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Overview
For decades, academic scholars, business sectors, and policy makers have commonly applied an average indicator of energy intensity (or, productivity) to measure energy efficiency within and across industrial sectors including U.S. industries, and its reductions are often assumed to be socially desirable and taken to be meaningful indicators of how efficient industries are in energy use(e.g., EIA/DOE, 1995; OECD/IEA 1997; Battles 1997; Zarnikau and Gupta 1997, Wing and Eckaus 2004). Unlike the literature, this empirical study develops a distinctive marginal-economic measure called “energy shadow value” drawn on the economic theory and demonstrates empirically its advantages over the average indicator which is not systematically grounded on microeconomics foundations. The average indicator reveals only technical efficiency perspective but the shadow value measure accounts for Allocative efficiency premises as well, so that standard average measure leads to a biased inferences about real energy efficiency changes and its pattern within or across sectors. Using shadow value measure enables us to (i) calibrate cost-minimizing levels of energy use, and explain how deviations between the energy costs and its shadow values could be interpreted as a measure of energy efficiency. Also, it is useful to show how using marginal measure ,through dynamically measuring energy efficiency, can improve discussion about true energy efficiency changes and how it can deter misleading results unlike using average energy intensity (productivity) ratios; (ii) determine the convergence or divergence of energy use toward market–clearing levels, and thus this measure benefits an industry (or, state) to measure the degree that the business over-or under utilizes energy inputs relative to the equilibrium level; (iii) show the balances and imbalances in terms of expenditures incurred in an industry specific energy market or cross industries and demonstrate a potential cost-savings (using) through adjusting towards an optimal level of energy utilization; (iv) decompose energy shadow value into its constituent elements to reveal the pattern of energy efficiency changes. Hence, such marginal measure can give information on how energy efficiency dynamic and efficient allocation of energy resources are determined through industrial (or, country)-specific factors impacting energy shadow value such as capital and technology changes, or through incorporating potential energy efficiency policies such as energy tax or quotas, etc; and (v) estimate the differences of energy utilization environmental effects and related policy stringency across sectors. 
Methods
To achieve the main premises of this paper, we conduct a comparative empirical application of energy shadow value model based on the KLEM data constructed of U.S. stone, clay and glass and communications industries as a high and low energy intensive sectors, respectively, over the period 1958-2000. To do so, the study proceeds to apply a dual-restricted cost model imposing a generalized Cobb-Douglas functional form. We apply a quasi-fixed approach as an appropriate way of modelling such measure. Using the Shepherds’ lemma 1953, we extract the first derivative of the dual-short-run costs with respect to one more unit energy changes, calling “energy shadow value” measure of energy efficiency. Also, the envelope theorem is used to calibrate a short-run optimal level of energy utilizations through equalizing energy shadow value model and corresponding energy prices for each sector; and then the optimal energy use levels are applied to calibrate corresponding optimal variable and total costs, and related shadow values. 
Results
A summary of main results are reported over 4 sub-periods of energy price shocks, the whole sample-period:1958-2000, and out of the sample:2001-2050 in the following Table. On average, the wedge of annual growth rates of energy price(pe) and  shadow values of energy(sve) is an evidence of inefficient allocation of energy inputs with respect to the short-run static equilibrium levels in the sample-period by both sectors, but the  wedges bound show a greater tendency to energy inefficiency in communications sector than stone, clay, and glass(SCG) one. This variable bound of the wedges could be used as indicator of environmental impacts and potential optimal tax (or, subsidy) schemes in implementing energy policies, as markedly differs across the U.S. industrial sectors. The similar result emerges from the bound of inefficiency gap between actual energy use(E) and its optimal levels(E*).  There is a potential energy demand-savings opportunities in both sectors with a higher degree in Communications sector. Also, there is an evidence of potential cost-savings in terms of variable (pvc) and total (ptc) costs from utilization of energy use at the cost minimizing (optimal) levels, but this is more evident in energy extensive sector of communications than energy intensive SCG sector. Such information is not obtained through speculation of energy efficiency changes by applying an average energy productivity measure within and cross sectors. The wedge between the cost-savings over marginal unit of optimal energy use (sve*) and the same figure in the actual levels confirms the emerged results in both sectors; meanwhile, the optimal energy shadow values can be an indication of true level of energy efficiency changes in both sectors. The forecasts results out of the sample are also consistent with main results achieved over the sample-period about energy efficiency changes pattern of both sectors. The results of energy shadow values decompositions in both industrial sectors of U.S. show some distinctive evidence of the potential affecting factors effects on energy SV variations. This is more evident from the annual average contribution of capital inputs and energy quantities (i.e.,-12.98 and -17.02 percent), respectively in SCG energy intensive sector, and the same factors contributions of -44.49 and -68.14, respectively in energy extensive sector of communications. These figures indicate a substantial improving impact of technology changes embodied in capital and deterirating effects of energy utilization on energy efficiency changes (i.e., costs-savings in marginal unit of energy uses) during 1958-2000 and some eras of energy prices shocks. Meanwhile, capital stock services outperforms the technology changes through secular time-trends. Hence, an appropriate energy policies and adaptations of energy-savings technologies could be master tools for energy efficiency improvements. As expected, the degree contributions of capital and energy use is more evident in a relatively low energy intensive industrial sector such  communications than a relatively high energy intensive sector such  SCG. All resluts are depicted in more details by different tables and graphs in the paper.
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(cost minimizing) calibrated energy shadow values, energy use,variable and total costs of energy intensive sector of stone, clay and glass and

