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Energy efficiency gains from trade: greenhouse gas emissions and India’s manufacturing firms By Leslie A. Martin∗



Draft: February 2, 2012



Recent trade theory describes how trade liberalization increases competition and favors the growth of high-productivity firms. In this paper I argue that because total factor productivity and efficient energy use frequently go hand-in-hand, within-industry reallocation of market share favors energy-efficient firms and can have significant benefits of avoided fuel use and greenhouse gas emissions. Using 19 years of firm-level data from India’s Annual Survey of Industries, I document that over a period of 13 years within-industry reallocation of market share produced a larger savings in greenhouse gases than is expected from all of India’s Clean Development Mechanism energy efficiency and renewable energy projects combined. Using industry-level variation in policy reforms, I estimate the relative contributions of tariffs on final goods, tariffs on intermediate goods, FDI reform, and delicensing on increasing energy efficiency within firms and on reducing market share of energy-inefficient firms. I observe that reductions in tariffs on intermediate inputs led to a 23% improvement in fuel efficiency, with the entire effect coming from within-firm improvements. Delicensing and FDI reform, not tariffs on final goods, drove the reallocation effect, with post-liberalization changes in licensing requirements improving fuel efficiency an additional 7%.
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Liberalization and pollution



Trade liberalization increases aggregate productivity, according to Melitz (2003) and Bernard et al. (2003), because liberalization-induced reallocation of market share favors firms that use inputs efficiently. If these theories hold, we should expect to see environmental benefits associated with improved efficiency of fuel use and avoided greenhouse gas emissions. In this paper, I document trends in greenhouse gas emissions and fuel use in India, estimate the environmental gains associated with across-firm reallocation, and analyze how much of these gains can be attributed to India’s trade policy reforms. The impact of trade liberalization on the environment may be broken down into three effects: scale, composition, and technique1 . Scale represents the expansion of economic activity. Composition captures the reallocation of market share across industries. Technique represents all of the effects that change average industry pollution intensity. The technique effect is typically described in terms of technology adoption,2 but by definition it aggregates within-firm changes due to the use of different technologies, changes in process efficiency, and changes in fuel mix, as well as across-firm effects of market share reallocation. To date, theoretical papers concerned with the environmental impact of trade have focused on the composition effect.3 Low trade costs could cause polluting industries to move from advanced economies into countries with lax environmental regulation and older and less-efficient capital stock. In other words, countries such as China and India could become pollution havens.4 There is furthermore a concern that some countries may proactively loosen existing regulations in order to attract scarce foreign capital, creating an environmental “race to the bottom.” 1 Grossman



and Krueger (1991) and Copeland and Taylor (2003) (2009) 3 Karp (2011) provides an excellent review of the theoretical work. 4 See NY Times Dec 21, 2007 “China Grabs West’s Smoke-Spewing Factories” followed by “As Industry Moves East, China Becomes the World’s Smokestack.” The concern is not necessarily that individual firms will relocate, but that firms in pollution-intensive domestic industries will contract output while firms abroad expand output and increase exports, effectively allowing wealthy countries to outsource pollution-intensive activities. 2 Levinson
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Large industrializing countries such as India are considered to be potential candidates for attracting pollution-intensive industries. One key result of this paper is that I find no evidence of a pollution haven within Indian manufacturing.5 I start by applying a known decomposition methodology to estimate the relative size of the scale, composition, and technique effects of trends in greenhouse gas emissions from fuel use in India’s manufacturing sector. That sector has grown at close to 5% per year over the period between 1985 and 2005, so over that period scale is the driver for most of the growth in greenhouse gas emissions from fuel use in manufacturing. I estimate that the expansion of economic activity increased emissions 270% over that 20-year period. The composition effect, on the other hand, decreased greenhouse gas emissions in manufacturing by 37%.6 Perhaps surprisingly, I also find that although withinindustry trends decreased emissions slightly in the years following India’s trade liberalization, in subsequent years the technique effect was responsible for a 25% increase in emissions in India’s manufacturing. Until now data availability has limited the ability of most studies to accurately measure the technique impact of pollution on the environment. Levinson (2009) and all of the studies in the comprehensive survey of the literature by Ang and Zhang (2000) use industry-level data and estimate technique as a residual. As recognized by the above authors, this approach attributes to technique any interactions between the scale and composition effects and any potential mismeasurement associated with broad industry classifications. When using decompositions that rely on partial differentiation, the technique effect also contains any differences between the infinitesimal changes used in theory and the discrete time steps used in practice. With firm-level data, I am able to reduce these sources of bias. New theoretical models in the trade and productivity literature have also pro5 This result is consistent with Levinson (2010) that finds that the composition of US imports has become cleaner, not dirtier, as tariffs on imports have dropped. 6 These avoided emissions are from manufacturing alone. The relative growth of services in GDP has further acted to improve the economy-wide ratio of greenhouse gas emissions to output.
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vided a framework for understanding the determinants of the technique effect.7 Traditionally, trade theories have relied on models of representative firms. In these models, when countries open up to trade the cost of capital decreases and firms upgrade technologies to international standards, increasing productivity— which is equivalent to increasing input use efficiency. Recent trade theories have introduced models of heterogeneous firms. In these models, opening up to trade creates competitive pressure to improve the allocation of existing resources across firms. High productivity firms expand output and export while low productivity firms drop out of the market, increasing aggregate productivity. One version of this model (Bustos (2011)) explicitly incorporates technology adoption. In her model of heterogeneous firms, even absent changes in capital costs, decreasing trade costs increases the number of firms that stand to benefit from upgrading technology, leading to further improvements in aggregate productivity. The predictions of the recent trade models have clear implications for environmental outcomes, especially with regards to greenhouse gases. Some pollutants may be optimally abated by end-of-pipe treatments,8 but greenhouse gas emissions from manufacturing cannot at present. Once emitted, CO2 , the dominant greenhouse gas from manufacturing, can only be removed from the atmosphere by carbon capture and sequestration, which is still in experimental stages. Therefore reductions in greenhouse gas emissions in manufacturing depend critically on policies that give firms direct incentives to use fuel inputs efficiently, or on policies that reinforce market mechanisms that shift market share away from input-inefficient firms.9 In the second section of this paper I develop and apply a unique decomposition methodology to estimate the environmental impact of within-industry reallocation of market share. I show that post-liberalization increases in average firm fuel in7 Melitz



(2003) and Bernard et al. (2003) of end-of-pipe measures include scrubbers that remove SO2 from the smokestacks of coalfired power plants and common effluent treatment facilities that treat industrial water discharge. 9 Fuel switching is the other source of emissions reductions. Fuel switching can also play a key role in reducing greenhouse gas emissions, but is not a focus of this paper due to data limitations. 8 Examples
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tensity were counterbalanced in large part by reallocation of market share to more fuel-efficient firms. I use this decomposition to create counterfactuals: how emissions would have grown had it not been for increased reallocation in the domestic market after liberalization. By comparing the actual trends to the counterfactuals, I estimate the avoided fuel use and avoided greenhouse gas emissions associated with reallocation. I estimate that had it not been for within-industry reallocation of market share after liberalization, within-industry emissions would have been 16% higher. I then investigate how much of India’s within-industry, within-firm, and reallocation trends can be explained by the trade reforms themselves. I follow an econometric approach similar to that used by three recent papers which document the impact of trade reforms on productivity of Indian firms. Topalova and Khandelwal (2011) use the Prowess dataset, a panel of approximately 4000 of the largest firms in India, and find a positive effect of trade liberalization on productivity, particularly in industries that are import-competing and not subject to excessive domestic regulation. Sivadasan (2009) uses the ASI dataset, as I do, which is a repeated cross-section of more than 30,000 firms per year to study the impact on productivity of both liberalization of FDI and reduction in tariff rates. He finds improvements in both levels and growth rates of liberalized sectors, the later primarily driven by within-plant productivity growth. Harrison, Martin and Nataraj (2011) construct a panel of ASI firms and document a similar result: that reallocation increased productivity after liberalization, but that trade reforms were not the main drivers of the productivity reallocation. The empirical literature on the environmental impact of trade liberalization has focused primarily on cross-country and cross-city comparisons that attempt to control for endogeneity between income levels, trade flows, and pollution outcomes.10 In contrast, this paper takes the experience of one country, India, and 10 Grossman and Krueger (1991) regress city-level SO , particulate matter, and dark matter concen2 trations on trade indicators to estimate the size of the technique effect. Copeland and Taylor (2004) similarly use cross-country variation to identify the scale effects and within-country across-city variation
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uses both a growth accounting approach and then an econometric analysis to identify effects at the firm level, using industry-level variation in the timing and intensity of trade reforms to attribute changes to trade policies. Using three metrics of trade liberalization and controlling for simultaneous dismantling of a system of industrial licenses, I observe that reductions in tariffs on intermediate inputs led to a 23% improvement in fuel efficiency, with the entire effect coming from within-firm improvements. Delicensing, not trade reforms, drove the reallocation effect, with post-liberalization changes in licensing requirements improving fuel efficiency by an additional 7%. Looking at heterogeneous impacts across firms, the data shows a stronger role of trade policies. FDI reform led to improvements in the fuel efficiency of older firms (5% improvement for firms founded before 1967). FDI reform also led to increases in market share of fuel-efficient firms and decreases in market share of fuel-inefficient firms—on the order of 7% lost each year for fuel-inefficient firms and 11% gained each year by fuel-efficient firms. This effect is compounded by investment: of all the firms that made large investments after liberalization, the most market share reallocation was experienced by the most energy-efficient firms, and of all the firms that didn’t invest, the strongest losses in market share were experienced by the least energy-efficient firms. Investigating the environmental effect of reducing tariffs on intermediate inputs is particularly interesting because the theoretical prediction is ambiguous. On one hand, if environmentally-friendly technologies are embedded in imported inputs, then increasing access to high-quality inputs can improve fuel intensity and reduce pollution. Even if imports involve used goods, they may displace even older, lessefficient alternatives. On the other hand, decreasing the price of intermediate inputs disproportionately lowers the variable costs of firms that use intermediate to identify the technique effects. They find that a 1% increase in scale raises SO2 concentrations by 0.25-0.5% but the associated increase in income lowers concentrations by 1.25-1.5%. Shafik and Bandyopadhyay (1992) and Suri and Chapman (1998) also take a cross-country regression approach to estimate similar effects. Frankel and Rose (2005) find that trade reduces SO2 concentrations when controlling for income per capita.
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inputs less efficiently, mitigating post-liberalization competitive pressures faced by those firms. I find that, in India, input-inefficient firms gained market share in industries that experienced the largest decreases in tariffs on intermediate inputs. The paper is organized as follows. Section II provides a theoretical argument for why trade liberalization would reallocate market share to favor energy-efficient firms. Section III describes a methodology for decomposing energy trends that isolates within-firm and reallocation effects within industry. Section IV describes data on Indian manufacturing and policy reforms, and Section V applies the decomposition methodology to the data. Section VI uses industry-level variation in the timing and intensity of trade policies to argue for a causal connection between trade reforms, within-firm fuel intensity, and market share reallocation.



II.



Why trade liberalization would favor energy-efficient firms



This section explains why trade liberalization would reallocate market share to energy-efficient firms. I first document the empirical evidence of a strong correlation between high productivity (overall input use efficiency) and fuel efficiency. I then describe two theoretical models claiming that trade reallocates market share to firms with low variable costs and induces more productive firms to adopt new technologies. Finally, I explain how these models apply to within-industry greenhouse gas emissions, and describe the hypotheses that I will test in Section VI. Energy costs typically make up a small fraction of total variable costs. In India fuel costs represent on average only 5-10% of expenditures on materials and labor. But even in industries where fuel costs make up a small fraction of variable costs, firm-level data for India shows a high correlation between low variable cost and efficient energy use. Figure 1 illustrates that within industry and year, firms with low total factor productivity (TFP) are almost 3 times as likely to have high fuel intensity than low fuel intensity, where TFP and fuel intensity rankings are both
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calculated within industry-year.11 Similarly, and firms with high TFP are almost 3 times as likely to have low fuel intensity than high fuel intensity. Table 1 shows that an increase in TFP from the 25th to 75th percentile range is associated with a 20% decrease in fuel intensity of output.12



Figure 1. Firms by Total Factor Productivity and Fuel Intensity (FI) Quantiles



Note: Quantiles calculated separately for total factor productivity and fuel intensity at the industry-year level. TFP calculated via Aw, Chen & Roberts index decomposition. Fuel intensity is factor cost share at 1985 prices.



