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Overview
The convergence analysis in the area of energy efficiency  has been applied using a common average measure of energy intensity, or its reciprocal energy productivity. According to literature, and the authors’ working papers 2007 and 2008, the average measure of energy intensity suffers from Allocative efficiency perspective and is not systematically stemmed from a microeconomics foundation. Also, it is volatile to different measurement index, units, and definitions of energy and outputs. Considering Allocative efficiency, it can convey misleading and imperfect information about true energy efficiency variations across countries.  In contrast, this paper seeks to apply a marginal energy shadow value(SV) measure to study convergence analysis in area of energy efficiency. First, the main importance of my work is about using energy SV series as marginal energy efficiency indicators in extending convergence analysis to area of energy efficiency across industrial sectors. The study derives marginal measure endogenously  from a microeconomics foundation contrary to average energy intensity indicator. This can convey information on whether marginal energy efficiency converge , and what are the reasons behind such convergence or divergence based on variables affecting energy SV in the  SV model. And also this can disseminate information about the cost-saving in marginal unit of energy use and its cross-sector convergence, and  whether the environmental policies should converge across sectors. Second, since the market energy prices are different across sectors, so studying a comparative analysis of the energy SV ratio to market energy price can provide information regarding how should environmental policies  be different across-sectors and whether they should be converging toward the same level and type or there could not happen catch-up in implemented policies, if any by the state, due to sector-specific differences. In addition, convergence study using a ratio between energy SV and market price of energy is beneficial to know whether energy efficiency converge from Allocative energy efficiency perspective. Thereby, this enables us to discuss about energy efficiency analysis of convergence from economic prospects. Third, I can evaluate the source of convergence or divergence using right hand side(RHS) variables given by energy SV equation to find out which factor(s) are the most(or the least) important driving factor in energy efficeny developments. It enables us to acquire an enhanced understanding of the forces underlying energy efficiency changes patterns within and across-sectors. Fourht, using energy SV model also gives an opportunity to calculate an optimal energy productivity index and apply such data and the actual energy productivity, as alternative-avergae measures of energy efficiency, in the convergence analysis across-sectors. This enables us to compare the results to the same applying energy SV to understand whether have an agreement. However, using average measure does not allow extracting marginal energy cost-savings to have speculation around the state’s policy differences across-sectors. Also, such measure is not capable to study Allocative energy efficiency across-sectors. Fifth, the convergence has substantial implications for the prospects of  reductions and even the near elimination of energy efficiency differences across-sectors or nations, etc. Thus, it is surly a key matter for evaluation of well-being energy efficiency changes pattern.  Therefore, the purpose of this paper is to extend energy efficiency convergence idea applying the marginal energy SV as compared to an average energy productivity (reciprocal of energy intensity) application, experimenting with a sample of U.S. sectors during the period 1958-2000.  In particular this paper aims to (i) test and analyze marginal technical energy efficiency  through 
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-convergence and 
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-convergence concepts using an energy SV measure, (ii) test and speculate Allocative energy efficiency convergence with employing the same convergence concepts using a ratio between energy SV and market energy price (an optimal energy SV levels), (iii) compare the convergence analysis results using the marginal energy SV with the same results of average energy productivity indicators, (iv) explain reasons for the results of convergence analysis using energy SV drivers within and across the U.S. sectors,  and (v) discuss possible implications of the convergence analysis results applying energy SV measure. 
Methods
I use two convergence concepts to analyse energy efficieny development across-U.S. sectors. The first concept is 
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- convergence analysis that is in term of energy SV levels and the second concept is 
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- convergence approach which is based on the energy SV growth rates. The latter concept includes unconditional (or,absolute) and conditional (or, relative) convergence approaches. I applied a panel data framework of LS dummay variables (or, fixed effects) and random effects models to implement
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 -convergence analysis.  In doing so, I  calibrated the energy shadow values for a sample of U.S. industrial sectors using a generalized Cobb-Douglas cost function with the KLEM dataset of U.S. sectors stretched from 1958-2000. I selected a sample of indistres  based on energy intensity differences across U.S. sectors.
Results
The results of 
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- convergence indicate an increasing cross-sector variation of energy SV, i.e, 
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- divergence of marginal technical energy efficiency but it shows a decreasing evidence for energy SV ratio to energy price (or, the SV optimal value), i.e., 
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- convergence evidence in term of energy resources allocation across-the U.S.sectors. Considering unspecified sector-specific factors, conditional 
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- convergence demonstrates a divergence developments of marginal technical energy efficieny(i.e., the energy SV) across-U.S. sectors under study but the results are statistically insignificant.  With specifying sector-specific factors, the results shows statistically significant evidence of relative convergence pattern.  Similarly, using a measure of Allocative energy efficiency, conditional 
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- convergence indicates an insignificant convergence pattern of energy resources allocation across-the U.S.sectors when the affecting factors are not specified. While, specifying sector-specific characteristics, the results are sigificantly in favour of convergence pattern. In short, our results show a support for the hypothesis that, in terms of sectoral energy SV and its ratio to energy price (energy SV optimal levels), a sample of U.S. lagging sectors tend to catch up with a sample of advanced sectors, with convergence tending to be conditional on sector-specific characteristics. Furthermore, it appears that a convergence pattern is evident in allocation of energy resources across-the U.S sectors irrelevant to type of applied convergence concept if the sector-specific characteristics are similar. However, using an average indicator of energy productivity, the convergence result emerges and  confirms the marginal energy SV’s results, but are statistically insignificant, and also the average measure does not account for the convergence analysis of Allocative energy efficiency. Conditional convergence results also show that capital, energy use, exogenous technology,  outputs scale, and material price, respectively, are the most crucial factors in determining energy efficiency differentials across-the U.S. sectors and explain the relative pattern of  technical and Allocative energy efficiency convergence. 

Conclusions

This study develops energy efficiency convergence analysis through applying a marginal energy SV measure.  Because of using a marginal energy efficiency measure and studying cross-sector convergence patterns within a nation, this study is distinctive at the sectoral-level convergence analysis. Thereby, this study virtually differs from all convergence studies in the empirical energy efficiency literature. I  found that, marginal energy SV and so energy allocation patterns differs among the sectors because the energy extensive sectors require inherently a different (more) capital, labor skills, technology, etc than the energy intensive sectors.  This finding is confirmed by 
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-convergence and 
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-convergence concepts in terms of energy SV levels and growth rates, respectively. At the same time, however, cross-sector differences of Allocative energy efficiency  tend to decline and converge.  In contrast, the results are robust to using an average energy produvctivity measure but are not significant and the average measure does not account for Allocative energy efficiency analysis. I also found that there is an evidence of conditional 
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-convergence across-the U.S. sectors in terms of the marginal technical and Allocative energy efficiency measures, considering sector-specific characteristics. This implies a relative convergence pattern of energy efficiency from economic prospects across the U.S sectors. This suggests that the lagging sectors in economic energy efficiency catch up with the advanced sectors but the energy efficiency convergence is conditional on similarities in sectors’ characteristics. However, the emerging results conclude that the U.S.industrial sectors converge to different energy efficiency growth paths, depending on sector-specific affecting factors. Thus it suggests that cross-sector differences in technical and Allocative energy efficiency performance seems to be persistent.  I also concluded that energy use, capital including embodied technological changes, outputs scale, and material price mainly contributed to relative convergence pattern of economic energy efficiency across-the U.S. sectors under study. This implies that potential environemtal  or energy policies such as energy taxation, rationing, and directed technological changes should be sector-specific across different U.S. sectors.
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