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1 Introduction

Do high energy prices worsen economic performance? This question is at the heart of the
perceived dilemma faced by environmental policies between the need to reduce carbon
emissions and that of not hurting economic performance. With no market imperfections
and profit-maximizing producers, economic theory predicts that an increase in factor
cost must necessarily lead to worse performance, because if profitable opportunities
existed before the cost increase, fully rational producers would already be exploiting
them. However, in the presence of distortions, one argument is that making energy
consumption more expensive can spur investment in new technology and force managers
to adopt more efficient production methods, ultimately resulting in higher productivity.
The mechanism is known as the “Porter Hypothesis” (Porter and van der Linde,1995).

Using data from one of the largest emerging economy, this paper provides novel
evidence supporting the Porter Hypothesis and unveil a new mechanism behind the
results. The analysis employs a large panel of Indonesian manufacturing plants in the
period 1990-2015, during which the price of energy - and fossil fuels in particular - has
been highly subsidized in Indonesia. Exploiting the exogenous variation in energy prices
due to the geographical location of plants across the Indonesian archipelago, we find
that a 10% increase in fuel price boosts on average total factor productivity as well as
labor productivity by 1.4%.

We provide suggestive evidence that the key mechanism behind this result is the
change in capital spurred by the price increase. In particular the data are consistent
with plants replacing inefficient fuel powered machinery, whose use has been incentivized
by highly subsidized fossil fuel prices, with more efficient electricity powered capital. 1

This machinery turnover is associated with higher capital productivity, greater energy
efficiency and larger electricity consumption per unit of capital. Moreover, new plants
entering the market in periods of high fossil fuel prices are shown to be more energy-
efficient but consuming more electricity per unit of capital, which results in higher capital
productivity and productivity. On the other hand, and consistent with the existing
literature, electricity prices have a negative impact on firms’ performance. An important
implication of fuels and electricity prices having opposite effects on performance is that
studying the combined effect of all energy sources can be misleading.

Most of the literature studying the impact of energy prices on economic performance
restrict the analysis to electricity (e.g. Abeberese ,2018; Marin and Vona, 2017). How-
ever in Indonesia, as in several other developing countries, fuels represent an important
source of energy for manufacturing producers. A key contribution of this paper is to
expand the analysis beyond electricity to include the role of fossil fuels as well. That
is particularly relevant in Indonesia, where fuel is the most important source for the
majority of manufacturing industries (Figure A2).

Our result that higher fuel prices improve performance is consistent with several

1The engineering literature agrees that electric machinery is more efficient than heat-powered equip-
ment and the newest vintages of machinery embodying the latest technology are largely powered by
electricity.
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strands of literature. Evidence, mainly from high income countries, supports the hy-
pothesis that higher energy prices lead to energy-saving innovation (e.g. Popp, 2002).
But in developing countries, which are typically below the technological frontier, firms
are more likely to adopt rather than develop new energy-saving technology in response to
energy price increases (Cirera and Maloney, 2017). While the adoption of energy-efficient
equipment can mitigate the adverse impact of higher prices on firms’ performance, it is
theoretically less plausible that it may lead to an improvement in the adopter’s perfor-
mance that more than compensates the higher cost of energy. However, within a model
of directed technical change, Acemoglu (2010) shows that market power in the technol-
ogy sector leads to suboptimal equilibrium allocations, and in some plausible regions
of the parameter space shortage of a factor leads to productivity-enhancing innovation.
As a result, the Porter Hypothesis is more likely to hold at lower initial levels of en-
vironmental regulation. In Indonesia, fossil fuel prices have been heavily subsidized so
that the industry has enjoyed some of the lowest prices in the world, which might be
interpreted precisely as low initial levels of regulation.2

Capital goods heterogeneity is central to the theoretical underpinning of this paper.
For instance, in the spirit of Cass and Stiglitz (1969), capital vintage models predict that
when an old vintage is complementary to labor while the new one is not, an increase
in wages induce scrap of the old vintage and substitution with the most recent one.
In a similar fashion, if old vintages are fuel-powered while new vintages are electricity-
powered, it is not surprising that an increase in fuel prices would lead to substitution
towards newer machinery. More recently, Xepapadeas and de Zeeuw (1999) show that
an increase in energy prices can lead to a modernization of the capital vintage and to
higher productivity. Jovanovic and Yatsenko (2010) show that old and new vintages can
coexist under mild assumptions, which explains why otherwise similar plants can have
in place different technologies.

The finding of the paper are also related to a large literature attributing the slow
diffusion of productivity-enhancing technology to information frictions. Earlier evidence
shows that firms do not exploit available profitable opportunities in energy-saving tech-
nologies (DeCanio and Watkins, 1998). DeCanio (1993) discusses how information fric-
tions and limited attention could also lead the management to give low priority to
improving energy efficiency, as energy costs usually represent a small fraction of over-
all expenses. Poterba and Summers (1991) find that among US manufacturing firms,
managers tend to use implausibly high hurdle rates to evaluate projects.

The Porter Hypothesis seems more likely to hold the greater the importance of mar-
ket distortions. Therefore, the frictions that might be responsible for sub-optimal in-
vestment decisions in advanced economies might be even more relevant in a developing
country such as Indonesia. For instance, in a developing country managers might be
less qualified than in advanced economies, which might lead to sub-optimal investment
decisions. Lower competitive pressure might also reduce incentives to adopt the most

2To the extent that a non linear negative relation between energy intensity and prices exist across
countries (Grubb et al., 2017), Indonesia may be at a point of the curve where small increases in fuel
prices may generate large efficiency gains.
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productive working methods. Incomplete information has been used to explain why
firms in developing countries do not adopt more efficient management practices despite
large actual net returns from adoption (Bloom et al., 2013).

Indonesia represents an ideal laboratory to test the Porter Hypothesis. The country
has held a long-standing policy of subsidized energy prices, including for industrial users,
which has resulted in some of the lowest energy prices internationally. This is especially
true for fossil fuel prices, which have been shown to be the lowest in a large range of
countries for which this data is available (Figure A1).3 Another reason that makes
Indonesia a suitable case to study is its geography. While the prices of energy are set
nationally by state-owned monopolists, in practice prices for the users tend to differ
across the archipelago due to different distribution costs (Rentschler and Kornejew,
2017). Such heterogeneity allows us to build valid and powerful instrumental variables.