A few theories can explain the high correlation. Management quality, for ex11 I calculate total factor productivity within industry using the Aw, Chen & Roberts 2003 index method. The TFP index for firm i in year t with expenditure on input Ximt expressed as a share of total revenue Simt is: “ ” P ” ` ´“ P 1 ln TFPit = ln Yit − ln Yt + ts=2 ln Ys − ln Ys−1 − M ln Xmit − ln Xmt m=1 2 Smit + Smt ” ` ´“ P P 1 − ts=2 M ln Xms − ln Xms−1 m=1 2 Sms + Sms−1 12 Industries that pre-reform contain a relatively large fraction of firms that are high TFP but also high fuel intensity are, in decreasing order: starch, ferroalloys, cotton spinning weaving, chocolate, plaster, clay, sugar (indigenous), cement, nonmetal minerals other, and explosives. Industries that contain a relatively large fraction of firms that are low TFP but also low fuel intensity are for the most part skilled labor-intensive: musical instruments, engraving, made-up textiles, ferroalloys, ceramics, cameras, spirits, glass, chocolate, and specialty paper. In both cases, ‘large fraction’ means 9-11% of firms in the industry are in these categories. Across the population, 6% of firms are in each of these categories.



LESLIE A. MARTIN



ENERGY EFFICIENCY GAINS FROM TRADE



9



Table 1—Correlation coefficients between Total Factor Productivity (TFP) and log fuel intensity of output 1985-2004



Dependent variable: log fuel intensity of output TFP × 1985 TFP × 1992 TFP × 1998 TFP × 2004 Industry-region FE Obs. R2



-.484



(.006)∗∗∗



-.529



(.007)∗∗∗



-.492



(.009)∗∗∗



-.524



(.008)∗∗∗



yes 570520 .502



Note: All years interacted, selected years shown. TFP calculated via Aw, Chen & Roberts index decomposition. Fuel intensity is factor cost share at 1985 prices. Median TFP is .09; the 25 to 75 percentile range is -.12 to .30. An increase in TFP from the 25th to 75th percentile range is associated with a 20% decrease in fuel intensity of output. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.



ample, is likely to increase the efficiency of input use across the board, in energy inputs as well as non-energy inputs. Technology can also explain the correlation: newer vintages typically use all inputs, including energy inputs, more efficiently. The energy savings embodied in new vintages can be due to local demand for energy savings, or due to increasing international demand for energy savings based on stricter regulation abroad and subsequent technology transfer.13 Recent trade theory models demonstrate how reducing trade costs can lead to reallocation of market share to firms with low variable costs. Melitz (2003) presents a model of monopolistic competition in which many competing producers sell differentiated products and consumers value variety. Firms face identical and fixed production costs, costs to enter, and costs to export. After entry each firm observes a stochastic productivity draw ϕ and decides whether to produce or 13 Consider two examples. In cement, switching from wet kiln process to dry kiln process halves non-energy materials costs, halves heat consumption, and reduces electricity use by 10%. (Mongia, Schumacher and Sathaye (2001)) In machine parts and tools, shifting from traditional lathes to Computer Numerical Controlled (CNC) lathes increases throughput, guarantees uniform quality standards, and additionally requires less electricity per unit produced.
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Table 2—Logit regression to identify likelihood that pre-reform firms would have (1) high TFP and high fuel intensity and (2) low TFP and low fuel intensity



Year Initial Production (quantile)



High TFP and high fuel intensity (1) -.010



Capital stock (quantile)



(.000)∗∗∗



-.006



(.000)∗∗∗



Public sector firm



-.007



(.001)∗∗∗



Has generator



.012



(.001)∗∗∗



Using generator



.006



Obs.



Low TFP and low fuel intensity (2) .014 (.000)∗∗∗



.006



(.000)∗∗∗



.028



(.003)∗∗∗



-.016



(.002)∗∗∗



-.021



(.001)∗∗∗



(.002)∗∗∗



231238



231238



Note: Marginal effects relative to mid-aged, medium-sized private sector firm with no generator. 19851990 data. TFP and fuel intensity stratified Low-Average-High with quantiles calculated within industryyear. Year of initial production is stratified across the population into 10 quantiles. Capital stock is stratified within each industry-year into 5 quantiles. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.



exit the industry. As shown in the equation for total cost, in this model a high productivity draw is equivalent to low variable cost. T C(q, ϕ) = f +



q ϕ



Each firm faces downward sloping residual demand and sets prices equal to marginal revenue (isoelastic demand implies a fixed markup over marginal cost). Firms enter as long as they can expect to receive positive profits. All firms except for the cutoff firm receive positive profits. In the Melitz model trade costs are represented as a fraction of output lost, representing ad valorem tariffs on final goods or value-based shipping costs. In the open economy all firms lose market share to imports in the domestic market. Firms that export, however, more than make up for the domestic profit loss due to additional profits from exporting. As the cost of trade decreases, exporters
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experience higher profits, more firms enter the export market, and wages increase. Competition from imports and higher wages drive firms with high variable costs out of the market. Firms with low variable costs, on the other hand, expand output.14 Bustos (2011) refines the Melitz model to incorporate endogenous technology choice.15 In her model, firms have the option to pay a technology adoption cost that lowers the firm’s variable cost. The fixed production cost increases by a multiplicative factor η > 1 and variable costs are reduced by a multiplicative factor γ > 1: T CH (q, ϕ) = f η +



q γϕ



Bustos shows that decreasing trade costs induce high productivity firms to upgrade technology because they benefit the most from even lower variable costs. When trade costs drop, more firms adopt the better technology, expected profits from exporting increase, encouraging entry into the industry, causing aggregate prices to drop and more low productivity firms drop out. Her model also predicts that during liberalization both old and new exporters upgrade technology faster than nonexporters. The Melitz and Bustos models predict that lowering trade barriers increases rewards for efficient input use. As discussed in the introduction, greenhouse gas emissions are mitigated primarily by changing input mix or improving input use efficiency. If ξ represents the factor cost share of energy inputs in variable costs and g represents the greenhouse gas intensity of the energy mix, then total greenhouse gas emissions associated with manufacturing energy use can be represented



14 An alternative model that also explains why so few firms export and why exporters are more productive than non-exporting firms is Bernard et al. (2003). This model is also based on heterogeneous firms, but the trade impact is driven by heterogeneous trade costs across countries. 15 Rud (2011) also extends the Melitz model to incorporate technology adoption and applies the model to India using ASI data for 1994. Strangely, though, the paper applies the extended Melitz model exclusively to the adoption of generators, which indeed reduce variable costs relative to the infinite cost associated with the no-generator-in-times-of-blackouts counterfactual but significantly increase variable cost relative to counterfactual of fewer power cuts.
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∞



gξ



GHG = 0



q(ϕ) dϕ γ(ϕ)µ(ϕ)



where γ(ϕ) takes on a value of 1 if the firm does not upgrade technology and a value of γ > 1 if it does, 0 < ξ < 1, and µ(ϕ) represents the distribution of firms that choose to remain in the market. Pro-trade liberalization policies can provide environmental benefits both by reinforcing market incentives for adoption of input-saving technologies (increasing the density of firms for which γ(ϕ) > 1), increasing the share of total output produced by firms with high input use efficiency, and increasing attrition of most input-inefficient firms.



Although the Melitz and Bustos models do not directly address the issue of changes in tariffs on intermediate inputs, these changes are particularly important when thinking about technology adoption and input-use efficiency. When tariffs on imports drop, there should be differential impacts on sectors that produce final goods that compete with those imports and sectors that use those imports as intermediate goods. The theoretical predictions of changes in tariffs on intermediate inputs on input-use intensity is mixed. On one hand, decreasing tariffs on inputs can increase the quality and variety of inputs, improving access to environmentally-friendly technologies embodied in imports. Amiti and Konings (2007) find that in Indonesia decreasing tariffs on intermediate inputs had twice as large an effect in increasing firm-level productivity as decreasing tariffs on final goods. On the other hand, decreasing the price of intermediate inputs disproportionately lowers the variable costs of firms that use intermediate inputs least efficiently, mitigating competitive pressures these firms may face post-liberalization. In the Indian context, Goldberg et al. (2010) show that they also increased the variety of new domestic products available and Topalova and Khandelwal (2011) show that decreases in tariffs on intermediate imports increased firm productivity.



In the context of the Melitz and Bustos models, we can think about the impact



LESLIE A. MARTIN



ENERGY EFFICIENCY GAINS FROM TRADE



13



of tariffs on intermediate inputs as shifts in the firm’s total cost function: T CH (q, ϕ) = f η(1 + τK ) +



q (1 + τM ) γϕ



Tariffs on capital good inputs τK effectively increase the cost of upgrading technology whereas tariffs on materials inputs τM increase variable costs. Reductions in tariffs on capital goods increase the number of firms that chose to adopt new technology. Unlike reductions in tariffs in final goods that directly affect only the profits of exporting firms, reductions in tariffs on material inputs decrease the variable cost of all firms, potentially offsetting the productivity and input-use efficiency benefits of trade liberalization. The extension of the Melitz and Bustos models to firm energy input use provides a few hypotheses that I test in Section VI. First of all, I expect to see increases in market share among firms with low energy intensity of output and decreases in market share among firms with high energy intensity of output. Second, if low variable cost is indeed driving market share reallocations, I expect that industries with highest correlation with energy efficiency and low overall variable costs will exhibit the largest within-industry reallocation effect. I proxy high overall productivity with total factor productivity (TFP). TFP is the efficiency with which a firm uses all of its inputs, that is, the variation in output that can not be explained by more intensive use of inputs. TFP embodies effects such as learning by doing, better capacity utilization, economies of scale, advances in technologies, and process improvements. Third, I explore the input tariff mechanism by disaggregating input tariffs into tariffs on material inputs like cotton and chemicals and tariffs on capital inputs like machinery, electronic goods, and spare parts. I also identify the effect separately for industries that import primarily materials and those that import a significant fraction of capital goods. I expect that decreases in tariffs on capital inputs would lead to within-firm improvements in fuel efficiency, whereas
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decreases in tariffs in material inputs could relax competitive pressure on firms to adopt input-saving technologies. III.



