus in this analysis is on the capital costs of PV modules, rather than on the costs of electricity produced, to exclude influential but exogenous factors such as interest rates.
Methods

Functional form of R&D effects is a new kind of three-factor learning curve considering cumulative capacity, university R&D expenditure and public R&D expenditure. The capital cost of PV modules, denoted as Ct, is calculated by the following learning curve:
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(1)

where a [$/Wp] is the cost at unit capacity. Qt [W] is the cumulative capacity at time t, KSPt and KSUt [$] are knowledge stocks accumulated by public R&D and university R&D, respectively. b, c and d [-] are the learning index. The concept of technological knowledge stock is an accumulated R&D expenditure that takes into account depreciation and time lags. Taking logarithms of both sides of equation (1) to use linear regression analysis, we get:
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where ε is the error term. In equation (2), Ct, Qt, KSPt and KSUt are exogenous parameters (explained variables), whereas a, b, c and d are endogenous parameters (explanatory variables). Applying linear regression analysis to equation (2) provides the future cost of PV modules.
Results

The regression analysis of the explained variables in equation (2) provides the unique explanatory variables. Fig 1 compares three forecasts for the costs of PV modules. If the expenditures for public and university R&D in 2010 are fixed until 2050, then this model predicts that the costs of PV modules in 2050 become about 1.3 [$/Wp]. The increase of the R&D expenditures by 5% every year after 2010 provides 0.8 [$/Wp] of PV modules in 2050, which is less than the grid parity in Japan. Nonetheless, the annual R&D growth rates have little effects on the future costs of PV modules until 2025. The reason is the 10 year time lag between university R&D and its effects.

The calculated future costs of PV modules lead to the future capacity of PV systems in Japan (Fig.2). The 5% annual growth of the R&D expenditures provides an exponential increase of the capacity of PV systems until 2050. The capacity of PV systems rises from 5 gigawatts in 2008 to 1 petawatts in 2050. In this analysis, the constraint of installation space is not considered. If the annual R&D for PV decreases by 5%, the installed PV capacity converges on about 4 terawatts. In contrast to the results until 2025, it can be seen that the installed PV capacity after 2025 depends heavily on the annual R&D growth rates.
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Fig.1 Predicted costs of PV modules in Japan, annual R&D expenditure (ARD) varied.
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Fig 6. Predicted Installed PV Capacity in Japan, Annual R&D Growth Rate Varied.
Conclusions

This study develops the technological learning model considering not only public R&D but also university R&D for PV modules in Japan. In particular, this learning model examines the influence of university R&D that usually takes a long time from R&D to its effect. The proposed methodology in this study is helpful for energy policy makers to forecast how energy technology costs will change and how the cost reductions of the low-carbon technologies will affect the energy system in the future.
References

Miketa, A. and L. Schrattenholzer (2004). “Experiments with a methodology to model the role of R&D expenditures in energy technology learning processes: first results,” Energy Policy, 32(15): 1679–1692.
Kobos, P., J. Erickson and T. Drennen (2006). “Technological learning and renewable energy costs: implications for US renewable energy policy,” Energy Policy, 34(13): 1645–1658.
Watanabe. C., A. Nagamatsu and C. Griffy-Brown (2003). “Behavior of technology in reducing prices of innovative goods—an analysis of the governing factors of variance of PV module prices,” Technovation, 23: 423-436.


































_1360995594.unknown

_1361012481.unknown