Indonesia also offers a rich set of data on manufacturing plants over a long period of
time. That is unusual for a developing country, where - unlike in high-income countries
- the scarcity of firm-level data has constrained the evidence on the impact of envi-
ronmental policies on firms’ performance. 4 Filling this evidence gap is particularly
important as much of the argument for not taxing carbon emissions in developing coun-
tries rests on the trade-off between the need to reduce poverty and emissions (Dercon,
2014). This trade-off is central to emission reduction as industries in developing coun-
tries are responsible for a large and increasing share of global greenhouse gas emissions.
5

A couple of recent papers have started filling this gap. Abeberese (2018) finds that
increases in electricity prices induce Indian firms to switch to less electricity-intensive
production, to reduce their machine intensity, and lower their output and productivity
growth. The study does not consider other energy sources and hence it is not clear to
what extent firms may substitute across energy sources and what impact an emission
tax could have. In addition the particularly high industrial prices of electricity in India
may make it difficult to generalize the findings to the many developing countries which
subsidize energy prices. Closer to the context of this study, Rentschler and Kornejew
(2017) examine the impact of energy prices variation across Indonesian islands on a
cross-section sample of small and micro manufacturing firms, finding a small but signif-
icant negative effects on firms’ performance and evidence of inter-fuel substitution. We
complement this study by focusing on Indonesian manufacturing firms with at least 20
employees, which account for around 90% of the value added in Indonesian manufactur-
ing.6 The use a long annual panel of manufacturing firms and exogenous price changes

3While the subsidy has been largely phased out in the public budget at the end of 2014, energy
prices continue to be implicitly subsidized by the state owned monopolists of electricity production and
distribution and of fuels distribution, thus also generating concerns for their economic sustainability.

4Recent studies on high-income countries generally find a negative relation between energy prices and
firms’ performance (see e.g. Albrizio et al., 2014; Commins et al., 2011; Marin and Vona, 2017).

5Cantore et al. (2016) show that such trade-off may be softened by the positive relation between
energy efficiency and productivity. While these results are consistent with the weak Porter hypothesis,
they do not address the question of the impact of environmental tax policies on performance in developing
countries.

6On the other hand these firms account for around 38% of total manufacturing employment.
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over time allows us to provide more accurate causal estimates of impact. Moreover, our
analysis can shed light on the dynamics of adjustment of firms over time, which allow
to provide novel evidence on a key adjustment mechanism used by firms.

The paper is organized as follows. The next section describes data and identifi-
cation strategy; Section 3 describes the energy price data and the construction of the
instruments; Section 4 provides the results, and Section 5 concludes.

5



2 Data and methodology

2.1 Data

Plant level data are taken from the Indonesian survey of manufacturing plants with at
least 20 employees (Statistik Industri) administered by the Indonesian statistical office
(BPS). The coverage of the survey is extensive; in fact it becomes an actual census in
1996 and 2006 and it is very close to a census in the remaining years, hence ensuring
high representativeness even at the provincial level. Plants are grouped into 5 digits
sectors following the definition Klasifikasi Baku Lapangan Usaha Indonesia (KBLI), a
classification mostly compatible with ISIC Rev.3. The KBLI classification has been ad-
justed to be consistent over the whole sample, ranging from 1990 to 2015. The plant level
data provide information on several variables such as output, capital stock, employment,
materials and energy usage by type. One of the key challenges of the Statistik Industri
data is the lack of complete series of capital stock. Earlier studies tried to re-construct
capital stock series applying the perpetual inventory method to the first year of capi-
tal stock data reported by the plant (Amiti and Konings, 2007; Javorcik and Poelhekke,
2017). However this imputation method crucially relies on the capital value self-reported
by the firm the first year this data is available, which is not necessarily accurate.7 To
minimise such tradeoffs we have adopted a hybrid strategy that is described in detail in
the appendix.

Price deflators are constructed by matching wholesale price indexes available at the 5
digits level IHPB classification (Indeks Harga Perdagangan Besar) with KBLI. Moreover,
we are able to obtain different capital deflators depending on the type of asset. We dis-
tinguish general price deflators from machinery and equipment, vehicles, and buildings.
For all deflators, 2010 is used as a base year.

2.1.1 Plant’s Production Function Estimates and RTFP

We estimate productivity based on a four-factors Cobb-Douglas production function in-
cluding capital, labor, materials and energy used (KLEM). Given our focus on energy
prices, including energy as an input of the production function eliminates the concerns
that the correlation between TFP residuals and energy prices is spurious due to the
omission of the energy input. With sector-specific price deflators we express revenue
and all inputs in real terms and we estimate plant-level revenue-total factor productivity
(RTFP) as in Ackerberg, Caves and Frazer (2015). We account for the possibility that
input intensities may differ across different industries, we allow the estimate the pro-
duction function for each 2-digit sector. The average estimated coefficients are 0.16 for
capital, 0.8 for labor, 0.21 for materials, and 0.32 for energy. The average coefficient for
capital is remarkably similar to Allcott, Collard-Wexler, and O’Connell (2016), which

7In particular, there is no a priori reason to believe that the quality of the self-reported capital stock
the first year is necessarily better than the value in other years. Moreover, despite the better quality
of the purchase and sales data with respect to the self-reported stock, the perpetual inventory methods
needs to rely on measures of capital depreciation, which are difficult to accurately estimate.
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like us estimate a four-factors Cobb-Douglas on Indian manufacturing plants. However,
our coefficients on labor, materials and energy are substantially higher. One key differ-
ence between our approach and that in Allcott, Collard-Wexler, and O’Connell (2016)
is that they only include electricity in energy expenses, whereas we also include fossil
fuels. Table A1 in the appendix reports our estimates for each 2-digit sector.
footnoteWe follow the literature in not imposing restrictions on the coefficients , which
results in a few negative estimates. Results are robust to measures of RTFP obtained
replacing negative coefficients with zero. To get a sense of the reliability of the estimated
RTFP, Figure A3 of the appendix plots the estimated RTFP over time, which is shown
to be procyclical and to fall during the Asian Crisis of 1998 and the Great Recession
of 2008. The panels below show, respectively, differences in RTFP by foreign capital,
export-status, and size. Consistent with economic theory the figure shows that plants
with foreign investment, exporters and large plants are on average more productive.