Decomposing fuel intensity trends using firm-level data



I first replicate Levinson (2009)’s index decomposition analysis for India. Levinson identifies scale, composition, and technique effects for air pollution trends in United States manufacturing. For total pollution P , total manufacturing output Y , industry j share in manufacturing s = intensity of output zj =



pj yj ,



vj V ,



and industry j average pollution



he writes aggregate pollution as the product of output



and the output-weighted share of pollution intensity in each industry: P =



X j



pj = Y



X



s j zj = Y s 0 z



j



He then performs a total differentiation to get: dP = s0 zdY + Y z 0 ds + Y s0 dz The first term represents the scale effect: the effect of increasing output while keeping each industry’s pollution intensity and market share constant. The second term represents the composition effect: the effect of industries gaining or losing market share, holding pollution intensity and output constant. The third term represents the technique effect: the effect of changes in industry-average pollution intensity, keeping output and industry market share constant. Levinson (2009) uses industry-level data and estimates technique as a residual. As he recognizes, this approach attributes to technique any interactions between scale and composition effects. It also reflects any differences between the infinitesimal changes used in theory and discrete time steps used in practice. With firm-level data, I am able to reduce these sources of bias. A major contribution of this paper is that I also disaggregate the technique effect into within-firm and market share reallocation components. Within-firm pollution
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intensity changes when firms make new investments, change capacity utilization, change production processes with existing machines, or switch fuels. Reallocation refers to the within-industry market share reallocation effect described in Melitz (2003). I disaggregate these effects using a framework first presented by Olley & Pakes and applied empirically by Pavcnik (2002) and most recently McMillan and Rodrik (2011).16 The Olley Pakes approach decomposes aggregate (outputshare weighted) productivity into average unweighted productivity within firm and reallocation of market share to more or less productive plants. I use the same approach, but model trends in industry-level fuel and greenhouse gas intensity of output instead of trends in total factor productivity. dz = zj1 − zj0 =



X i



= z j1 − z j0 +



X i



si1 zij1 −



X



si0 zij0



i



(sij1 − sj1 ) (zij1 − z j1 ) −



X



(sij0 − sj0 ) (zij0 − z j0 )



i



The output-share weighted change in industry-level pollution intensity of output, dzjt , is the Technique effect. It can be expressed as the sum of the change in average unweighted pollution intensity within firm, z jt , and the change in alloP cation of market share to more or less polluting firms, i (sijt − sjt ) (zijt − z jt ). The reallocation term is the sample covariance between pollution intensity and market share. A negative sign on each period’s reallocation term is indicative of a large amount of market share going to the least pollution-intensive firms. I decompose fuel intensity and greenhouse gas intensity trends at the industrylevel for each industry. In section VI I regress those trends on policy variables. To estimate the aggregate effect of within-industry reallocation and contrast its size to across-industry reallocation, I then extend the Olley Pakes approach in a unique decomposition. My disaggregation proceeds as follows. For each firm i of njt firms at time t that are in industry j of a total of N industries, firm 16 The Olley Pakes decomposition was subsequently refined for use with panel data by Bailey et. al., Ziliches-Regev, and Melitz Polanec. I opted against using the Melitz Polanec approach because it is constructed in such a way to attribute to entry and exit only the behavior of firms in their first and last years, which means that these components are primarily measuring the effect of start-up and ramp down activities.
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output is represented yijt and firm pollution intensity is zijt . Let firm share within y y , industry share within manufacturing sjt = yjtt , average firm industry sijt = yijt jt P y share within each industry sjt = n1jt i∈j yijt , average share of an industry within jt P yjt 1 manufacturing st = N j yt , and average pollution intensity in each industry P z jt = n1jt i∈j zijt . Then I can write each period’s aggregate pollution intensity zt as: zt



=



=



=



=



X yijt X yjt X yijt X zijt = zijt = sjt Φjt y y y t t i j j i∈Ij jt 0 1 X X 1 1 X Φjt + (sjt − st ) @Φjt − Φjt A N j N j j 0 1 0 1 X X X 1 X@ 1 z jt + (sjt − st ) @Φjt − Φjt A (sijt − sjt ) (zijt − z jt )A + N j N j j i∈Ij 0 1 X 1 X 1 X 1 XX @ (sjt − st ) Φjt − z jt + (sijt − sjt ) (zijt − z jt ) + Φjt A N j N j i∈I N j j j | {z } | {z } {z } | within



across firms



across industries



The first term represents average industry trends in energy efficiency. The second term represents reallocation between firms in each industry. It is the sample covariance between firm market share within-industryand firm energy efficiency. The third term represents reallocation across industries. It is the sample covariance between industry market share within manufacturing and industry-level fuel intensity. I then apply these decompositions to an extensive dataset of firms in India’s manufacturing sector. IV.



Firm-level data on fuel use in manufacturing in India 1985-2004



India is the second largest developing country by population and has significant potential for future greenhouse gas emissions and avoided emissions. India’s manufacturing sector is responsible for over 40% of its energy use, and fuels used in manufacturing and construction are responsible for almost half of the country’s greenhouse gas emissions. My empirical analysis is based on a unique 19-year panel of firm-level data
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created from India’s Annual Survey of Industries (ASI). The ASI provides detailed firm-level data from 1985-1994 and 1996-2004 for over 30,000 firms per year. The survey includes data on capital stock, workforce, output, inventories, and expenditures on other inputs. It also contains data on the quantity of electricity produced, sold, and consumed (in kWh) and expenditures on fuels. I define output to be the sum of ex-factory value of products sold, variation in inventories (semi-finished good), own construction, and income from services. Fuels include electricity, fuel feedstocks used for self-generation, fuels used for thermal energy, and lubricants (in rupees). When electricity is self-generated, the cost is reflected in purchases of feedstocks like coal or diesel. Fuels that are direct inputs to the manufacturing process are counted separately as materials. Summary statistics on key ASI variables are presented in Table 3. I exclude from the analysis all firm-years in which firms are closed or have no output or labor force. I measure energy efficiency as fuel intensity of output. It is the ratio of real energy consumed to real output, with prices normalized to 1985 values. In other words, I equate energy efficiency with the cost share of energy in 1985. Over 19852004 fuel intensity in manufacturing decreases at a very slight rate, from .070 to .065. In contrast, the IEA estimates that in China fuel intensity in manufacturing was close to .20 in the mid-1980s but decreased dramatically to close to .04 over that same period. (Figure A2) Currently India’s fuel intensity of manufacturing output is about three times as high as in OECD countries. (IEA 2005) This measure of energy efficiency is sensitive to the price deflators used for both series. I deflate output using annual 14-sector wholesale price index (WPI) deflators and fuels using the fuel deflator provided by India’s Ministry of Commerce and Industry. Ideally I would use firm-specific price deflators. Unfortunately the ASI only publishes detailed product information for 1998-2004, and many firms respond to requests for detailed product data by describing products as “other.” The main advantage to firm-level prices is that changes in market power post liberalization could lead to firm-specific changes in markups, which I would in-
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Table 3—Summary statistics



Firm-years Firms per year, mean Census firm-years Census firms per year, mean Unique firm series Output, median (million Rs.) Fuels, median (millions Rs.) Capital, median (million Rs.) Materials, median (million Rs.) Labor, median (no. employees)



Estimated population



Sampled firms



Panel



1,410,341 82,961 276,278 16,251



580,122 34,124 276,278 16,251



413,758 24,338 246,881 14,522 147,838



2.6 .12 0.4 1.9 21



3.6 .15 0.5 2.6 31



5.3 .24 0.8 3.9 33



In panel, as fraction of total in sampled population: Output Fuels Capital Labor Firm-years > 100 employees Firm-years > 200 employees Firm-years Census firm-years



0.93 0.93 0.94 0.92 0.94 0.96 0.71 0.89



Note: Annual Survey of Industries (ASI) data for 1985-1994 and 1996-2004. Detailed data and ASIsupplied panel identifiers for 1998-2004. Panel reflects all firm series with 2 or more matched years.



LESLIE A. MARTIN



ENERGY EFFICIENCY GAINS FROM TRADE



19



correctly attribute to changes in energy efficiency. In section VI I test for markups by interacting policy variables with measures of industry concentration. Almost all of the trade reform effects that I estimate are also present in competitive industries. Figure A3 shows that average industry output deflators and fuel deflators evolve in similar ways. I unfortunately can not analyze the effect of changes in fuel mix with the available data. Fuel mix has a large impact on greenhouse gas emission calculations, but less impact on fuel intensity because if firms experience year-to-year price shocks and substitute as a result towards less expensive fuels, the fuel price deflator will capture the changes in prices. Lacking exact fuel mix by firm for each year, I estimate the greenhouse gas emissions associated with non-electricity fuel use by extrapolating the greenhouse gas intensity of fuel use from detailed fuel data available for 1996. The 1996 ASI data includes highly disaggregated data on non-electricity fuel expenditures, both in rupees and in quantities consumed (tons of coal, liters of diesel, etc.). I use values from the US EPA and Clean Development Mechanism project guideline documents to estimate the greenhouse gas emissions from each type of fuel used. Coefficients are displayed in Table 4. I then aggregate the fuel mix data by industry to estimate greenhouse gas emissions factors for each industry’s expenditures on non-electricity fuels. Electricity expenditures make up about half of total fuel expenditures. I follow the protocol recommended by the Clean Development Mechanism in disaggregating grid emissions into five regions: North, West, East, South, and North-East. I disaggregate coefficients across regional grids despite the network being technically national, and most power-related decisions being decided at a state level, because there is limited transmission capacity or power trading across regions. I use the coefficient for operating margin and not grid average to represent displaced or avoided emissions. The coefficient associated with electricity on the grid, close to 1 metric ton CO2 equivalent per MWh, is more than 40% higher
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than in the US.17 Table 4—Coefficients used to calculate greenhouse gas emissions associated with fuel use



Fuel Coal Lignite Coal gas LPG Natural gas Diesel oil Petrol Furnace oil Other fuel oil Firewood Biomass Other Electricity grid



Region



North East South West Northeast



% Exp 14.6 0.9 0.4 0.6 2.2 8.7 1.9 7.5 2.9 1.5 0.3 2.1 13.1 22.2 14.3 6.2 0.4



Factor 2.47 1.40 7.25 2.95 1.93 2.68 2.35 2.96 2.68 1.80 1.10 0.40 0.72 1.09 0.73 0.90 0.42



tons CO2 per ton ton 1000 m3 ton 1000 m3 1000 liters 1000 liters 1000 liters 1000 liters ton ton 1000 Rs MWh MWh MWh MWh MWh



Source: UNEP for all except for grid coefficients. Grid coefficients for 2000-2001 from CO2 Baseline Database for the Indian Power Sector User Guide, June 2007: North represents Chandigarh, Delhi, Haryana Himachal Pradesh, Jammu & Kashmir, Punjab, Rajasthan, and Uttar Pradesh. East represents Bihar, Orissa, and West Bengal. South represents Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu. West represents Chhatisgarh, Goa, Gujarat, Madhya Pradesh, and Maharashtra. Northeast represents Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura. Fraction of total expenditures on fuels based on 1996-1997 ASI data. The value for “Other fuels” is the median value obtained when applying all other coefficients to fuel expenditures in the dataset.



I measure industries at the 3-digit National Industrial Classification (NIC) level. I use concordance tables developed by Harrison, Martin and Nataraj (2011) to map between 1970, 1987, 1998, and 2004 NIC codes. Table A3 presents fuel use statistics for India’s largest industries. The industries that uses the most fuel are cement, textiles, iron & steel, and basic chemicals (chloral-alkali), followed by paper and fertilizers & pesticides. These six sectors are responsible for 50% of the country’s fuel use in manufacturing. Other large consumers of fuels include nonferrous metals, medicine and clay. Other important sectors important to 17 US



EPA guidelines: 0.69 metric tons CO2 per MWh for displaced emissions.
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GDP that are not top fuel consumers include agro-industrial sectors like grain milling, vegetable & animal oils, sugar, plastics, and cars. The sectors with the highest fuel cost per unit output are large sectors like cement, paper, clay, and nonferrous metals, and smaller sectors like ferroalloys, glass, ceramics, plaster, aluminum, and ice. V.



Decomposition results



This section documents trends in fuel use and greenhouse gas emissions associated with fuel use over 1985-2004 and highlights the role of within-industry market share reallocation. Although only a fraction of this reallocation can be directly attributed to changes in trade policies (Section VI), the trends are interesting in themselves. A.