energy extensive sector of communications of U.S.in sample period 1958-2000 including Prediction over 2001-2050

AAGR∆_(pe-sve)∆_(E-E*)∆_(PVC-PVC*) ∆_(PTC-PTC*) ∆_(sve*-sve) ∆_(pe-sve)∆_(E-E*)∆_(PVC-PVC*) ∆_(PTC-PTC*) ∆_(sve*-sve)

1958-1973 -0.3904.3525.273 4.787 -0.821-1.8786.40914.527 10.833 -8.025

1974-1978 8.7705.01714.152 13.605 -8.978-6.148-4.5568.216 5.063 -13.856

1979-1985 2.846-2.0921.213 1.286 -3.4743.4133.64810.778 3.384 -6.966

1986-2000 -3.3141.0932.834 2.062 -1.702-3.0183.23411.670 2.040 -8.390

1958-2000 0.0692.1704.773 4.265 -2.530-1.9023.45712.175 5.820 -8.615

Forcasting

(2001-2050)

0.877

2.2686.096 2.234 -3.782-3.5533.36917.429 1.926 -13.938

 note: AAGR stands for annual avergare growth rates in given sub-periods.Also, asterisk(*) stands for the SR optimal figures.

stone, clay and glass communications


Conclusions

This empirical application contributes to the literature through measuring energy efficiency concept using energy shadow value approach against the prevalent average energy intensity indicator. The shadow value measure takes into account an Allocative efficiency perspective in energy efficiency analysis unlike the average indicator. In other words, this study identifies the fallacy of using an average indicator and how the shadow value measure can be applied to address a complete informative comparison of energy efficiency changes and impacting factors, particularly technology and environmental obligations, within and cross individual business units. We concluded that the average indicator may be imperfect and misleading in determination of the real energy efficiency changes pattern within and cross sectoral comparisons, since it suffers from Allocative efficiency perspective.  In contrast, we achieved a different energy efficiency pattern within and across the U.S. sectors using the shadow value approach. As a concluding remark, having higher average measure of energy productivity (or, lower energy intensity) does not necessarily mean of higher energy efficiency from Allocative efficiency perspective. Particularly, we found that energy efficiency analysis through marginal shadow value approach emerges distinctive, superior and beneficial  results about energy efficiency changes within and across sectors, so that energy inefficiency gaps in an energy extensive sector such communications sector of U.S. is more evident than an energy intensive one such SCG sector in short-run period.  Hence, this alternative marginal approach, in contrast to the more traditional average indicator, is capable of dealing with more general technical and behavioral issues including social impacts of energy utilization. We concluded that applying a marginal measure such energy SV gives an opportunity to obtain some further and superior information about energy efficiency status and variation of each sector, this is given by Allocative efficiency characteristic of such marginal measure of energy efficiency. Thus, using shadow value measure alongside of average measure can disseminate valuable economic and energy policy related benefits, so as are not obtained from direct speculation of average measure. Also, the paper concludes that the predicted wedges of energy prices and the corresponding shadow values could be an indicator of environmental impacts, and the degree of energy policy severity in business sectors, in which markdely differes across U.S. industrial sectors. Finally, decomposing energy shadow values into its constituent elements revealed that technology changes embodied in capital and energy factors played key roles in observed shadow values increases, and so the positive contributions of capital and technology changes outweighed the negative contributions of energy and other factors over the sample period in both sectors, but with greater degrees in the low intensive industry than the high intensive sector of U.S. This is a distinctive information about energy efficiency changes pattern of U.S sectors under study.  Also, this is helpful for energy policy makers and business to understand the effects of impacting factors to speculate how to improve energy efficiency through energy policies and/or energy-savings technologies considering economic efficiency premises. 
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