2.2 Methodology

Our main goal is to estimate the causal impact of changes in energy prices on plants’
performance. A key advantage of the Indonesian manufacturing data is the detailed
breakdown of energy use by source, which allows us to distinctly estimate the impact of
a change in price of different energy sources on performance. To that end we estimate
the following model:

Yft = β0 +
∑
i

βi1s
i
ftP

i
ft + β2Xft + uf +Dt + εft (1)

Each plant is indexed by f . The dependent variable Yft is a performance indicator
- RTFP, labor productivity, and profits. To identify the channels through which energy
prices affect performance, in some specifications we use other plant-specific variables
such as capital purchases and sales. In (1), sift denotes the share of energy source i

at time t over total energy expenses, while P i
ft represents the implicit electricity price

paid by the plant for each energy type. Implicit prices are obtained from survey data
by dividing electricity expenses by quantities consumed. The term uf is the plant fixed
effect and Dt denotes year dummies. The vector Xft includes several control variables
depending on the specification and they are discussed below. The error term is denoted
by εft.

The key issue with specification (1) is that both sift and P i
ft might be endogenous

to performance measures hence biasing the estimated coefficient. Demand shocks could
drive up the demand for energy (and thus, energy prices) and also affect our measures of
performance, biasing upward the coefficients. Reverse causality could also be an issue,
as technology shocks or local infrastructure development could boost performance and
at the same time reduce the price paid for energy, downward-biasing the coefficients. To
mitigate these potential issues, we include: i) two-digit sector-year dummies to control
for changes in market conditions and development in sector-specific technologies, and
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ii) region-specific time trends to account for differences in local development.8 9 The
inclusion of the latter is particularly relevant in light of the discussion on geographical
factors in the next section.

Other plant-level omitted variables might bias downward the coefficient of (1). These
include for instance the hiring of high ability managers, who might be able to improve the
firm’s performance and to reduce energy prices, e.g. by negotiating with local suppliers
or by organizing the production to maximize energy consumption during non peak hours.
Similarly plants could benefit from politically connected managers, who could earn large
profits and at the same time enjoy preferential energy rates. In such cases plants’ fixed
effects are not enough to address endogeneity as managerial quality might be time-
varying. Moreover, given the heterogeneity of the potentially omitted variables, there is
no a priori direction of the bias. Therefore, to overcome the issue we instrument plant-
level implicit energy prices with a variable that we argue is highly correlated with P i

ft,
but independent of plant-specific performance measures. To obtain such a variable, we
adopt an approach that is similar to Rentschler and Kornejew (2017) that consists in
exploiting the exogenous variation in energy prices across different provinces in which the
plants are located. Throughout most of the period of analysis Indonesia had 27 provinces
(it has now 34) distributed across seven major geographical units, consisting in major
island or groups of Island. Such heterogeneity results in substantial differences in the
cost of energy distribution, which translates into differences in the price for energy faced
by firms in each province. Details on the construction of the instrument are provided in
Section 3.

There are two final concerns in estimating (1). The first is that correlation across
prices for different energy sources - particularly fuels - might lead to multicollinearity,
which would inflate the standard errors of individual coefficients. A more robust and
easy-to-interpret specification is obtained by splitting energy sources in two groups -
electricity and fossil fuels - and then within each category imposing the same coefficient
for all sources. A more detailed discussion will follow in the next section. The second
concern is that the plants are likely to respond to energy price changes by changing their
energy cost shares in PE

ft. For instance, a change of electricity price might reduce the
quantity of electricity used within a plant and possibly trigger substitution with other
energy sources, affecting each sift. To address the issue, instead than using the actual
time-varying energy shares, for each plant we fix shares at the first year the data are
available and then drop the first observation for each plant. Our explanatory variable
can be interpreted as the price for energy that a plant would have paid if no change in
consumption shares would have taken place. We believe that using the same set of shares
for the endogenous regressor and the instrument has the advantage of making OLS and
IV estimates more comparable. A similar strategy can be found in Marin and Vona
(2017), which instead use the actual time-varying shares for the endogenous regressor.

8We are interested in controlling for long-run regional development, which are better captured by
time trends. However, the main results are robust to the inclusion of region-year fixed effects instead.

9There are 6 regions, Sumatra, Java, Bali & Nusa Tenggara, Kalimantan, Sulawesi, and Maluku &
Papua, roughly corresponding to the main island of the archipelago.
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We also experiment with their method and find very similar results.
Taking into account all the issues discussed above, our specification becomes:

Yft = β0 + β1P
elec
ft + β2P

fuel
ft +Dst + trendr + uf + εft (2)

In (2), Dst are sector-year dummies, trendr denotes region-time trends and P elec
ft and

P fuel
ft are instrumented with the province-level exogenous variation in energy prices.

After controlling for economy-wide and sector-specific market factors, as well as
for plants’ unobserved characteristics, identification of β1 and β2 in (2) comes from
comparing performance over time in plants facing different changes in energy prices. Our
set of instruments, which as we argue below are orthogonal to plant-level performance
but correlated to plant-level prices, allows to draw a causal link from energy prices to
competitiveness. In all specifications of (2) we compute robust standard errors which
account for potential heteroskedasticity within plants.

3 Implicit Energy Prices and Instruments

In Indonesia the prices of main energy sources are set by the national distribution mo-
nopolists - PLN for electricity and Pertamina for diesel, gasoline, lubricants and gas - in
accordance with the government. As such they are supposed to be homogenous across
the country. In fact prices for the users tend to widely differ across the archipelago
(Rentschler and Kornejew, 2017). Poor infrastructures create frequent local supply
shortages. Difficulties in distribution result in price pressure as third parties step in
to fill the local-level gaps at higher prices, producing price dispersion across provinces
located in different areas of the archipelago (IEA, 2015; Inchauste and Victor, 2017).
For instance, missing high-voltage electricity transmission have prompted authorities to
approve higher tariffs at the local level in order to unlock local small-scale supply from
independent utilities (IEA, 2014).

The problem of price dispersion is particularly acute for fossil fuels in remote re-
gions such as Papua and North Kalimantan, where fuel can only be transported by
aircrafts and sea vessels. Because of that the Indonesian government has recently im-
plemented a “One-price Fuel Policy” aimed at equalizing the cost of fossil fuel across
the archipelago.Restrictions have also been proposed to allow only buyers with special ID
cards to purchase fuel from state oil and gas firm Pertamina, in order to prevent people
from buying fuel from Pertamina before reselling them at a price that is higher than the
level set by the one-price fuel policy.

The manufacturing plants’ data allows us to isolate exogenous variation in energy
prices due to differences in the geographical location of firms in the Indonesian archipela-
gos. More specifically, we exploit the fact that the dataset provides information on values
and quantity of energy consumed by firms, including a breakdown by energy type. Thus,
we first compute the implicit price that each firm pays for each source of energy, which
corresponds to its average unit cost. The advantage of using our estimates is that we can
capture the prices actually paid by the firms, as they are likely to differ from national
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mandated prices because of the differences in the cost of energy distribution across the
country.