Levinson-style decomposition applied to India



The results of the Levinson decomposition are displayed in Table 5 and Figure 2. The scale effect is responsible for the bulk of the growth in greenhouse gases over the period from 1985 to 2004, growing consistently over that entire period. The composition and technique effects played a larger role after the 1991 liberalization. The composition effect reduced emissions by close to 40% between 1991 and 2004. The technique effect decreased emissions by 2% in the years immediately following the liberalization (between 1991 and 1997), but increased emissions by 24% in the subsequent years (between 1997 and 2004). To highlight the importance of having data on within-industry trends, I also display the estimate of the technique effect that one would obtain by estimating technique as a residual. More specifically, I estimate trends in fuel intensity of output as a residual, given known total fuel use, and then apply the greenhouse gas conversation factors presented in Table 4 to convert fuel use to greenhouse gas emissions. I find that the residual approach to calculating technique significantly underestimates the increase in emissions post-liberalization, projecting a
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Table 5—Levinson decomposition applied to greenhouse gases associated with fuel use in manufacturing in India, 1985-2004, selected years shown



1985 100 100 100 100 100 100



Scale Composition Technique Technique as residual Composition and technique Total



1991 155.4 99.6 103.2 102.9 102.8 158.2



1997 210.8 77.4 101.3 95.9 78.7 189.5



2004 270.3 63.1 125.4 108.7 88.5 258.9



Note: Greenhouse gas emissions in tons of CO2 equivalents, normalized to 1985 values. On average, half of emissions are associated with electricity use. Does not include industrial process emissions. Estimates based on actual usage of fuel and estimates of greenhouse gas intensity of fuel use based on industry fuel mix prevalent in 1996.



contribution of less than 9% increase relative to 1985 values instead of an increase of more than 25%. B.



Role of reallocation



Table 6 summarizes the savings in greenhouse gas emissions and fuel use, in absolute and percentage terms, due to reallocation of market share across industries and within industry. In aggregate, across-industry reallocation over the period 1985-2005 led to fuel savings of 50 billion USD, representing 469 million tons of avoided greenhouse gas emissions. Reallocation across firms within industry led to smaller fuel savings: 19 million USD, representing 124 million tons of avoided greenhouse gas emissions. Table 6—Fuel and GHG savings from reallocation within industry and reallocation across industries



Across industry reallocation Within industry reallocation Total savings



GHG emissions million as % of tons CO2e counterfact 469 15% 124 4% 593 19%



billion Rs (1985) 340 130 470



Fuel Expenditures billion USD as % of (2011) counterfact 50 13% 19 5% 70 18%



The Kyoto Protocol’s Clean Development Mechanism (CDM) is a good benchmark for the emissions reductions obtained over this period. In contrast to the
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Figure 2. Levinson decomposition applied to India, technique effect calculated both directly and as a residual
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total savings of almost 600 million tons of CO2 from avoided fuel consumption, 124 million of which is within-industry reallocation across firms, the CDM is projected to obtain between 2003 and 2012 reductions of 13 million tons of CO2 over all residential and industrial energy efficiency projects combined. The CDM plans to issue credits for 86 million tons of CO2 for renewable energy projects, and a total of 274 million tons of CO2 avoided over all projects over entire period (includes gas flaring and removal of HFCs). Table A2 in the Appendix describes projected CDM emissions reductions in detail. The results of the fuel decomposition are depicted in Figure 3 and detailed in Table A1. The area between the top and middle curves represents the composition effect, that is, the fuel savings associated with across-industry reallocation to less energy-intensive industries. Even though fuel-intensive sectors like iron and steel saw growth in output over this period, they also experienced a decrease in share of output (in the case of iron and steel, from 8% to 5%). Cotton spinning and weaving and cement, sectors with above-average energy intensity of output, experienced similar trends. On the other hand, some of the manufacturing sectors that grew the most post-liberalization are, in decreasing order: plastics, cars, sewing, spinning and weaving of synthetic fibers, and grain milling. All of these sectors have below average energy intensity. The within-industry effect is smaller in size, but the across-industry effect still represents important savings. Most importantly, it is an effect that should be able to be replicated to a varying degree in any country, unlike the across-industry effect which will decrease emissions in some countries but increase them in others. VI.



Impact of policy reforms on fuel intensity and reallocation



The previous sections documented changes in trends pre- and post- liberalization. This section asks how much of the within-industry trends can be attributed to different policy reforms that occurred over this period. I identify these effects using across-industry variation in the intensity and timing of trade reforms. I
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Figure 3. Fuel decomposition that highlights relative role of across-industry and withinindustry reallocation



Note: The top curve represents the counterfactual trajectory of fuel intensity had there been no reallocation of market share. The middle curve represents the counterfactual fuel intensity trajectory had across-industry reallocation taken place as it did, but had there been no within-industry reallocation. The bottom curves represents actual fuel intensity experienced (with actual levels of both across-industry and within-industry reallocation).
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Figure 4. Millions of tons of CO2 from fuel use in manufacturing



Note: The area between the top and middle curves represents the emissions avoided due to acrossindustry reallocation. The area between the middle and bottom curves represents emissions avoided due to within-industry reallocation.
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first regress within-industry fuel intensity trends (the technique effect) on policy changes. I show that, in the aggregate, decreases in intermediate input tariffs and the removal of the system of industrial licenses improved within-industry fuel intensity. Using the industry-level disaggregation described in the previous section, I show that the positive benefits of the decrease in intermediate input tariffs came from within-firm improvements, whereas delicensing acted via reallocation of market share across firms. I then regress policy changes at the firm level, emphasizing the heterogeneous impact of policy reforms on different types of firms. I show that decreases in intermediate tariffs improve fuel intensity primarily among older, larger firms. I also observe that FDI reform led to within-firm improvements in older firms. I then test whether any of the observed within-industry reallocation can be attributed to trade policy reforms and not just to delicensing. Using firm level data, I observe that FDI reform increases the market share of low fuel intensity firms and decreases the market share of high fuel intensity firms when the firms have, respectively, high and low TFP. Reductions in input tariffs on material inputs, on the other hand, appears to reduce competitive pressures on fuel-inefficient firms with low TFP and high fuel intensity. A.



Trade reform data



India experienced a dramatic IMF-driven trade liberalization in 1991. Prior to liberalization, India’s trade regime was highly restrictive, with average tariffs above 80%. In 1991 India suffered a balance of payments crisis triggered by the Golf War, primarily via increases in oil prices and, lower remittances from Indians in the Middle East. (Topalova and Khandelwal (2011)) The IMF Stand-By Arrangement was conditional on a set of liberalization policies and trade reforms. As a result there were in a period of a few weeks large, unexpected decreases in tariffs and regulations limiting FDI were relaxed for a number of industries. In the period of industrial licenses, known as the “license Raj”, non-exempt firms
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needed to obtain industrial licenses to establish a new factory, significantly expand capacity, start a new product line, or change location. With delicensing, firms no longer needed to apply for permission to expand production or relocate, and barriers to firm entry and exit were relaxed. During the 1991 liberalization reforms, a large number of industries were also delicensed. I proxy the trade reforms with three metrics of trade liberalization: changes in tariffs on final goods, changes in tariffs on intermediate inputs, and FDI reform. Tariff data comes from the TRAINS database and customs tariff working schedules. I map annual product-level tariff data at the six digit level of the Indian Trade Classification Harmonized System (HS) level to 145 3-digit NIC industries using Debroy and Santhanam’s 1993 concordance. Tariffs are expressed as arithmetic mean across six-digit output products of basic rate of duty in each 3-digit industry each year. FDI reform is an indicator variable takes a value of 1 if any products in the 3-digit industry are granted automatic approval of FDI (up to 51% equity; non-liberalized industries had limits below 40%). I also control for simultaneous dismantling of the system of industrial licenses. Delicensing takes a value of 1 when any products in an industry become exempt from industrial licensing requirements. Delicensing data is based on Aghion et al. (2008) and expanded using data from Government of India publications. I follow the methodology described in Amiti and Konings (2007) to construct tariffs on intermediate inputs. These are calculated by applying industry-specific input weights supplied in India’s Input-Output Transactions Table (IOTT) to tariffs on final goods.18 In regressions where I disaggregate input tariffs by input type, I classify all products with IOTT codes below 76 as raw materials, and products with codes 77 though 90 as capital inputs. To classify industries by imported input type, I use the detailed 2004 data on imports and assign ASICC codes of 75000 through 86000 to capital inputs. 18 An industry that spends 40% of its input expenditures on product A and 60% on product B would have an overall input tariff rate of 0.4 times the final goods tariff for product A and 0.6 times the final goods tariff for product B.
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Summary statistics describing India’s policy reforms are presented in Table 7. Table 7—Summary statistics of policy variables



1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004



Final Goods Tariffs Mean SD .893 .335 .961 .387 .955 .383 .956 .383 .963 .412 .964 .414 .964 .414 .637 .283 .640 .318 .644 .369 .534 .316 .421 .254 .340 .190 .346 .180 .356 .168 .351 .156 .343 .165 .308 .159 .309 .159 .309 .159



Intermediate Input Tariffs Mean SD .583 .115 .608 .109 .591 .099 .598 .102 .599 .103 .599 .103 .599 .103 .400 .530 .387 .530 .374 .620 .302 .540 .228 .510 .184 .400 .191 .390 .202 .390 .213 .410 .206 .460 .188 .540 .189 .530 .190 .530



FDI reform Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.43 0.43 0.43 0.93 0.93 0.93 0.93 0.93



SD 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.48 0.48 0.48 0.48 0.48 0.50 0.50 0.50 0.26 0.26 0.26 0.26 0.26



Delicensed Mean 0.33 0.34 0.34 0.34 0.35 0.35 0.83 0.83 0.85 0.85 0.85 0.85 0.89 0.92 0.92 0.92 0.92 0.92 0.92 0.92



Source: Tariff data from TRAINS database and customs tariff working schedules: deviation



SD 0.47 0.48 0.48 0.48 0.48 0.48 0.37 0.37 0.36 0.36 0.36 0.36 0.31 0.27 0.27 0.27 0.27 0.27 0.27 0.27 SD = standard



My preferred specification in the regressions in Section VI uses firm level fixed effects, which relies on correct identification of a panel of firms from the repeated cross-section. The ASI supplies panel identifiers for 1998-2005 but the 1985-1994 ASI does not match firm identifiers across years. I match firms over 1985-1994 and on through 1998 based on open-close values for fixed assets and inventories and time-invarying characteristics: year of initial production, industry (at the 2-digit level), state & district. Harrison, Martin and Nataraj (2011) describes the panel matching procedure in detail. With the panel I can use firm-level fixed effects in estimation procedures to control for firm-level time-unvarying unobservables like
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quality of management. B.



Potential endogeneity of trade reforms



According to Topalova and Khandelwal (2011), the industry-level variation in trade reforms can be considered to be as close to exogenous as possible relative to pre-liberalization trends in income and productivity. The empirical strategy that I propose depends on observed changes in industry fuel intensity trends not being driven by other factors that are correlated with the trade, FDI or delicensing reforms. A number of industries, including some energy-intensive industries, were subject to price and distribution controls that were relaxed over the liberalization period.19 I am still collecting data on the timing of the dismantling of price controls in other industries, but it does not yet appear that industries that experienced the price control reforms were also those that experienced that largest decreases in tariffs. Another concern is that there could be industry selection into trade reforms. My results would be biased if improving fuel intensity trends encouraged policy makers to favor one industry over another for trade reforms. As in Harrison, Martin and Nataraj (2011), I check whether pre-liberalization industrylevel trends in any of the major available indicators can explain the magnitude of trade reforms each industry experienced. I do not find any statistically significant effects. The regression results are shown in Table 8.20 C.



Industry-level regressions on fuel intensity and reallocation



To estimate the extent to which the technique effect can be explained by changes in policy variables, I regress within-industry fuel intensity of output on the four policy variables: tariffs on final goods, tariffs on intermediate inputs, FDI re19 Price and distribution controls, year relaxed: Aluminum: 1989. Cement: 1982, last controls relaxed in 1989. Fertilizer: 1992 on. Iron & steel: 1992. Paper: 1987. Mongia, Schumacher and Sathaye (2001), TEDDY 2003, TEDDY 2005 20 Sivadasan (2009) checks for endogeneity in industry selection on productivity trends by identifying proxies for four different sources of selection bias (pre-reform trends, export orientation, capital intensity, distance from productivity frontier). In one formulation he uses these proxies as controls, and in the other he uses them to create propensity scores of being selected for reform. In Sivadasan (2009) the effect of tariff liberalization on productivity is unaffected; the FDI liberalization effect is halved.



