INNOVATION, RENEWABLE ENERGY, AND MACROECONOMIC GROWTH
Peter Hartley,  Rice University,  Phone: +1.713.348.2534, E-mail: hartley@rice.edu
 Kenneth B.Medlock III, Rice University, Phone: +1.713.348.3757, E-mail: medlock@rice.edu
Ted Temzelides, Rice University, Phone +1. 713.348.2129, E-mail: tedt@rice.edu
Xinya Zhang, Rice University, Phone +1.713.348.2304,  E-mail: xz1@rice.edu
Overview

Many studies assume that the optimal size of research and development (R&D) in the energy sector is five to ten times the current level. Is the energy sector under-investing in R&D? What would be the effects of subsidies to R&D in renewable energy on macroeconomic growth?  There is an extensive ongoing policy discussion in the United States about innovations in the “green Economy” and their potential to act as a new engine of economic growth. As the new administration devotes substantial resources to production and investment subsidies in the renewable energy and biofuels sector, it is important to evaluated the validity of such a strategy. 
In our model, energy is needed in order to produce the economy’s consumption good. We find that the economy goes through three distinct regimes. Initially, production uses only fossil fuel, and investment takes place in order to improve the efficiency of supplying fossil fuel. In the medium to long run, the price of fossil fuel inevitably increases, and the economy makes a transition to a renewable energy regime. Finally, in the very long run, a limit is reached after which renewable energy is produced at the lowest possible cost. We calibrate the model and examine how the transition to renewable energy is affected by imposing taxes on fossil fuel energy or by imposing subsidies to renewable energy R&D.
Methods

We build a quantitative dynamic general equilibrium model in which to study technological progress in renewable energy and its consequences for macroeconomic growth. We compute the optimal path of investment in both the fossil fuel and renewable energy sectors and calibrate the model using data on world energy consumption and production and cost data from the US.  By allowing for technology-specific capital, we can more accurately capture the trade-off  between fossil fuel and renewable energy production. We also investigate the trade-off between investing in energy production technologies and end-use efficiency.

We also develop a decentralized model based on the discrete version of this model. As we know, if the economy is decentralized, the competitive equilibrium path may not be optimal. In particular, the problem of “creative destruction" that occurs with research and innovation may lead to an inefficient outcome in the competitive economy. Government policy will become more valuable in this case. By comparing the results of the social-planner model and the decentralized model, we may look into the R&D investment gap between the competitive equilibrium and socially optimal levels, and thereby obtain some useful hints about potentially useful policies.

Finally, we use the decentralized model to evaluate different policy scenarios regarding imposing taxes on the use of fossil fuel and offering government subsidies (financed by taxation) on the use and development of renewable energy.

Results and Conclusion

Although economic policies affecting the energy sector have global consequences, such policies are rarely studied and evaluated using standard tools of macroeconomics. We have already completed a model in which technological progress in renewable energy can be an engine of macroeconomic growth..
The model includes three regimes related to energy production. Initially, production uses fossil fuel only, and investment takes place in order to improve the efficiency of supplying fossil fuel. In the medium to long run, as the price of fossil fuel inevitably increases, investment and capital accumulation slow down. The economy then makes a transition to the rest of two renewable energy regimes. Our tentative numerical results show that the transition point is about 93 years from now. The per capita growth rate for the fossil fuel period is 4.183% per year. Subsequently, learning-by-doing reduces the cost of producing capital using the backstop technology. This period will last for another 228 years. Finally, in the very long run, a transition to the second renewable energy scheme occurs. Here, a limit is reached after which renewable energy is produced at the lowest possible cost.  The long run economic growth rate is about 4.07% per year. We also calculated the equilibrium optimal paths of investment in both the fossil fuel and the renewable energy sectors given existing global conditions.
We are still working on the decentralization of the model. According to the theoretical solution of the model, there is an under-investment in R&D compared to the social planner model above. The work on different tax scenarios is also quite preliminary. Based on current results, both taxing fossil fuels and subsidy on investment in renewable energy accelerate the rate of adoption of the renewable energy technology.

We also are still working on the model with technology-specific capital and investment in end-use efficiency. The analytical work on this model has mostly been completed and we expect to have numerical results to report at the IAEE conference in June.