A valid instrument must affect plants’ performance only through its impact on plant-
level prices. One concern is that the province-level differences in prices are due to factors
that are linked to the characteristics of the plants populating a particular province. For
instance, infrastructure development in one province might cause lower energy prices and
higher plants’ productivity. To mitigate such concern, we adopt the following regress
such prices on a set of firms characteristics and yearprovince dummies. During most
of the period of analysis Indonesia was divided into 27 provinces distributed across
seven major geographical units, consisting of major islands or groups of islands. Such
heterogeneity results in substantial differences in the cost of energy distribution, which
translates into differences in the price for energy faced by firms in each province. The
instrument based on the province-specific energy price captures dispersion in the cost
of energy due to the geographical location of the plant. For instance, plants located in
remote locations such as the Papua island pay on average more than their counterparts
in Central Java, which is one of the most developed regions in Indonesia. To estimate
such differences we run the specification in (3) that isolates the variation in energy prices
that is purely due to location characteristics:

P i
ft = const+AZft +Di

pt + ηift (3)

In (3), plant-level implicit energy prices for each source i are regressed on a vector
of plant characteristics, Zft and a set of province-year dummies, Di

pt, which capture
the location specific variation in the price of the relevant energy source in deviation
from the national-average price.10 The vector Zft includes: i) real output; ii) capital-
labor ratio; iii) raw materials-output ratio; iv) plant fixed effect, and v) five-digits sector
dummies to account for possible endogenous product switching by the plants. The
plants’ fixed effects ensure that the composition of plants and sectors by province would
not affect our province-level price estimates. Energy price variation due to changes in
the technology used by the plants are accounted for by changes in the capital-labor ratio
and the materials-intensity of output. The inclusion of real output allows to capture not
only energy price changes that are due to changes in plants’ size, but also the impact of
changes in infrastructure or local political developments, which could otherwise challenge
the validity of the instrument’s exclusion restriction. To see why this is important,
consider the case in which at a given point in time the electricity grid reaches a plant f
located in province p. The grid expansion would presumably lower the price for electricity
paid by the plant that would be captured by Di

pt, but also affect plant performance in
ways that are possibly unrelated to energy prices. Another example is the election of
a new politician. The election could have an effect on the performance of plants and
on the energy prices paid in the province. Therefore, failing to control for Zft would

invalidate our instrument D̂i
pt, as it would be correlated to Yft not only through its effect

10We use the administrative division of provinces at the beginning of our period of analysis, when
Indonesia was split into 27 provinces distributed across seven major geographical units, consisting in
major island or groups of Island.
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on P i
ft. The survey asks manufacturers about expenditures and quantities of a variety of

energy sources: PLN and non PLN electricity, gasoline, diesel, kerosene, coal, gas, LPG,
lubricant, oil diesel, oil burn, charcoal, firewood, coke plus a category labelled “other
fuels”. Exception made for PLN and non-PLN electricity, diesel, gasoline and lubricants,
which constitute almost 80% of all energy sources (Figure A4), all other sources have
been included in “other fuels” in some years. Therefore, to minimize noise, we limit the
analysis to the energy sources that have been separately identified in every year in the
sample. Results, however, are also robust to the inclusion of all available energy sources.

Our estimates of province-year dummies obtained using (3) exhibit substantial vari-
ation, suggesting that there are indeed local shocks affecting the price for energy paid
by plants thus allowing our identification. Figure A9 plots the estimated coefficients for
the most used sources of energy, after taking the average across the 34 provinces by each
major Indonesian region. The figure shows that there are systematic differences across
provinces and that the most remote regions pay more than the national average. Figure
A10 shows the same estimated dummies but for each province in the Java region. Our
estimates reflect the difference between the price for energy paid in each province and
the national average price. Therefore, such deviations can be interpreted as a proxy for
the (time varying) cost of distributing energy in a particular province, which is largely
exogenous exogenous to plants’ performance after controlling for plants’ fixed effect.

Table A3 shows that the first stage of the IV estimates in Table 2 are very tightly
estimated. The R2 are above 0.8 in all but last column, in which the relative energy price
is regressed on electricity and fuel provincial variation, for which the fit is around 0.3. In
columns 1 and 2, a 10% variation in exogenous provincial variation results in roughly 8%
variation in average implicit prices, suggesting that a large fraction of province variation
of the actual energy prices paid by plants are driven by local factors. Table A3 reports
F-statistics as well, which are very large in all specifications, which reassures us on
the choice of our instrument and confirms that the province-year variation in energy
price is sufficiently heterogeneous to identify our effects of interest.11 The fact that
provincial variation in fossil fuel prices has an impact on the implicit price for electricity
and viceversa (columns 3 and 4) ,suggests that including only fuel price could result in
a violation of the exclusion restrictions and so it supports our specification with two
endogenous regressors.

4 Results

Before proceeding with the analysis of the impact of electricity and fuels prices sepa-
rately, Table 1 shows that using an aggregate energy price index might be misleading, as
it results in negative (although not significant) cumulative effect on our main outcome

11In order to compute F statistics we slightly modify the baseline specification. To construct sector-
year dummies, we group together: i) Coke and Chemicals, and ii) Computing Machinery and Medical
and Optical Equipment. While the magnitude and errors of the estimates remain virtually unchanged,
a slightly higher level of aggregation avoids singleton dummies leading to a singular variance-covariance
matrix, which prevents us from calculating the F statistics.
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variable, RTFP. Instead, Table 2 presents results for a specification including simulta-
neously electricity and fuel prices. In columns 1 to 3 we show OLS coefficients, which
are positive for both electricity and fuel prices, irrespectively of whether they are in-
cluded together or separately. The IV estimates in columns 4 to 7, however, show that
electricity prices have a negative impact on productivity, while fossil fuel price increases
have a positive effect. The positive impact of fossil fuel prices is somewhat surprising, as
we would expect that by imposing an additional constraint on producers, higher factor
costs should worsen performance. We provide evidence below that relates these result
to the use of old and inefficient vintages of capital equipment due to low fuel prices.

The inclusion of two endogenous regressors - electricity and fuel prices - at the same
time controls for the possibility that the variation for one source of energy could affect
also the other source, thereby violating the exclusion restrictions.12 However one might
worry that correlation between instruments might generate spurious estimates. That is
the reason why we show separately estimate the impact of electricity and fuel prices on
RTFP in columns 2, 3, 5 and 6. The baseline results are robust to such specifications,
even though the absolute magnitude of the coefficients is somewhat smaller. That higher
fuel prices trigger substitution of inefficient fuel-powered machinery for electric one is also
consistent with column 7 in Table 2, which presents IV estimates for the impact of the
relative price of fuel (with respect to electricity) - also positive and significant.13 Columns
8 to 10 reports estimated of the reduced form, in which RTFP is regressed directly on
the provincial exogenous variation in prices. The regressors are highly significant and
their sign is consistent with the 2SLS estimates.