LESLIE A. MARTIN



ENERGY EFFICIENCY GAINS FROM TRADE



31



Table 8—Changes in Reforms and Pre-Reform Trends in Industry Characteristics



∆ Fuel Intensity ∆ Production Share ∆ log(wage) ∆ log(K/L Ratio) ∆ log(Employment) ∆ log(Firm Size) ∆ log(Output) ∆ TFP (Total) Observations



∆Final Goods Tariffs -0.60



∆Input Tariffs 0.17



∆FDI Reform 0.37



∆Delicensing -0.86



(0.151)



(0.40)



(2.04)



(0.99)



-0.052



-0.16



0.17



0.82



(0.92)



(0.25)



(0.12)



(0.26)



0.002



-0.042



0.088



-0.14



(0.19)



(0.052)



(0.60)



(1.27)



-0.12



0.007



0.041



0.043



(0.080)



(0.022)



(0.052)



(0.11)



-0.062



-0.024



-0.0085



-0.034



(0.061)



(0.016)



(0.04)



(0.084)



-0.096



-0.035



0.018



-0.026



(0.12)



(0.032)



(0.077)



(0.16)



-0.037



-0.0088



0.02



-0.0028



(0.040)



(0.011)



(0.026)



(0.055)



0.038



-0.0066



0.062



0.014



(0.072)



(0.020)



(0.047)



(0.099)



136



136



136



136



Source: Harrison, Martin and Nataraj (2011): Results are coefficients from regressions of the change in reforms (final goods tariffs, input tariffs, delicensing, FDI reform) from 1990 to 2004 on changes in industry characteristics from 1985 to 1989. Each value represents a result from a separate regression. Standard errors are in parentheses.
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form and delicensing. To identify the mechanism by which the policies act, I also separately regress the two components of the technique effect, average fuelintensity within-firm and reallocation within-industry of market share to more or less productive firms, on the four policy variables. I include industry and year fixed effects to focus on within-industry changes over time and control for shocks that impact all industries equally. I cluster standard errors at the industry level. Because each industry-year observation represents an average and each industry includes vastly different numbers of firm-level observations and scales of output, I include analytical weights representing total industry output. Formally, for each of the three trends calculated for industry j I estimate: Trendjt = β1 Tariff FGjt−1 +β2 Tariff IIjt−1 +β3 FDIjt−1 +β4 Delicjt−1 +ηj +τt +jt



Results are presented in Table 9. The drop in tariffs on intermediate inputs and delicensing are both associated with statistically-significant improvements in within-industry fuel intensity. The effect of tariffs on intermediate inputs is entirely within-firm. The effect of delicensing is via reallocation of market share to more fuel-efficient firms. Table 10 interprets the results by applying the point estimates in Table 11 to the average change in policy variables over the reform period. Effects that are statistically significant at the 10% level are reported in bold. I see that reduction in input tariffs improves within-industry fuel efficiency (the technique effect) by 23%. The input tariffs act through within-firm improvements – reallocation dampens the effect. In addition, delicensing is associated with a 7% improvement in fuel efficiency. This effect appears to be driven entirely by delicensing. To address the concern that fuel intensity changes might be driven by changes in firm markups post-liberalization, I re-run the regressions interacting each of the policy variables with an indicator variable for concentrated industries. I expect that if the results are driven by changes in markups, the effect will appear
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Table 9—Extent to which within-industry trends can be explained by changes in policy variables



Final Goods Tariff Input Tariff FDI Reform Delicensed Industry FE Year FE Obs. R2



Fuel Intensity (1) -.008



Within Firm (2) -.004



Reallocation (3) -.004



(.008)



(.006)



(.006)



.043



.050



-.008



(.019)∗∗



(.031)∗



(.017)



-.0002



.0004



-.0006



(.002)



(.002)



(.002)



-.009



.002



-.011



(.004)∗∗



(.004)



(.003)∗∗∗



yes yes 2203 .086



yes yes 2203 .286



yes yes 2203 .167



Note: Dependent variables are industry-level fuel intensity of output, average fuel-intensity within-firm within-industry, and reallocation of market share to more or less productive firms within-industry. Fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Regression restricted to balanced panel of 145 industries. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.



Table 10—Aggregate within-industry trends explained by policy variables 1991-2004



Fuel intensity (technique effect) Within firm Reallocation



Final Goods Tariffs 6.3%



Input Tariffs



FDI reform



Delicensing



-22.9%



-0.3%



-7.3%



3.2% 3.2%



-26.6% 4.3%



0.5% -0.8%



1.6% -8.9%



Note: Changes relative to average post-liberalization fuel intensity of .0732. Represents 0.58 point decrease in tariffs on final goods, .39 point decrease in tariffs on intermediate inputs, FDI liberalization in 93% of industries and additional delicensing of 59% of industries.
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primarily in concentrated industries and not in more competitive ones. I define concentrated industry as an industry with above median Herfindahl index pre-liberalization. I measure the Herfindahl index as the sum of squared market shares in 1990. Table A4 in the Appendix shows the results of the concentration distinction. The impact of intermediate inputs and delicensing is primarily found among firms in competitive industries. There is an additional effect in concentrated industries of FDI reform improving fuel intensity via within firm improvements. I then disaggregate the input tariff effect to determine the extent to which firms may be responding to cheaper (or better) capital or materials inputs. If technology adoption is playing a large role, I would expect to see most of the effect driven by reductions in tariffs on capital inputs. Because capital goods represent a very small fraction of the value of imports in many industries, I disaggregate the effect by industry by interacting the input tariffs with an indicator variable. Industries are designated “low capital imports” if capital goods represent less than 10% of value of goods imported in 2004, representing 112 out of 145 industries. I unfortunately cannot match individual product imports to firms because detailed import data is not collected until 1996 and not well disaggregated by product type until 2000. Table 11 shows that the within-firm effect of decreasing input tariffs acts almost equally within-firm for capital and material inputs. If anything the effect of decreasing tariffs on material inputs is larger (but not significantly so). There is however, a counteracting reallocation effect in industries with high capital imports when the tariffs on material inputs drop – market share shifts in favor more fuelinefficient firms, mitigating the positive effect of within-firm improvements. As a robustness check, I also replicate the analysis at the state-industry level, mirroring the methodology proposed byCai, Harrison and Lin (2011). Tables A5 and A6 present the impact of policy variables on state-industry fuel intensity trends. Reducing the tariff on capital inputs, reforming FDI, and delicensing all
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Table 11—Decomposing input tariff effect into tariff on capital inputs and tariffs on materials inputs



Final Goods Tariff Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs Industy Low Capital Imports: Tariff Capital Inputs



Fuel Intensity (1) -.012



Within (2) -.008



Reallocation (3) -.004



(.008)



(.006)



(.007)



.037



(.014)∗∗∗



.022



(.010)∗∗



.013 (.009)



Tariff Material Inputs FDI Reform Delicensed Industry FE Year FE Obs. R2



.035



.028



(.015)∗



.039



.009 (.011)



-.017



(.013)∗∗∗



(.009)∗



.013



-.0008



(.008)∗



.040



(.008)



-.006



(.013)∗∗∗



(.017)∗∗



(.012)



-.0009



-.00002



-.0008



(.002)



(.002)



(.002)



-.011



-.001



-.010



(.005)∗∗



(.004)



(.003)∗∗∗



yes yes 2203 .107



yes yes 2203 .315



yes yes 2203 .171



Note: Dependent variables are industry-level fuel intensity of output, average fuel-intensity withinfirm within-industry, and reallocation of market share to more or less productive firms within-industry. Industries are designated “low capital imports” if capital goods represent less than 10% of value of goods imported in 2004, representing 112 out of 145 industries. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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lower fuel intensity, though the effects are only statistically significant when I cluster at the state-industry level. The effect of material input tariffs and capital input tariffs are statistically-significant within competitive and concentrated industries, respectively, when I cluster at the industry level. The next two subsections examine within-firm and reallocation effects in more detail, with firm level regressions that allow me to estimate heterogeneous impacts of policies across different types of firms by interacting policy variables with firm characteristics. D.



Firm-level regressions: Within-firm changes in fuel intensity



In this section I explore within-firm changes in fuel intensity. I first regress log fuel intensity for firm i in state s in industry j in year t for all firms the appear in the panel, first using state, industry, and year fixed effects (Table 12 columns 1 and 2) and then using firm and year fixed effects (column 3), my preferred specification, on the four policy variables: log fijt = β1 Tariff FGjt−1 +β2 Tariff IIjt−1 +β3 FDIjt−1 +β4 Delicjt−1 +ηi +τt +ijt In the first specification I am looking at the how firms fare relative to other firms in their industry, allowing for a fixed fuel intensity markup associated with each state, and controlling for annual macroeconomic shocks that affect all firms in all states and industries equally. In the second specification I identify parameters based on variation within-firm over time, again controlling for annual shocks. Table 12 shows within-firm fuel intensity increasing with age and decreasing with firm size (output-measure). In the aggregate, fuel intensity improves when input tariffs drop: a 10 pt drop in tariffs lead to 3% reduction in fuel intensity; representing a 12% improvement in fuel efficiency associated with the average 40 pt drop experienced in India’s manufacturing industries. Public sector rms are more fuel intensive. More fuel intensive firms are more likely to own generators.
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Table 12—Within-firm changes in fuel intensity as a function of policy reforms Dependent variable: log fuel intensity of output Final Goods Tariff



(1)



(2)



(3)



.012



.008



-.026



(.070)



(.068)



(.019)



Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs



.194



.207



.033



(.100)∗



(.099)∗∗



(.058)



.553



.568



.271



(.160)∗∗∗



(.153)∗∗∗



(.083)∗∗∗



Industry Low Capital Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Entered before 1957 Entered 1957-1966 Entered 1967-1972 Entered 1973-1976 Entered 1977-1980 Entered 1981-1983 Entered 1984-1985 Entered 1986-1989 Entered 1990-1994 Public sector firm Newly privatized Has generator Using generator Medium size (above median) Large size (top 5%)



.119



.135



.037



(.091)



(.086)



(.037)



.487



.482



.290



(.200)∗∗



(.197)∗∗



(.110)∗∗∗



-.018



(.028) .048



(.047)



-.020



(.027) .050



(.044)



-.017



(.018) .007



(.022)



.346



(.038)∗∗∗ .234



(.033)∗∗∗ .190



(.029)∗∗∗ .166



(.026)∗∗∗ .127



(.029)∗∗∗ .122



(.028)∗∗∗ .097



(.027)∗∗∗ .071



(.019)∗∗∗ .053



(.020)∗∗∗ .133



(.058)∗∗ .043



(.033)



.010



(.016)



.199



(.024)∗∗∗ .075



(.021)∗∗∗



.026



(.005)∗∗∗



-.393



(.044)∗∗∗ -.583



(.049)∗∗∗



Firm FE no no yes Industry FE yes yes no State FE yes yes no Year FE yes yes yes Obs. 544260 540923 550585 R2 .371 .401 .041 Note: Dependent variable is log fuel intensity, where fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Industries are designated “low capital imports” if capital goods represent less than 10% of value of goods imported in 2004, representing 112 out of 145 industries. Size indicator variables represent top 5% of firms (large) and 50-95% percentile (median) by output within each industry-year. All regressions restricted to firms that made it into the panel. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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Fuel intensity and firm age



I then interact each of the policy variables with an indicator variable representing firm age. I divide the firms into quantiles based on year of initial production. Table 13 disaggregates the fuel intensity effect by firm age. The strongest effects of input tariffs on improving fuel efficiency are found in the oldest firms (4.8% and 3% drop in fuel intensity for every 10 pt drop in input tariffs). FDI reform also improves fuel efficiency among the oldest firms: FDI reform is associated with a 4% decrease in within-firm fuel intensity for firms that started production before 1976. Note that the oldest firms were also the most fuel-inefficient firms, so the effect of input tariffs and FDI reform is that older firms that remain active post-liberalization do so in part by improving fuel intensity. Fuel intensity and firm size



I then interact each policy variable with an indicator variable representing firm size, where size is measured using industry-specic quantiles of average capital stock over the entire period that the firm is active. Table 14 shows the results of this regression. The largest firms have the largest point estimates of the withinfirm fuel intensity improvements associated with drops in input tariffs (though the coefficients are not significantly different from one another). In this specification delicensing is seen to lead to a 4% improvement in fuel efficiency among the largest firms and, surprisingly, FDI reform is associated with close a to 4% improvement in fuel efficiency for the smallest firms. E.



