

Overview

The interaction between energy use, technological change and economic growth is central to the analysis of climate change policy, and among the three, perhaps the most difficult mechanism to capture in a modelling framework is that of technological change. Several approaches to resolve the issue have been suggested, resorting to either exogenous or endogenous characterizations of technological change. Within each of these two types of models there are numerous ways to proceed. In the literature on endogenous technological change, one of the most widely used modelling approaches in the context of climate change policy evaluation is R&D-induced technological change in which the relative prices of inputs determine the extent that R&D is undertaken in one or the other sector (see e.g. Gillingham et al (2008) for an overview). Some of the most important early building blocks in the theoretical foundation for R&D-induced technological change are Hicks' (1932) induced innovation hypothesis and the idea of an innovation possibilities frontier as suggested by Kennedy (1964). The theory of directed technological change developed by Acemoglu (1998, 2002) is one of the most recent major contributions. 

This paper follows along the lines of R&D-induced technological change and presents a general equilibrium growth model with energy as an essential input. We allow for endogenous, factor-augmenting technological change and pay particular attention to how sector-specific stocks of knowledge evolve relative to each other. Based on our model we assess the effect of energy-saving policies on the overall performance of the economy. The paper takes as a point of departure Smulders and de Nooij (2003). We use a more general representation of the accumulation of knowledge and we show that this has a substantial effect on the policy analysis. In addition we can see that our modelling of knowledge stocks also allows us to gain a new understanding of the interplay between energy, technological change and economic growth.

Methods

We develop a general equilibrium model in which growth comes from endogenous technological change. Production factors (energy and labour) are complements and enter the production function symmetrically. Our analysis follows that of Smulders and de Nooij (2003), who in turn are much influenced by Acemoglu's (1998, 2002) model of directed technological change. However, there is a crucial difference between our work and that by Smulders and de Nooij in the way knowledge is assumed to accumulate. Our model allows for factor-augmenting knowledge to spill over, not only between firms in the same sector and over time, but also between sectors. That is, knowledge which augments labour may spill over and facilitate accumulation of energy-augmenting knowledge, and vice versa. Using the terminology of Acemoglu (2002), it is a question of “limited state dependence” vis-à-vis “extreme state dependence”. 

We calibrate the model using data on the evolution of the production factors (energy and labour), their prices, and overall production in the U.S. in the post-war period. We then use the model to simulate future GDP growth, energy prices and consumption rates as a function of future energy supply, which we allow to be exogenously determined through changes in energy policy (e.g. energy conservation policies). In addition, we compare outcomes from our model to the predictions made by the U.S. Energy Information Administration. In particular, we use our calibrated model to predict the evolution of the demand for energy following three scenarios investigated in the EIA International Energy Outlook 2010 (EIA, 2010).

Results 

Smulders and de Nooij (2003) and Jones (2002) note that the cost share of energy in GDP has tended to fall over the last 50 years, whereas energy inputs relative to labour have risen. Existing theoretical results (Acemoglu 2002; Hart 2010) suggest that if there are knowledge spillovers between sectors (Acemoglu’s limited state dependence) then as long as energy inputs continue to rise faster than labour inputs, the factor share of energy in GDP will continue to fall. Specifically, the limited state dependence formulation in our model allows such a fall in factor share to occur even when the economy is on a balanced growth path. This is in contrast to the results emerging from a series of papers where factor shares are fixed, regardless of the changes in factor quantities (see e.g. Kennedy, 1964; Smulders and de Nooij, 2003). On the other hand, if the rise in the quantity of energy inputs cannot be maintained (due for instance to environmental considerations), then our model predicts that the factor share of energy will tend to rise, that is the trend of decreasing energy costs will go into reverse. Again, this is in contrast to Smulders and de Nooij (2003). Results from the calibrated model suggest that existing predictions, such as those of the U.S. EIA, may underestimate future energy consumption for given price trends. The investigations of the policy scenarios for energy conservation have not yet been carried out, therefore we cannot present detailed results at this stage. 

Conclusions

Responding to climate change demands very long planning periods. Yet our scenarios for global energy demand only stretch 25 years into the future. Our inability to predict with any confidence further into the future is due to a combination of a lack of theoretical models linking technological change to energy prices and demand, and (to the extent that such models exist) a lack of empirical evidence to back them up. We are thus reduced to extrapolating trends into the medium-term future. The analysis of this paper makes a small but important contribution towards improving our ability to predict long-run energy demand, including both prices and quantities. More work remains to be done. The next step would be to add a model of energy supply to the demand model described here. The supply model would include the possibility of obtaining energy from different sources, such as renewables, fossil fuels, and nuclear power. These sources would then be substitutes in the overall function for the supply of energy services, by contrast to energy and labour in the production function, which are complements. This is a very important difference, because (as discussed by Acemoglu, 2002, Acemoglu et al, 2010, and Hart, 2010) when inputs are substitutes, changes in the costs or quantities of the inputs may lead to dramatic shifts in technology and thus long-run changes in demand for the inputs. Thus, for instance, a policy-induced boost for renewable energy may lead to a permanent shift in the energy system such that renewables take a much bigger share regardless of continued policy interventions. 
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