Turning to the magnitude of the effects, column 4 - our preferred specification -
suggests that a 10% increase in electricity prices decreases RTFP by 0.5%. The result
is consistent with other papers looking at the impact of electricity prices in develop-
ing countries (e.g. Abeberese, 2017; Rentschler and Kornejew, 2017). For electricity,
OLS coefficients are much larger than IV estimates, suggesting that the endogeneity of
electricity price generates an upward bias. A potential reason is that improvements in
the quality of the plant’s management may result in lower electricity prices paid by the
plant, for example as new managers are able to negotiate better prices with the energy
suppliers, and/or may re-organize production so as to maximize the production during
the times of the day with the lowest electricity tariffs. These sources of bias are corrected
by the instrument, which instead is based on the provincial variation in energy prices
over time. On the contrary, column 4 of Table 2 shows that a 10% increase in fossil
fuel prices increase RTFP by 1.4%. Unlike for electricity, OLS tend to be lower but
more similar to the IV estimates. One possible reason is that there is little margin for
managers to negotiate on fuel prices that are already very low in Indonesia, muting the
deflating effect found for electricity prices.

12A similar strategy is pursued in Acemoglu and Angrist (2000). In our framework, one situation in
which a local shock would affect both prices is a disruption of a road used to transport fuel in a given
province. That would increase fuel price but possibly also the demand for electricity and so its price.

13To maximize comparability, we again use the exogenous provincial variations for electricity and fuel
as instruments. Results are robust to using only one instrument, the log-ratio of the two provincial
variations
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Before exploring the mechanisms behind the baseline results we perform a battery
of checks to ensure their robustness. One concern is that the instrument is estimated
rather than computed (which allows to better isolate the annual price variation due to
the geographical location of the plants. Hence in Table A4 we show that the main results
are robust to using a different instrument, i.e. the simple average of the plants’ implicit
prices across province-year pairs (excluding each plant’s own price in turn). With such
an alternative instrument, electricity prices are found to have no effect on productivity,
but fossil fuel prices continue to have a positive and significant impact, which is of very
similar magnitude of that in Table 2 column 4. A further concern is that the results may
be sensitive to the estimation strategy of RTFP. To address that concern we estimate
RTFP in two other different ways as well, i.e. by imposing to sectoral coefficients of
the production function estimates to be positive and by using a three-factor production
function (with capital, labor and materials). The results are again robust to using these
different measures of RTFP.

To make sure that our coefficients do not depend on the productivity measure em-
ployed, we experiment with alternative performance variables. Table A2 in the appendix
shows that fossil fuel prices have a positive impact on value added per worker(column
3). The coefficient is almost identical to that on RTFP in Table 2 - column 4. However,
unlike for RTFP, electricity prices do not have a significant impact on labor productivity.
Columns 4 to 6 show impact of energy prices on profitability, measured as value added
minus labor cost over value added.14 Again, electricity prices have a negative impact on
profitability, while fuel prices a positive one. The impact is small for electricity: a 10%
price increase would lower profitability by 0.003 percentage points. The positive impact
of fuel prices is somewhat stronger, as a 10% increase in fuel price increases profitability
by 0.2 percentage points. The quantitatively mild effect on profitability could be due
to the fact that the share of energy in total costs is generally small - around 5% in our
sample. Even for the most energy-intensive industries such as petroleum refining and
manufacture of mineral products (Figure A11) athe share is lower than 10%. As a result,
increases in production efficiency can more than compensate the higher costs induced
by higher energy prices.

4.1 Additional Robustness Check

Energy price coefficients are unaffected when (i) using a fuel price index which includes
all the available fossil fuel sources (and not just those which are consistently classi-
fied throughout the survey period, and (ii) using time-varying shares of plants’ energy
consumption for the construction of the endogenous regressors.

Once concern is that the province-level variation of the instrument could generate
correlated errors across plants within each province. But due to the relatively low number
of provinces, it is not clear whether we should clustering errors for the main results. We
address the issue in Table A5, where we cluster standard errors by province. Table A5

14In order to allow negative profit margins, we express the ratio in its original using rather than taking
logs.
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shows that the results are robust to different way of clustering as it only slightly inflate
the errors.

A further potential concern with our results is that they are measured on a relatively
long time-frame, during which Indonesia was subject to large economic and political
shocks, chiefly the 1997-98 Asian financial crisis, the fall of Suharto regime in 1998 and
the transition to democracy with the first elections held in 2004. All of these factors
are likely to have had a sizeable effect on the manufacturing sector (Aswicahyono et
al., 2010), which may have varied between types of plants (Narjoko and Hill, 2007). In
addition recent evidence suggests that Indonesian districts may have followed different
trajectories in the aftermath of the regime change as mayors appointed by Suharto were
left in place until the end of their mandate, i.e. as early as 1999 or as late as 2003
depending on the year of appointment (Martinez-Bravo et al., 2017). To alleviate this
concern we run the specification of columns 1 to 3 of Table 2, but from 2004 to 2015.
Again the main results are robust to this restricted time period.

4.2 Fuel Prices and Technology Upgrading

We next assess whether the Porter hypothesis can explain the positive effect of energy
prices on performance. InTable 4 we check whether plants adopt new machineries as a
result of changing energy prices. We exploit the survey information on plants’ capital
purchases and sales by category of asset to test whether increases in fuel prices raise
machine turnover. The positive effects on both purchases and sales reported in columns
1 and 2 of Table 4 are consistent with the hypothesis that by increasing the cost of
operating fuel-powered equipment, rising fuel prices provide incentives for technology
upgrading. While we do not observe wether the machinery and equipment purchased
is electric or powered by fuel, we provide suggestive evidence consistent with this hy-
pothesis. In particular, increases in fuel prices cause higher electricity consumption and
lower fuel consumption per unit of capital (columns 3 - 4), despite the overall reduction
of energy intensity of capital (column 5). Consistent with the technological upgrading
hypothesis, such effects are also associated to higher energy efficiency of output and
productivity of capital (columns 6 and 7).

Since new technology is typically embodied in electrical machinery, the machine
replacement effect of rising fuel prices could speed up technology upgrading. Higher
fuel prices could positively impact factors that are subject to firms’ long-term decisions,
such as investments in new equipment, reorganization of production, or changes in the
intensity of factors’ use.