Firm-level regressions: Reallocation of market share



This subsection explores reallocation at the firm level. If the Melitz effect is active in reallocating market share to firms with lower fuel intensity, I would expect to see that decreasing final goods tariffs, FDI reform, and delicensing increase the market share of low fuel efficiency firms and decrease the market share of high fuel efficiency firms. The expected effect of tariffs on firm inputs
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Table 13—Within-firm: input tariff decrease and FDI reform improve fuel efficiency in oldest firms



Dependent variable: log fuel intensity Final Goods Tariff



Pre 1967 -.049 (.035)



Industry High K Imports: Tariff Capital Inputs Tariff Material Inputs Industry Low K Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Newly privatized



Year Firm Entered 1967-76 1977-83 1984-90 -.006 -.0004 -.039 (.031)



(.024)



(.028)



1991-03 .029 (.070)



.069



.012



.018



.011



.317



(.067)



(.047)



(.078)



(.145)



(.198)



.291



(.097)∗∗∗



.231



(.092)∗∗



.290



(.102)∗∗∗



.257



(.123)∗∗



-.029 (.184)



.029



.031



.041



.037



.025



(.047)



(.028)



(.035)



(.084)



(.128)



.369



(.127)∗∗∗



-.051



(.022)∗∗



.347



(.132)∗∗∗



-.040



(.019)∗∗



.234



(.125)∗



.231



.144



(.145)



(.140)



-.020



-.001



(.021)



(.019)



.045



(.016)∗∗∗



-.005



.034



-.005



.014



-.121



(.025)



(.022)



(.024)



(.024)



(.088)



.009 (.016)



Using generator Firm FE, year FE Obs. R2



.025



(.005)∗∗∗



yes 547083 .042



Note: Single regression with policy variables interacted with firm age. Dependent variable is log fuel intensity, where fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Entry date from stated year of initial production. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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Table 14—Within-firm: input tariff decrease improves fuel intensity mostly in larger firms



Dependent variable: log fuel intensity Final Goods Tariff



Small .014 (.041)



Industry High K Imports: Tariff Capital Inputs Tariff Material Inputs Industry Low K Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Newly privatized



Firm Size Med-small Medium Med-large -.044 -.023 -.069 (.031)



(.035)



.014



.038



-.046



(.084)



(.067)



(.070)



.247



(.094)∗∗∗



.240



(.101)∗∗



.280



(.091)∗∗∗



(.038)∗



.091



(.050)∗



.238



(.092)∗∗∗



Large -.001 (.034)



.026 (.106)



.314



(.105)∗∗∗



.038



.006



.031



.050



.048



(.041)



(.045)



(.041)



(.042)



(.058)



.222



(.122)∗



-.035



(.021)∗



.306



(.114)∗∗∗



.272



(.125)∗∗



.283



(.124)∗∗



.318



(.125)∗∗



-.015



-.005



-.009



-.017



(.020)



(.019)



(.020)



(.021)



.034



.020



.022



.006



(.026)



(.023)



(.025)



(.025)



-.046



(.025)∗



.010 (.015)



Using generator Firm FE, year FE Obs. R2



.026



(.005)∗∗∗



yes 550585 .042



Note: Single regression with policy variables interacted with firm age. Dependent variable is log fuel intensity, where fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Firm size measured as industry-specific quantiles of average capital stock over the entire period that the firm is active. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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is less clear: on one hand, a decrease in input tariffs is indicative of lower input costs relative to other countries and hence lower barriers to trade. On the other hand, lower input costs may favor firms that use inputs less efficiently, mitigating the Melitz reallocation effect. I regress log within-industry market share sijt for firm i in industry j in year t for all firms that appear in the panel using firm and year fixed effects, with interactions by fuel intensity cohort: log sijt = β1 FI cohortit × Tariff FGjt−1 + β2 FI cohortit × Tariff IIjt−1 +β3 FI cohortit × FDIjt−1 + β4 FI cohortit × Delicjt−1 + ηi + τt + ijt The main result is presented in Table 15 below. FDI reform and delicensing increase within-industry market share of low fuel intensity firms and decrease market share of high fuel intensity firms. Specifically, FDI reform is associated with a 12% increase in within-industry market share of fuel efficient firms and over 7% decrease in the market share of fuel-inefficient firms. Delicensing has a similar impact on increasing the market share of fuel efficient firms (10% increase) but an even stronger impact on decreasing market share of fuel-inefficient firms: greater than 16% reduction in market share. There is no statistically significant effect of final goods tariffs (though the signs on the coefficient point estimates would support the reallocation hypothesis). The coefficient on input tariffs, on the other hand, suggests that the primary impact of lower input costs is to allow firms to use inputs inefficiently, not to encourage the adoption of higher quality inputs. The decrease in input tariffs increases the market share of high fuel intensity firms. Fuel intensity and total factor productivity



I then re-run a similar regression with interactions representing both energy use efficiency and TFP. I divide firms into High, Average, and Low TFP quantiles
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Table 15—Reallocation: FDI reform and delicensing increase within-industry market share of low fuel intensity firms and decrease market share of high fuel intensity firms. The decrease in tariffs on materials inputs increases the market share of high fuel intensity firms.



Dependent variable: log within-industry market share Final Goods Tariff Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs Industry Low Capital Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform



(0) .011



Low (1) .004



(.054)



(.081)



Firm FE Year FE Obs. R2



(.055)



.204



.489



.246



.039



(.313)



(.155)



(.126)



-.289



(.132)∗∗



-.236 (.237)



-.247



(.138)∗



-.388



(.130)∗∗∗



-.049



-.113



-.040



.010



(.045)



(.085)



(.051)



(.067)



-.068



.235



.025



(.101)



(.167)



(.116)



.017 -.029 (.040)



Newly privatized



(.064)



(.139)



(.022)



Delicensed



by fuel intensity Avg High (1) (1) -.035 .006



.109



(.028)∗∗∗



.110



(.049)∗∗



-.004



.012



(.027)



(.028)



yes yes 550584 .023



yes yes 530882 .069



.034 (.025)



-.011 (.041)



-.352



(.124)∗∗∗



-.074



(.026)∗∗∗



-.174



(.045)∗∗∗



Note: Dependent variable is log within-industry market share. Column (0) represents a base case with no quantile interactions. Columns labeled (1) represent the result of a second regression where all policy variables are interacted with firm-level fuel intensity indicator variables. Firms are divided into 3 fuel intensity quantiles at the industry-current year level. Fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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in each industry-year. I then create 9 indicator variables, representing whether a firm is Low Fuel Intensity and High TPF or Average Fuel Intensity and Average TFP, etc. I then regress log within-industry market share on the policy variables interacted with the 9 indictor variables. Table 16 shows the results. The largest effects of reallocation away from fuel-intensive rms occur when high fuel intensity firms also have low total factor productivity (TFP). This set of regressions supports the hypothesis that the firms that gain and lose the most from reallocation are the ones with lowest and highest overall variable costs, respectively. The effect of FDI reform and delicensing favoring fuel efficient firms and punishing fuel-inefficient ones is concentrated among the firms that also have high and low total factor productivity, respectively. Firms with high total factor productivity and high energy efficiency (low fuel intensity) see 18% and 17% increases in market share with FDI reform and delicensing, respectively. Firms with low total factor productivity and poor energy efficiency (high fuel intensity) see market share losses of close to 18% and 32% with FDI reform and delicensing, respectively. Although firms with average fuel intensity still see positive benefits of FDI reform and delicensing when they have high TFP and lose market share with FDI reform and delicensing when they have low TFP, firms with average levels of TFP see much less effect (hardly any effect of delicensing and much smaller increases in market share associated with FDI reform). Although TFP and energy efficiency are highly correlated, in cases where they are not, this lack of symmetry implies that TFP will have significantly larger impact on determining reallocation than energy efficiency. Table 15 and Table 16 separate firms into cohorts based on simultaneous values of fuel intensity and total factor productivity. The main rationale for this approach is to include firms that enter after the liberalization. The effect that I observe conflates two types of firms: reallocation of market share to firms that had low fuel intensity pre-liberalization and did little to change it post-liberalization, and reallocation of market share to firms that may have had high fuel-intensity
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Table 16—Reallocation: Largest effects of reallocation away from fuel-intensive firms occur when high fuel intensity is correlated with low total factor productivity (TFP) Dependent variable: log within-industry market share Low TFP



Final Goods Tariff



Low



Fuel Intensity Avg



High



-.175



-.175



-.104



(.097)∗



(.070)∗∗



(.069)



-.029



Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs



.455



.299



(.281)



(.142)∗∗



(.152)



-.298



-.345



-.410



(.225)



(.121)∗∗∗



(.142)∗∗∗



-.051



Industry Low Capital Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Avg TFP



Final Goods Tariff



-.168



-.068



(.090)∗



(.066)



(.090)



.144



-.031



-.455



(.133)



(.109)



(.147)∗∗∗



-.052



-.073



-.174



(.037)



(.032)∗∗



(.028)∗∗∗



-.066



-.147



-.334



(.055)



(.044)∗∗∗



(.047)∗∗∗



-.012



-.026



.075



(.075)



(.064)



(.058)



-.038



Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs



.437



.231



(.332)



(.173)



(.110)



-.195



-.226



-.298



(.248)



(.150)



(.116)∗∗



-.087



-.027



.013



(.076)



(.052)



(.056)



Industry Low Capital Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed High TFP



Final Goods Tariff



.226



.045



-.264



(.147)



(.117)



(.108)∗∗



-.002



.094



.060



(.028)∗∗∗



(.025)∗∗



(.031)



.093



.009



-.036



(.051)∗



(.042)



(.050)



.043



.044



.098



(.086)



(.072)



(.062)



Industry High Capital Imports: Tariff Capital Inputs Tariff Material Inputs



.620



.237



.172



(.310)∗∗



(.171)



(.096)∗



-.279



-.172



-.326



(.231)



(.146)



(.112)∗∗∗



-.095



-.022



.053



(.098)



(.058)



(.076)



Industry Low Capital Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Newly privatized



.324



.081



-.144



(.187)∗



(.128)



(.147)



.165



.093



.072



(.029)∗∗∗



(.025)∗∗∗



(.033)∗∗



.186



.081



-.006



(.051)∗∗∗



(.044)∗



(.053)



.014 (.027)



Firm FE, Year FE yes Obs. 530882 R2 .135 Note: Dependent variable is log within-industry market share. Firms are categorized into current-year within-industry fuel intensity and TFP quantiles. Fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. TFP is estimated via Aw, Chen & Roberts index method. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.



LESLIE A. MARTIN



ENERGY EFFICIENCY GAINS FROM TRADE



45



pre-liberalization but took active measures to improve input use efficiency in the years following the liberalization. To attempt to examine the complementarity between technology adoption, within-firm fuel intensity, and changing market share, Table 17 disaggregates the effect of fuel intensity on market share by annualized level of investment post-liberalization. Low investment represents below industrymedian annualized investment post-1991 of rms in industry that make non-zero investments. High investment represents above median. The table shows that low fuel intensity firms that invest significantly post-liberalization see increases in market share with FDI reform and delicensing. High fuel intensity firms that make no investments see the largest reductions in market share. The effect of drop in input tariffs of increasing market share of fuel-inefficient firms is concentrated among firms making large investments. Fuel-efficient firms that don’t make investments see decreases in market share as tariffs on inputs drop. VII.



