Testing for the presence of some features of increasing returns to adoption factors in energy system dynamics

An analysis via the learning curve approach
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Environmental policy debates increasingly focus on issues related to the energy system dynamics. This is largely due to production and consumption processes based on fossil fuel resources, mainly oil and coal, which have prompted serious harmful effects on the environment and the ecosystem equilibrium. The most famous example is the current problem of climate change caused by continuous and intensive conventional energy technologies’ use. Subsequently, one of the major challenges of the international community is to shift from a conventional energy-based economic system to an environmentally friendly-based economic system.
However, the environmentally friendly technologies are associated with a techno-economic system that is radically different from the conventional one in terms of structure, density, needed investment and regulatory practices. Therefore, the transition process which starts by the development and then the deployment of renewable energy innovations, goes behind the simple substitution of energy technologies’ use and basically corresponds to a change in the path and direction of technological change regime. Until now, the technological transition process supposed to have started a few decades ago, is still incomplete and shows some serious hitches related especially to the low competitiveness of the renewable energy technologies and to the established market structure. Indeed, the actual energy system is locked-in conventional fossil fuel resources which benefit from important increasing returns to adoption (IRA) factors, i.e. learning effects, scale effects, network externalities, increasing returns of information and technological interdependencies (Arthur, 1987, 1988a, 1988b, 1989) and the technological regime shift to renewable energy sources faces large systemic barriers. It is, thus, of interest to enhance our understanding of the factors which explain the lock-in situation in order to promote the technological regime transition and create favourable conditions for path-breaking.
The purpose of this paper is to explain the sources of energy system lock-in. It presents a comparative analysis of the respective contributions of some features of increasing returns to adoption factors, i.e. learning-by-doing, learning-by-searching and returns to scale effects in explaining the technological change dynamics in the energy system. The paper is technically based on a critical analysis of the learning curve approach which was used to quantitatively assess the cost performance and the diffusion prospects of energy technologies.
Econometric estimation of learning and scale effects inherent to seven energy technologies were performed by the use of several learning curve specifications. These specifications permit to deal with some crucial issues involved in the learning curve model which are especially associated with the problem of omitted variable bias, the endogeneity effects and the choice of learning indicators. 
Results show that dynamic economies from learning effects coupled with static economies from scale effects are responsible for the lock-in phenomena of energy system. They also show that the magnitude of such effects is correlated with the technology development stage. In particular, results point out that, 1) the emerging technologies exhibit low learning-by-doing rate associated with diseconomies of scale which is argued to be symptomatic of the outset of the deployment of new technologies characterized by diffusion barriers and high level of uncertainty, 2) the evolving technologies presents rather high learning-by-doing rates meaning that they respond quickly to capacity expansion, 3) conventional mature technologies display low learning rates but increasing returns to scale implying that they are characterized by a limited additional diffusion prospects.
In sum, despite that our results imply that the presence of IRA mechanisms is responsible for the lock-in on conventional energy technologies, they let us argue that there is a starting dynamic process of transition toward a new emerging environmentally-friendly energy system since the analysed renewable energy technologies present a potentially important prospects of diffusion. Even so, before taking full economic and environmental advantages from this transition process, some special technology policies and initial support schemes are required implying that the transition process should be boosted from the emergence stage to its self-sustaining growth path.
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