One concern is that energy prices and investment at the plant level might be driven by
omitted unobserved factors which are unrelated to the channel we are testing. Therefore,
as a placebo test we run the specification as in 4 but this time for purchase and sales
of land and vehicles, as these investments should not be affected as much by changes in
energy prices. Table A7 shows that indeed that is the case. Energy prices have no effect
on land and vehicles turnover, except for a mild effect on land’ sales, which might be
the result of a more general negative income effect from higher energy prices.

The descriptive regressions comparing plants of similar size and age within each
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province, year and 2-digit sectors are consistent with our hypothesis (Table 3). The
share of electricity over total energy consumption is positively correlated to RTFP and
labor productivity, but their its impact on profitability is not significant. The last
column of Table 3 shows that plants consuming more electricity vis-a-vis fossil fuels are
also more energy-efficient. This evidence is consistent with the idea that new technology
is embodied in the latest capital vintage, which is electricity-powered. By providing
incentives to scrap old vintages and purchase more recent ones, higher fuel prices have
a positive impact on productivity. Indirect support for our hypothesis is also provided
by figures A7 and A8, plotting the correlation of deflated fossil fuel prices, domestic
production and import of electric machinery - as Indonesia is likely to import the latest
vintage rather than producing it itself. Such an hypothesis is also in line with the
discussion in Doms and Dunne (1995), and the literature on the “Schurr Hypothesis”
(Schurr, 1984) arguing that electricity is more flexible than other fuels and induces
product and process innovation. Theoretical support is provided by Xepapadeas and de
Zeeuw (1999), which show that an increase in energy prices can lead to a modernization
of the capital vintage and higher productivity.

4.2.1 Technological Choice of Entrants

The previous section provides evidence that high fuel prices increase machinery turnover.
However, there is an additional channel through which fuel prices can trigger electrifi-
cation, by affecting the choice of technology of new entrant plants. In periods of rela-
tively high fuel prices the initial technology should tend to be more energy-efficient and
electricity-powered. We test and discuss the channel in this section.

Our identification, which is based on the first available energy consumption share for
each plant, forces us to study entrants and incumbent separately. In Table 5 we compare
entrant plants in periods of high energy prices against entrants in periods of low ones.
Entrants are defined as plants of age 1 in each year. Since our original instrument is based
on the consumption shares in the first year of observation, for entrants these are clearly
endogenous to changes in energy prices. Therefore, we take the simple average across
all electricity and fossil sources for the exogenous provincial components computed from
(3) and we estimate a reduced form in which the exogenous variable is included directly
as a function of the performance variable. Since we want to compare entrants, we do not
include plant fixed effect, which is equivalent to a repeated cross-section of plants across
consecutive years. We still control for sector-year and province fixed effects to be sure
of comparing entrants subject to similar technologies and economic conditions. Table
5 shows that just as for incumbents, plants entering in periods of high fuel prices have
higher RTFP and labor productivity, and are also more energy-efficient. Therefore, not
only fuel prices induce technological upgrading, but it also affects the initial choice of
technology by entrants - even controlling for province and sector-specific conditions.
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4.3 Further Results

4.3.1 Factor Intensities

Table 6 shows impact on output, capital, labor and bill-ratio. The negative impact
on the aggregate capital stock (column 2) is consistent with the theoretical results in
Xepapadeas and de Zeeuw (1999), which show that stricter environmental policy - in our
case mimicked by higher energy prices - triggers scrapping of older vintages of capital,
which in turn lead to “downsizing”. In their paper, as in our empirical results, downsizing
is paired with a modernization of the capital stock, which can lead to higher productivity.
The second column of Table 6 shows that on average, higher energy prices lead to lower
employment. We interpret the result as suggesting that newer vintages of capital are
less labor intensive, an intuition supported in column 4, which shows that higher energy
prices are associated to higher bill ratios. In our framework that used a Cobb-Douglas
production function, the bill ratio can be written as

rK

wL
=
βk

βl

where the βs represent the relative factor intensities.15 An increase of the ratio can thus
be interpreted as a shift towards more capital-intensive production technology.

4.3.2 Foreign Direct Investment and Size

Table 7 shows that consistently with the technological upgrading hypothesis, fuel prices
boost productivity less in plants with a higher percentage of foreign capital, as they
are more likely to be close to the technological frontier. Similarly, fuel prices have less
impact in large plants with an average around 250 employees, which are generally more
productive and more likely to operate the latest capital vintage.

4.3.3 Sector-level Analysis

Table 8 shows that fuel prices have less of an impact in energy intensive sectors, measured
according to 2-digits sector average of the share in energy in total costs. One interpre-
tation for the finding is that in energy-intensive sectors plants have higher incentives to
have energy-efficient equipment, muting the price effect on technological upgrading.

Being exposed to international competition, exporters should be more technologically
updated. Tradability is proxied by 2-digits sector average percentage of production
exported. The sign of the coefficient in column 2 of Table 8, although not significant,
supports the hypothesis.

15Data on the cost of capital is not available. Therefore, the bill ratio is computed as value added
divided by the labor share, minus one.
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5 Conclusions

This paper sheds light on a mechanism that considerably relaxes the tradeoff between
environmental goals and economic performance. When the price of fuel is heavily subsi-
dized, managers have an incentive to hold inefficient machinery equipment. Productivity
gains accrue because new technology is embodied in electric machinery. One possible
reason why firms do not invest in new machinery is that the positive impact is on pro-
ductivity, but not necessarily on profits.