Concluding comments



This paper documents evidence that the competition effect of trade liberalization is significant in avoiding emissions by increasing input use efficiency. In India, FDI reform and delicensing led to increase in within-industry market share of fuel efficient firms and decrease in market share of fuel-inefficient firms. Reductions in input tariffs reduced competitive pressure on firms that use inputs inefficiently; all else equal, it led these firms to gain market share. Although within-industry trends in fuel intensity worsened post-liberalization, there is no evidence that the worsening trend was caused by trade reforms. On the opposite: I see that reductions in input tariffs improved fuel efficiency within firm, primarily among older, larger firms. The effect is seen both in tariffs on capital inputs and tariffs on material inputs, suggesting that technology adoption is only part of the story. Traditional trade models focus on structural industrial shifts between an economy producing “clean” labor-intensive goods and “dirty” capital-intensive goods.
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Table 17—Reallocation: high fuel intensity firms not making investments lose market share; low fuel intensity firms making investments gain market share; tariff on material inputs again an exception Dependent variable: log within-industry market share No investment



Final Goods Tariff



Low



Fuel Intensity Avg



.042



.037



.045



(.095)



(.088)



(.113)



High



Industry High K Imports: Tariff Capital Inputs Tariff Material Inputs



.397



.373



.090



(.437)



(.254)



(.222)



.094



-.202



-.234



(.409)



(.273)



(.236)



Industry Low K Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Low investment



Final Goods Tariff Industry High K Imports: Tariff Capital Inputs Tariff Material Inputs Industry Low K Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed



High investment



Final Goods Tariff



-.183



-.240



-.185



(.177)



(.112)∗∗



(.110)∗



.797



.704



.238



(.243)∗∗∗



(.227)∗∗∗



(.246)



-.080



-.105



-.215



(.040)∗∗



(.035)∗∗∗



(.038)∗∗∗



-.075



-.200



-.344



(.061)



(.047)∗∗∗



(.071)∗∗∗



.083



-.014



.010



(.080)



(.063)



(.077)



.530



.309



.214



(.350)



(.188)



(.174)



-.229



-.220



-.397



(.237)



(.143)



(.158)∗∗



-.220



-.063



.090



(.119)∗



(.069)



(.118)



-.200



.477



.234



(.219)∗∗



(.159)



(.171)



.024



-.030



-.123



(.033)



(.029)



(.030)∗∗∗



.059



-.069



-.263



(.050)



(.037)∗



(.042)∗∗∗



-.103



-.078



-.054



(.089)



(.080)



(.073)



Industry High K Imports: Tariff Capital Inputs Tariff Material Inputs



.636



.230



.032



(.352)∗



(.171)



(.141)



-.425



-.285



-.400



(.261)



(.144)∗∗



(.158)∗∗



-.123



-.001



.037



(.089)



(.095)



(.114)



Industry Low K Imports: Tariff Capital Inputs Tariff Material Inputs FDI Reform Delicensed Newly privatized



.064



-.229



-.501



(.127)



(.107)∗∗



(.146)∗∗∗



.185



.125



.032



(.025)∗∗∗



(.022)∗∗∗



(.029)



.282



.109



-.080



(.052)∗∗∗



(.050)∗∗



(.068)



.018 (.026)



Firm FE, year FE yes Obs. 413759 R2 .081 Note: Dependent variable is log within-industry market share. Firms are divided into 3 fuel intensity quantiles at the industry-current year level. Fuel intensity is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Low investment represents below industry-median annualized investment post-1991 of firms in industry that make non-zero investments. High investment represents above median. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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Although I think that the structural shift between goods and services plays a large role, there is just as much variation, if not more, between goods manufactured with “clean” processes vs. “dirty” processes as there is variation across industries. Within-industry, capital acquisition tends to reduce fuel-intensity, not increase it, because of the input savings technologies embedded in new vintages. For rapidly developing countries like India, a more helpful model may be one that distinguishes between firms using primarily old, depreciated capital stock (that may appear to be relatively labor intensive but are actually materials intensive) and firms operating newer, more expensive capital stock that uses all inputs, including fuel, more efficiently. REFERENCES
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Additional Figures and Tables



Figure A1. Comparing variation within industry (above) to variation in averages across industries (below). 1990 data used for both figures. Firm fuel intensity of output shown for 10 largest industries by output, ordered by NIC code.
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Figure A2. Energy intensities in the industrial sectors in India and China Source: IEA 2005: Average energy intensity of output decreased rapidly for China to levels well below India’s levels. India’s energy intensity of output stayed more or less constant. toe = tons of energy equivalents



Figure A3. Output-weighted average price deflators used for output and fuel inputs
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Table A1—Decomposition of aggregate fuel intensity into normalized contributions from within-industry improvements, reallocation within industry, and reallocation across industries



year



Aggregate



Within 0.000 -0.001 0.003 -0.001 0.000 0.004 0.005 0.010 0.010 0.009



Reallocation within 0.000 0.002 0.002 0.003 0.000 0.002 0.000 -0.003 -0.003 -0.003



Reallocation across 0.000 0.002 -0.002 -0.003 -0.004 -0.007 -0.004 -0.005 -0.007 -0.008



1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1998 1999 2000 2001 2002 2003 2004



0.068 0.071 0.071 0.067 0.065 0.068 0.070 0.070 0.069 0.067



0.062 0.064 0.066 0.065 0.063 0.066 0.064



0.012 0.015 0.020 0.020 0.019 0.023 0.018



-0.005 -0.005 -0.008 -0.010 -0.004 -0.009 -0.007



-0.013 -0.013 -0.014 -0.014 -0.020 -0.017 -0.015
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Table A2—Projected CDM emission reductions in India



Projects



Wind power Biomass Hydro power Waste gas/heat utilization Energy efficiency Cement Fuel switching Biogas Methane avoidance HFC reduction/avoidance N2O decomposition Other renewable energies Afforestation & reforestation Methane recovery & utilization Transportation PFC reduction Total



168 163 76 70 67 17 16 15 13 7 5 5 3 2 2 1 630



CO2 emission reductions Annual Total 3 6 (10 tons) (10 tons) 36.03 31.11 38.18 36.76 58.6 17.66 76.22 35.54 74.64 12.72 114.71 16.81 393.47 25.62 28.33 2.5 82.5 2.43 1577.42 82.71 406.92 6.14 20.63 0.41 25.02 0.64 94.25 1.17 32.05 0.28 433.55 1.3 80.56 273.78



Source: UNFCCC, as of 31 March 2011, Registered CDM projects: Average annual emissions reductions in thousands of tons of CO2 equivalents. Total Emission Reductions (ERS) by 2012 in millions of tons of CO2 equivalents.
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Industry (NIC87 3-digit) iron steel cotton spinning & weaving in mills basic chemicals fertilizers pesticides grain milling synthetic fibers spinning weaving vacuum pan sugar medicine cement cars paper vegetable animal oils plastics clay nonferrous metals



Table A3—Indicators for industries with most output or fuel use



1991 0.085 0.105 0.129 0.037 0.032 0.042



1998 0.107 0.107



0.024 0.060 0.299 0.034 0.243 0.032 0.037 0.205 0.188



0.111 0.056 0.039 0.041



2004 0.162 0.130



3.0 3.0 2.7 2.7 1.9 1.8 1.3 0.6 0.2



4.4 4.2 3.6 3.4



4.6 4.1 3.1 2.4 1.9 3.0 2.2 0.7 1.4



4.6 2.5 3.0 4.3



3.9 3.5 2.2 2.6 1.3 3.5 3.7 0.5 1.2



3.0 1.5 3.4 3.9



3.0 3.0 1.7 4.4 1.1 2.5 5.1 1.0 1.2



3.1 1.0 3.7 4.0



0.7 0.9 12.6 0.6 5.5 0.4 0.2 2.7 0.1



6.1 7.8 0.4 1.6



1.3 1.6 25.9 0.9 10.1 2.2 0.7 4.1 2.3



9.4 5.7 0.8 3.0



1.4 2.8 27.0 1.6 10.8 3.4 2.1 4.5 2.9



7.9 1.6 1.7 3.2



1.9 4.3 24.2 2.8 10.8 2.6 3.3 10.7 5.1



8.9 1.9 2.8 3.9



Fuel intensity of output 1985 0.089 0.098 0.142 0.122 0.024 0.053 0.016 0.043 0.309 0.042 0.248 0.038 0.040 0.201 0.138



Greenhouse gas emissions from fuel use (MT CO2) 1985 1991 1998 2004 8.7 12.3 14.2 28.3 5.2 6.7 10.7 11.6



0.151 0.152 0.018 0.057 0.019 0.030 0.310 0.035 0.227 0.040 0.033 0.195 0.130



Share of output in manufacturing (%) 1985 1991 1998 2004 8.4 8.0 5.0 5.3 6.9 5.2 5.7 4.0



0.023 0.036 0.266 0.032 0.193 0.019 0.029 0.234 0.049



Note: Data for 10 largest industries by output and 10 largest industries by fuel use over 1985-2004. Fuel intensity of output is measured as the ratio of energy expenditures in 1985 Rs to output revenues in 1985 Rs. Plastics refers to NIC 313, using Aghion et al. (2008) aggregation of NIC codes.
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Table A4—Effect of liberalization policies on within-industry trends, depending on whether industry is competitive or concentrated pre-reform



Final Goods Tariff Input Tariff FDI Reform Delicensed Concentrated X Final Goods Tariff Concentrated X Input Tariff Concentrated X FDI Reform Concentrated X Delicensed Obs. R2



Fuel Intensity (1) -.010



Within Firm (2) -.004



Reallocation (3) -.006



(.009)



(.007)



(.007)



.045



(.020)∗∗



.050



(.030)∗



-.005 (.017)



.001



.002



-.001



(.002)



(.003)



(.003)



-.007



.005



(.005)



(.005)



-.012



(.004)∗∗∗



.013



.003



.010



(.011)



(.009)



(.008)



-.024



-.008



-.016



(.018)



(.015)



(.017)



-.007



(.003)∗∗



-.006



-.009



(.003)∗∗∗



-.010



.002 (.003)



.004



(.006)



(.006)∗



(.005)



2203 .096



2203 .306



2203 .173



Note: Dependent variables are industry-level fuel intensity of output, average fuel-intensity withinfirm within-industry, and reallocation of market share to more or less productive firms within-industry. Concentrated takes a value of 1 if industry had above median Herfindahl index over 1985-1990 period. Regression restricted to balanced panel of 145 industries. Standard errors clustered at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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Table A5—Industry-state regression: Reducing the tariff on capital inputs, reforming FDI, and delicensing lowers fuel intensity



Dependent variable: industry-state annual fuel intensity (log) Final Goods Tariff Input Tariff



(1) .053



-.078



(.107)



(.117)



State-Industry FE Industry FE Region FE Year FE Cluster at Obs. R2



-.187



(.110)∗



(4) -.187 (.233)



(.597)∗



.481



(.165)∗∗∗



Tariff Materials Inputs



Delicensed



(3)



-1.059



Tariff Capital Inputs



FDI Reform



(2)



-.102



(.044)∗∗



.466



(.171)∗∗∗



.466 (.355)



-.370



-.433



-.433



(.289)



(.276)



(.338)



-.091



(.041)∗∗



-.048



-.048



(.044)



(.061)



-.068



-.090



(.084)



(.083)



(.076)∗



-.145



(.133)



-.145



yes no no yes state-ind 18188 .253



yes no no yes state-ind 18188 .254



no yes yes yes state-ind 17795 .507



no yes yes yes ind 17795 .507



Note: Dependent variable is industry-level fuel intensity of output. Concentrated takes a value of 1 if industry had above median Herfindahl index over 1985-1990 period. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.
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Table A6—State-industry regression interacting all policy variables with indicators for competitive and concentrated industries.



