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Introduction: I revisit a classical topic in the economics of energy, namely measurement of the marginal product of energy and the accompanying problem of estimating time-varying production functions with an application to ‘possibly complex’ panel data. 
I set out my analysis with two objectives in mind. First is to test for evidence of a time-varying marginal product of energy, with time variation captured within the modelling exercise itself, rather than being backed out through post estimation empirical calculations. The second objective is to outline and apply a procedure for capturing latent heterogeneity in the underlying technology (i.e. parameterizations of the empirical production function) and therefore permit different members of the panel data, here different countries, to reveal patterns of uniqueness and/or commonality in marginal productivity rates. To this end a search algorithm is deployed which permits, but does not impose, both model features e.g. time-variation, and latent ‘clustered’ heterogeneity. The results therefore reveal insight concerning the evolution of the marginal product of energy, which carries value in its own right for evaluating the role of aggregate energy policy in decoupling energy consumption from productivity. In addition the results help portray which countries may have marginal productivity rates that are in phase with one another, which might hold value in establishing which countries can have a common energy dialogue, as well as set out some sense of a hierarchy as to who are the ‘energy leaders’ and ‘energy laggards’.

In addition to the above, I also seek to explore the potential evolution in the marginal productivity of human capital and it’s consequences to energy demand. There has been some interest in this area in recent years, and the latest evolutions of the PENN world tables provide access to comparable cross-country measures of human capital, that make it possible to examine in my empirical work.
Background: The related background is, to say the very least, rich. There are many prior studies which have examined the issue of energy productivity from a number of different empirical perspectives. No attempt is made in this abstract to reconcile this expansive literature, nor point to specific examples. Instead I will briefly contend several features of the prior literature which I believe to be quite uncontroversial and that help establish at least a gap in the literature to be filled, if not an imperative to explore an as yet largely unexplored modelling paradigm.
· A legacy of time-invariant econometric procedures: Path dependency in research, especially concerning favourability towards specific econometric procedures, is a natural feature of research in any discipline. Until now econometric modelling has placed a heavy reliance on static or constant, and by design time-invariant, functional forms. One might fall on the conclusion that this was a convenience, but in actuality this baseline assumption has played a critical role in permitting us to develop foundation understandings of the most critical issues affecting society, and has always been the first-order benchmark. More elaborate model structures that permit varying-coefficient structures, either of nonparametric or time-varying dispositions, might be better thought of as second-order refinements to be addressed once first-order understandings have been thoroughly examined. 
· Advances in econometric tools and computing power: Building on the previous point, there has been an overall growth in the economics discipline, with many recent advances in both econometric tools capable of modelling time-varying processes and mainstream access to computing power and software solutions that can handle such modelling procedures. It is therefore timely to explore more complex model structures and test for potentially richer descriptions of the world. 
· A deviation away from classical economic questions: Lastly, there has arguably been in recent years a deviation among scholars towards a range of emerging topics. There is an argument that research addressing foundation measures such as the marginal product of energy has moved for the time being to the fringe of energy economists interests.
In lieu of the above background, it seems both timely and salient to revisit the topic of estimation of what are essentially time-varying flexible production functions.
Results: The results contained in the research are twofold. A first set of results are obtained from monte-carlo simulation exercises to verify that the proposed estimation procedure is fit for the purposes intended i.e. that it can provide satisfactory statistical performance, permitting the ‘right’ econometric outcomes/insights to be reached during estimation. A second set of results, still currently in development, narrow attention on the empirical problem of estimating time-varying production functions for panel data, using the PENN world tables as the main source of global information for key productivity variables, with energy related variables appended from external data sources.
Conclusions: At the time of this abstract the conclusions are not yet final, but early indications point towards non-ignorable patterns of heterogeneity between countries. There are seemingly multiple marginal products of energy, yet under inspection it becomes difficult to disambiguate their economic uniqueness i.e. some seemingly different marginal products seem to be economically equivalent. This occurs as a by-product of a statistical loss function to segment the data but which gives little credence to the possible statistical equivalence of numerically different series. Notwithstanding this, there are also a variety of more meaningful differences in marginal productivity rates uncovered, not only for energy, but also for other factors of production. The results also uncover some significant time-varying features that warrant highlighting and offer insights into patterns of energy exploitation, and energy policy effectiveness over time and across regions.