The technological upgrading channel going from energy prices to productivity is not
the only possible one at play. Ongoing experimentation aims at exploring possibility. In
particular, higher energy prices might induce producers to increase their markups and
transfer higher costs onto customers. That could affect RTFP, in particular. However,
preliminary results shows that while higher electricity prices increase plants’ product
prices, fossil fuel prices are negatively correlated with products’ prices. Therefore, the
markup cannot be responsible for higher RTFP following fuel price increases.
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Table 1: Impact of energy price index (weighted sum of electricity and fuels) on plants’
revenue total factor productivity (RTFP)

(1) (2) (3)
VARIABLES OLS Reduced IV

Energy price index 0.152*** -0.023
(0.005) (0.027)

Provincial variation (index) -0.016
(0.018)

Observations 270,830 270,832 270,830
Number of PSID 33,137 33,137 33,137
Plant FE yes yes yes
Sector-year FE yes yes yes
Region trends yes yes yes

Table 2: Baseline Results. Impact of energy prices on plants’ revenue total factor pro-
ductivity (RTFP)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
VARIABLES OLS OLS OLS IV IV IV IV Reduced Reduced Reduced

Electricity price 0.127*** 0.139*** -0.054*** -0.038**
(0.004) (0.004) (0.019) (0.018)

Fuel price 0.114*** 0.137*** 0.139*** 0.099***
(0.006) (0.006) (0.032) (0.030)

Fuel/electricity price 0.066***
(0.018)

Provincial variation (electricity) -0.039*** -0.027**
(0.013) (0.013)

Provincial variation (fossil) 0.104*** 0.082***
(0.026) (0.025)

Observations 257,980 266,508 265,161 257,980 263,639 265,161 257,980 258,735 264,406 265,161
Number of PSID 30,706 34,690 32,021 30,706 31,821 32,021 30,706 30,738 31,854 32,021
Plant FE yes yes yes yes yes yes yes yes yes yes
Sector-year FE yes yes yes yes yes yes yes yes yes yes
Region trends yes yes yes yes yes yes yes yes yes yes
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Table 3: Comparison of plants according to the share of electricity consumption over
total energy use

(1) (2) (3) (4)
VARIABLES RTFP VA/L Profit qEnergy/Y

Electricity consumption share (KhW) 0.014*** 0.003** -0.001 -0.324***
(0.001) (0.001) (0.001) (0.002)

Observations 253,873 253,873 253,873 253,873
R-squared 0.854 0.536 0.169 0.283
Plant FE no no no no
Sector-year FE yes yes yes yes
Region trends yes yes yes yes
Province FE yes yes yes yes
Age and size yes yes yes yes

Table 4: Purchase and sale of machinery and equipment
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Purchase Sale qElec/K qFossil/K qEnergy/K qEnergy/Y Y/K

Electricity price -0.368*** -0.002 -1.058*** -0.111*** -0.429*** -0.363*** -0.047*
(0.067) (0.032) (0.036) (0.039) (0.034) (0.027) (0.025)

Fuel price 0.203* 0.219*** 0.203*** -0.407*** -0.234*** -0.591*** 0.282***
(0.114) (0.054) (0.070) (0.080) (0.067) (0.052) (0.045)

Observations 303,192 306,186 222,411 233,735 255,552 317,637 257,973
Number of PSID 32,023 32,057 29,287 29,331 30,644 32,308 30,703
Plant FE yes yes yes yes yes yes yes
Sector-year FE yes yes yes yes yes yes yes
Region trends and FE yes yes yes yes yes yes yes

19



Table 5: Comparison of entrants in periods of high and low energy prices

(1) (2) (3) (4)
VARIABLES RTFP VA/L Profit qEnergy/Y

Fuel price 0.527** 0.641** 0.173 -1.067***
(0.212) (0.278) (0.135) (0.365)

Observations 9,222 9,222 9,222 11,386
R-squared 0.851 0.277 0.133 0.227
Plant FE no no no no
Sector-year FE yes yes yes yes
Region trends yes yes yes yes
Province FE yes yes yes yes

Table 6: Impact of energy prices on output, capital and labor, and bill-ratio

(1) (2) (3) (4)
VARIABLES Y K L rK/wL

Fuel price 0.064* -0.202*** -0.109*** 0.230***
(0.035) (0.027) (0.018) (0.058)

Observations 329,692 265,154 329,692 318,774
Number of PSID 33,775 32,018 33,775 33,595
Plant FE yes yes yes yes
Sector-year FE yes yes yes yes
Region trends yes yes yes yes
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Table 7: Impact of energy prices on plants with foreign capital, and large plants. Only
relevant interactions are showed.

(1) (2) (3) (4)
VARIABLES RTFP RTFP Y/L Y/L

Fuel price 0.253*** 0.317*** 0.549*** 0.621***
(0.031) (0.033) (0.039) (0.037)

Fuel price x FDI -0.001* -0.004***
(0.000) (0.000)

Fuel price x large -0.228*** -0.237***
(0.052) (0.058)

Observations 268,146 268,146 268,146 268,146
Plant FE no no no no
Province FE yes yes yes yes
Sector-year FE yes yes yes yes
Region trends yes yes yes yes
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Table 8: Impact on energy-intensive sectors and tradable sectors. Only relevant inter-
actions are showed.

(1) (2)
VARIABLES RTFP RTFP

Energy price (index) 0.897*** 0.232***
(0.326) (0.040)

Energy price x tradability -0.001
(0.002)

Energy price x energy cost share -10.942**
(5.110)

Observations 268,146 268,146
Plant FE no no
Province FE yes yes
Sector-year FE yes yes
Region trends yes yes
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Table A1: Estimates of KLEM Cobb-Douglas production function

Table A2: Alternative performance indicators: value added per worker and profits.

VA/L VA/L VA/L Profit Profit Profit

(1) (2) (3) (4) (5) (6)
VARIABLES OLS Reduced IV OLS Reduced IV

Electricity price 0.320*** 0.016 0.065*** -0.031***
(0.005) (0.022) (0.003) (0.012)

Fuel price 0.180*** 0.139*** 0.056*** 0.197***
(0.007) (0.039) (0.004) (0.025)

Provincial variation (electricity) 0.005 -0.026***
(0.015) (0.008)

Provincial variation (fossil) 0.115*** 0.163***
(0.032) (0.021)

Observations 257,980 258,735 257,980 257,980 258,735 257,980
Number of PSID 30,706 30,738 30,706 30,706 30,738 30,706
Plant FE yes yes yes yes yes yes
Sector-year FE yes yes yes yes yes yes
Region trends yes yes yes yes yes yes
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Table A3: First stage of baseline results.
(1) (2) (3) (4) (5)

Average unit prices: Electricity Fossil Electricity Fossil Relative

Provincial variation (elec) 0.724*** 0.712*** -0.011* -0.724***
(0.011) (0.012) (0.006) (0.013)

Provincial variation (fuel) 0.833*** 0.079*** 0.835*** 0.755***
(0.019) (0.016) (0.020) (0.023)

Observations 266,508 268,146 260,561 261,304 260,561
R-squared 0.831 0.895 0.832 0.896 0.323
Number of PSID 34,690 35,006 33,287 33,307 33,287
Plant FE yes yes yes yes yes
Sector-year FE yes yes yes yes yes
Region trends yes yes yes yes yes
F-test 2147 1314 2137 1295 199.5

Table A4: Alternative instrument (simple average of provincial variation of implicit
prices). Impact of energy prices on plants’ revenue total factor productivity (RTFP)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
VARIABLES OLS Reduced IV OLS Reduced IV OLS Reduced IV IV