Dependent variable: industry-state annual fuel intensity (log) Competitive X Final Goods Tariff Tariff Capital Inputs



(1)



FDI Reform Delicensed Concentrated X Final Goods Tariff Tariff Capital Inputs Tariff Material Inputs FDI Reform



State-Industry FE Industry FE Region FE Year FE Cluster at Obs. R2



(4)



.100



.105



.036



.036



(.156)



(.150)



(.232)



.300 -.581



(.333)∗



-.089



(.047)∗



.363



(.179)∗∗



-.593



(.290)∗∗



.194



.194



(.176)



(.291)



-.626



(.322)∗



-.626



(.353)∗



-.053



-.065



-.065



(.039)



(.051)



(.068)



-.002



-.053



-.074



-.074



(.104)



(.088)



(.088)



(.128)



-.353



(.182)∗



.558



(.197)∗∗∗



-.216 (.162)



.508



(.197)∗∗∗



-.469



(.147)∗∗∗



.792



(.237)∗∗∗



-.469 (.384)



.792



(.454)∗



-.067



-.226



-.215



-.215



(.278)



(.416)



(.285)



(.379)



-.045 (.051)



Delicensed



(3)



(.137) (.202)



Tariff Material Inputs



(2)



-.328



-.184



(.095)∗



-.074



.022



.022



(.059)



(.069)



-.172



-.172



(.097)∗∗∗



(.150)



(.099)∗



(.186)



yes no no yes state-ind 18188 .263



yes no no yes state-ind 18188 .259



no yes yes yes state-ind 17795 .508



no yes yes yes ind 17795 .508



Note: Dependent variable is fuel intensity of output at state-industry-level. Concentrated takes a value of 1 if industry had above median Herfindahl index over 1985-1990 period, else industry is labeled as competitive. Column (1) calculates Herfindahl index at industry-state level. Columns (2)-(4) calculate it at industry level. Region represents one of 5 electricity-grid regions described in Table 4: North, West, South, East, and Northeast. Columns (1)-(3) cluster standard errors at the state-industry level. Column (4) clusters standard errors at the industry level. One, two, and three stars represent significance at 10%, 5% and 1% levels, respectively.



























[image: Energy efficiency gains from trade: greenhouse gas ...]
Energy efficiency gains from trade: greenhouse gas ...












[image: Energy and Greenhouse Gas Policy - PolyU]
Energy and Greenhouse Gas Policy - PolyU












[image: Gains from Trade]
Gains from Trade












[image: Energy and Greenhouse Gas Policy - PolyU]
Energy and Greenhouse Gas Policy - PolyU












[image: Gains from Trade]
Gains from Trade












[image: Trade Patterns, Income Differences and Gains from Trade]
Trade Patterns, Income Differences and Gains from Trade












[image: ocsb-energy-use-greenhouse-gas-emissions-report-2012-13.pdf ...]
ocsb-energy-use-greenhouse-gas-emissions-report-2012-13.pdf ...












[image: ocsb-energy-use-greenhouse-gas-emissions-report-2011-12.pdf ...]
ocsb-energy-use-greenhouse-gas-emissions-report-2011-12.pdf ...












[image: USE IT OR LOSE IT: EFFICIENCY GAINS FROM ...]
USE IT OR LOSE IT: EFFICIENCY GAINS FROM ...












[image: Gains from Financial Integration and Trade Openness ...]
Gains from Financial Integration and Trade Openness ...












[image: Imported Inputs and the Gains from Trade]
Imported Inputs and the Gains from Trade












[image: Imported Inputs and the Gains from Trade]
Imported Inputs and the Gains from Trade












[image: California's New Greenhouse Gas Laws - Oxford Journals]
California's New Greenhouse Gas Laws - Oxford Journals












[image: Greenhouse Gas Emissions Inventory Report - Government.FINAL ...]
Greenhouse Gas Emissions Inventory Report - Government.FINAL ...












[image: Renewable Energy and Energy Efficiency ... - Semantic Scholar]
Renewable Energy and Energy Efficiency ... - Semantic Scholar












[image: Renewable Energy and Energy Efficiency ... - Semantic Scholar]
Renewable Energy and Energy Efficiency ... - Semantic Scholar












[image: Energy efficiency Worksheet.pdf]
Energy efficiency Worksheet.pdf












[image: Energy Efficiency Trends in Canada]
Energy Efficiency Trends in Canada












[image: ENERGY EFFICIENCY PERFORMANCE STANDARDS - Consumer ...]
ENERGY EFFICIENCY PERFORMANCE STANDARDS - Consumer ...












[image: Energy Efficiency Trends in Canada]
Energy Efficiency Trends in Canada












[image: Efficiency Gains in Rank-ordered Multinomial Logit ...]
Efficiency Gains in Rank-ordered Multinomial Logit ...












[image: Exporting and Plant-Level Efficiency Gains: It's in ... - Semantic Scholar]
Exporting and Plant-Level Efficiency Gains: It's in ... - Semantic Scholar












[image: Exporting and Plant-Level Efficiency Gains: It's in the Measure]
Exporting and Plant-Level Efficiency Gains: It's in the Measure















Energy efficiency gains from trade: greenhouse gas ...






Feb 2, 2012 - Clean Development Mechanism energy efficiency and renewable energy projects combined. .... With firm-level data, I am able to reduce these sources of bias. .... II. Why trade liberalization would favor energy-efficient firms. 






 Download PDF 



















 719KB Sizes
 2 Downloads
 273 Views








 Report























Recommend Documents







[image: alt]





Energy efficiency gains from trade: greenhouse gas ... 

Feb 2, 2012 - nini Hall, Berkeley, CA 94720 (email: [email protected]) ... output and increase exports, effectively allowing wealthy countries to outsource ..... Although the Melitz and Bustos models do not directly address the issue of.














[image: alt]





Energy and Greenhouse Gas Policy - PolyU 

General Statement. The Hong Kong Polytechnic University (PolyU) is committed to responsible energy management and carbon emission reduction. It intends to ...














[image: alt]





Gains from Trade 

Nov 11, 2015 - Any SCF not satisfying this property will necessarily require thor- ...... c. ' Oa. 1. 2. 1. 2 r. Ï‰K. Ob. Ia. Ib. E. T c. ' Oa. 3. 4. 3. 4 r. Ï‰Kc. Ob. Ia. Ib.














[image: alt]





Energy and Greenhouse Gas Policy - PolyU 

To attain energy efficiency and reduce carbon emission through proper. 5. maintenance as well as monitoring and auditing of campus operations and practices;.














[image: alt]





Gains from Trade 

Aug 8, 2013 - very least, no agent can be made worse off than her initial holding. However, this basic. âˆ—. Chambers: Department of Economics, University of California, San Diego. email: [email protected]. Hayashi: Adam Smith Business School, Univ














[image: alt]





Trade Patterns, Income Differences and Gains from Trade 

Nov 12, 2012 - To do this, we analyze highly disaggregated bilateral trade data and ...... for p1 that arises from substituting the free entry condition and the first.














[image: alt]





ocsb-energy-use-greenhouse-gas-emissions-report-2012-13.pdf ... 

Loadingâ€¦ Page 1. Whoops! There was a problem loading more pages. ocsb-energy-use-greenhouse-gas-emissions-report-2012-13.pdf.














[image: alt]





ocsb-energy-use-greenhouse-gas-emissions-report-2011-12.pdf ... 

St Francis Xavier School 3740 Spratt Rd Gloucester K1V2M1 180,241.00 Square Feet FALSE 6.00 1,235,150.24219 kWh 53,155.57270 Cubic meter 0.00000 ...














[image: alt]





USE IT OR LOSE IT: EFFICIENCY GAINS FROM ... 

Jan 21, 2016 - Std. dev. of individual fixed effect Ã¦"Âµ. 0.34. Guvenen, Kambourov, Kuruscu, Ocampo, Chen. Use It Or Lose It. January 21, 2016. 25 / 64 ...














[image: alt]





Gains from Financial Integration and Trade Openness ... 

and Foreign countries can freely trade goods, but individuals are not able to invest abroad. ... Section four presents the quantitative results for the open economy: first under ... Moreover, capital account openness is associated with higher output 














[image: alt]





Imported Inputs and the Gains from Trade 

a local elasticity of welfare with respect to the domestic share (the coeffi cient âˆ’Î· Îµ. ) that is about 3 times larger (in absolute value) than the one implied by the ...














[image: alt]





Imported Inputs and the Gains from Trade 

1Kasahara and Lapham (2007) have documented these facts for Chile, while similar facts can be found in Kurz (2006) .... 4About three quarters of manufacturing plants in Chile do not use any imported inputs. Excluding these ...... Eaton, J., and S. Ko














[image: alt]





California's New Greenhouse Gas Laws - Oxford Journals 

California's New Greenhouse Gas. Laws. Michael Hanemann. âˆ—. Introduction and Overview. On August 31, 2006, the California Legislature passed AB 32, the ...














[image: alt]





Greenhouse Gas Emissions Inventory Report - Government.FINAL ... 

Greenhouse Gas Emissions Inventory Report - Government.FINAL.pdf. Greenhouse Gas Emissions Inventory Report - Government.FINAL.pdf. Open. Extract.














[image: alt]





Renewable Energy and Energy Efficiency ... - Semantic Scholar 

Oct 18, 2013 - Energy Efficient Appliance Tax Credit for Manufacturers . ..... FY2011; $0 for FY2012; $0 for FY2013; data for FY2014 is currently unavailable.














[image: alt]





Renewable Energy and Energy Efficiency ... - Semantic Scholar 

Oct 18, 2013 - Bioenergy Technologies Office â€“ Financial Opportunities online ... contract for cost-shared research, development, and demonstration projects. ... production, delivery, and storage technologies; overcome technical barriers to.














[image: alt]





Energy efficiency Worksheet.pdf 

Energy efficiency Worksheet.pdf. Energy efficiency Worksheet.pdf. Open. Extract. Open with. Sign In. Main menu. Displaying Energy efficiency Worksheet.pdf.














[image: alt]





Energy Efficiency Trends in Canada 

includes most of the historical energy use and GHG emissions data used by Natural Resource. Canada's (NRCan's) Office of Energy Efficiency (OEE). This database can be viewed at oee.nrcan.gc.ca/corporate/statistics/neud/dpa/data_e/databases.cfm?attr=0














[image: alt]





ENERGY EFFICIENCY PERFORMANCE STANDARDS - Consumer ... 

Long-Term: Setting an increasingly rigorous standard over a number of years that ... Product Neutral: Attribute based standards accommodate consumer preferences ... Cost benefit analyses of past efforts to increase energy efficiency support the .....














[image: alt]





Energy Efficiency Trends in Canada 

each household is using a greater number of energy- consuming goods and services ..... Several indicators can help describe the growth in energy use in the ...














[image: alt]





Efficiency Gains in Rank-ordered Multinomial Logit ... 

Jun 14, 2016 - systems where individuals are asked to report their top two or three choices ... The analytic results of this paper employs the Hessian-based ...














[image: alt]





Exporting and Plant-Level Efficiency Gains: It's in ... - Semantic Scholar 

This argument has been made by theoretical contributions in the spirit of Grossman and Helpman (1991) and is supported by a plethora of case studies in the ...














[image: alt]





Exporting and Plant-Level Efficiency Gains: It's in the Measure 

we compute plant-product level marginal cost as an efficiency measure that is not .... product level, as discussed in Section 2.5), and (ii) when using reported ... tariffs over time and across 4-digit sectors is sufficient to yield a strong first st


























×
Report Energy efficiency gains from trade: greenhouse gas ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