Electricity price 0.127*** -0.011 0.139*** 0.014
(0.004) (0.019) (0.004) (0.018)

Provincial variation (electricity) -0.009 0.013
(0.018) (0.017)

Fuel price 0.114*** 0.171*** 0.137*** 0.153***
(0.006) (0.033) (0.006) (0.031)

Provincial variation (fossil) 0.152*** 0.150***
(0.032) (0.030)

Fuel/electricity price 0.028
(0.019)

Observations 257,980 258,715 257,980 266,508 264,386 263,639 265,161 265,161 265,161 257,980
Number of PSID 30,706 30,737 30,706 34,690 31,853 31,821 32,021 32,021 32,021 30,706
Plant FE yes yes yes yes yes yes yes yes yes yes
Sector-year FE yes yes yes yes yes yes yes yes yes yes
Region trends and FE yes yes yes yes yes yes yes yes yes yes
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Table A5: Clustered errors (province-level).

RTFP RTFP RTFP

(1) (2) (3)
VARIABLES OLS Reduced IV

Electricity price 0.127*** -0.054**
(0.012) (0.023)

Fuel price 0.114*** 0.139**
(0.016) (0.058)

Provincial variation (electricity) -0.039**
(0.017)

Provincial variation (fossil) 0.104**
(0.050)

Observations 257,980 258,735 257,980
Number of PSID 30,706 30,738 30,706
Plant FE yes yes yes
Sector-year FE yes yes yes
Region trends and FE yes yes yes
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Table A6: Restricted sample: 2004-2015.

RTFP RTFP RTFP

(1) (2) (3)
VARIABLES OLS Reduced IV

Electricity price 0.168*** -0.061**
(0.005) (0.028)

Fuel price 0.197*** 0.165***
(0.008) (0.039)

Provincial variation (electricity) -0.047**
(0.020)

Provincial variation (fossil) 0.126***
(0.030)

Observations 133,617 134,156 133,617
Number of PSID 21,221 21,249 21,221
Plant FE yes yes yes
Sector-year FE yes yes yes
Region trends and FE yes yes yes
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Table A7: Purchase and sale of land and vehicles

Land Land Vehicles Vehicles

(1) (2) (3) (4)
VARIABLES Purchase Sale Purchase Sale

Electricity price -0.055 0.033* -0.099 -0.310
(0.045) (0.020) (0.116) (0.240)

Fuel price 0.129 -0.014 -0.273 -0.336
(0.079) (0.029) (0.196) (0.361)

Observations 303,168 306,187 36,234 8,982
Number of PSID 32,023 32,057 8,980 2,611
Plant FE yes yes yes yes
Sector-year FE yes yes yes yes
Region trends yes yes yes yes
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A Construction of the Capital Series

In order to avoid relying on depreciation rates, we tried to preserve the self-reported
original values by the plant as much as possible and applied the PIM only to fill gaps.
In this paper self-reported capital series were object of an extensive cleaning algorithm
aimed at mitigating measurement errors.16 Our algorithm consists first in replacing
zero or negative values as missing observations and then applying a two-steps procedure
based on capital-labor ratios (KL).For each year, we compute the average KL in each 4
digit KBLI sector over the whole sample, but excluding the years in which the average
and total values of the capital stock exhibited suspicious jumps, i.e. 1996, 2000, 2003,
2006, 2009 and 2014. An observation is dropped is the ratio of plant-KL to the sector
average KL is below 0.02 or larger than 50.17 Then, in a second step we compare a plant
KL in a given year with the average value of the KL within the same plant but in the
other years of observation. An observation is dropped if the ratio of plant-year-KL to
the plant average KL is below 0.2 or larger than 5. Plants are dropped from the sample
in case the cleaning procedure results in all missing values of self-reported capital.

When a plant has some but not all valid observations for self-reported capital stock,
then missing values are replaced by applying a forward/backward perpetual inventory
method (PIM). Being only a fraction of the total observations , we rely less on estimates
of depreciation rates.18 Previous studies focus on the first year of observation of a
plant, without assessing the plausibility of the data point. Since PIM series are very
sensitive to the choice of the initial observation, especially with relatively short time
series, the resulting capital stock could be severely mis-measured. Moreover, information
on purchases and sales of capital equipment, which is subject to the same measurement
errors of the reported capital. For such a reason, after filling missing values with the PIM
we re-apply the two stages check described above in order to minimise the possibility of
mis-measurement. As a final test, we compute plant-level growth rates of KL and we
check that it is reasonably distributed (Figure A12). Figure A13 compares original and
clean capital stock series.

16One important problem with the reported series is that in some years, there are plants were charac-
terised by implausible large values of capital. Studying the behaviour of the stock within plants reveals
that in some circumstances plants reported values in different units. The phenomenon is somewhat more
frequent in 1996 and 2006, when the BPS conducted a wider economic census that collected information
in units rather than in thousand Rupiah. For instance, in 2006 the number of surveyed firms increased
by 40%. The increase in coverage required hiring unexperienced enumerators that were more likely to
make mistakes, which contributed to increase measurement errors.

17We experiment with stricter thresholds which result in too many observations dropped.
18We follow Arnold and Javorcik (2009) and assume that the annual depreciation rate for buildings is

3.3 percent, for machinery 10 percent, and for vehicles and other fixed assets 20 percent. For land, we
assumed no depreciation.
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Figure A1: International comparison of energy prices. Source: Beylis and Cunha (2017)

31



Figure A2: Fossil fuel consumption share in total energy consumption
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Figure A3: Estimated Revenue Total Factor Productivity
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Figure A4: Energy cost share in total energy costs, by source of energy (output
weighted).
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Figure A5: Comparison implicit electricity prices and nationally mandated electricity
price.
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Figure A6: Density growth rate electricity prices across firms.
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Figure A7: Fossil fuel prices and domestic production of electric machinery. Electric
machinery-producing sector: 31(ISIC rev3)
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Figure A8: Fossil fuel prices and electric machinery. Electric machinery-producing sec-
tor: 31(ISIC rev3); Import of electric machinery: 85 (HS 2007)
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Figure A9: Estimated year*province dummies. Percentage deviation of province prices
from national average.
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Figure A10: Estimated year*province dummies. Percentage deviation of province prices
from national average.
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Figure A11: Energy share of total costs.
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Figure A12: Plants’ growth rate distribution of capital-labor ratio.

42



Figure A13: Comparison of Aggregate Nominal Capital Stock Series.

43


