Energy consumption and exports:

An analysis of high-tech firmsin China

Abstract

Relying on a novel data set from a survey of higghtmanufacturing firms located in Hebei
Province of China, this paper analyzes the effeehergy-intensive production on exports. It
finds that firms’ export propensity and intensitg @ositively related to the energy intensity
of production, after controlling for several firmpexcific characteristics. This result suggests
that despite hosting several CDM (Clean DevelopriMetthanism) projects aimed at
reducing carbon emissions, and despite its leafgeirsithe production and in the use of wind
and solar photovoltaic technologies, China’s expgractivities tend to involve less
sustainable production activities compared to pctida activities aimed at the local market.



1. INTRODUCTION

The last quarter century has witnessed the emeegenChina as a leading exporter of manufacturing
products, reflecting the country’s growing economméegration with the world economy (WDI,
2014). In 2012, the largest manufacturing economtyhe world was responsible for 18 percent of
manufactured exports (ahead of the US but jushtfjidpehind the EU). The availability of a vast poo
of workers—not only low skilled workers but evenddiie-range technicians—at relatively low wages
has made China a very attractive place for largsteve companies to outsource production and

assembly of even top-end products such as therigpfidahm & Steinfeld, 2014; Zhou, 2008).

At the same time energy consumption in China haeased exponentially, and since the late 1990s,
China is a net importer of energy (WDI, 2014). THapid economic growth has brought along a
proportionate growth in carbon emissions: carborssions per capita in China almost tripled, from
2.2 metric tons in 1990 to 6.2 in 2010 (WDI, 2014)the realm of green energy production, however,
China since the mid 2000s is the country with drgést renewable power capacity (with or without
including hydro power) (REN21, 2010, 2014); Chindisens have led the global market for wind
turbines and solar photovoltaic technologies (ANgHm & Steinfeld, 2014) ; and China is the largest
host of the Kyoto mechanisms projects aimed ataieducarbon emissions (Bodas Freitas, Dantas &
lizuka, 2011). Despite these achievements, elé@gticoduction relies heavily on coal and oil (WD,

2014); hence energy consumption in China represegtsat deal of carbon emissions.

China’s exports contribute to almost one quarteit®ftotal emissions (Wang & Watson, 2008).
Noting that more than 50% of exports are perfortmgéoreign affiliates in China, some authors view
this as reflecting the relocation of many carbaesiisive manufacturing activities from industriatize
countries to China due to cost and environmentasicerations (Pan, Phillips and Chen, 2008; Wang
& Watson, 2008). Nevertheless, the available litemprovides only an aggregated, macro view, and
therefore there is still only a limited understamgdiof the association between energy intensity and
exports. Specifically, a pertinent question that ba far been not explored is, are firms with highe

energy intensity more likely to undertake exportd o export more of their final output compared to



firms with lower energy intensity? Answers to thesestions are crucial for informed policy making

in the realms of global development and environment

In this paper, we examine the association betweerehces in energy consumption patterns and
different degrees of export exposure of a sampk7afhigh-tech firms located in the Hebei province
of China. The objective of the paper is to uncavbether differences in the energy intensity of §frm
production result in differences in their exporvpensity and intensity. We hypothesize that expgrti
firms are more likely to rely on energy intensivioguction technologies than firms that produce
primarily for the domestic market, and that the rédegof energy consumption is also larger among
larger exporters. We use the Heckman full maximikelihood procedure to examine the relationship
between energy consumption and firms’ propensitgno intensity of export. Controlling for industry
effects, and a host of firm level factors such apital intensity, technological competences,
experience, size, and ownership, results demoasthatt energy-intensive firms are not only more
likely to export but also to export a greater shartheir production. This result raises questiaheut

the ability of developing countries to escape #tality of the Kuznets curve, which points to growi
environmental deterioration with increases in ecoicogrowth at early stages of development. In
particular, this challenges the potential effica¢yhational policies in developing countries ainted
address and remedy pollution problems in the peesehstrong external incentives for specialization
in energy-intensive activities for exporting. Mdreoadly, our findings bring to the fore the issde o
lack of coordination on climate- and sustainabitityated policies between developed and developing
countries, such that the latter may specialize nodpction activities for global markets that are

ineligible to be carried out in the former.

The paper is organized as follows. Section 2 reyithe literature on exports and energy consumption.
Section 3 discusses the model, the methodology tlendlata. Results are reported in Section 4 and

Section 5 concludes.



2. EXPORTS AND ENERGY CONSUMPTION

A vast body of literature has documented the rblexports in fueling the process of industrialinati
and economic growth in developing countries (Amsti@89; Westphal, et al 1984). Studies have also
shown that the process by which exports contribute development of domestic industry or to the
diffusion of more advanced technologies is not asyestraightforward one (Lall & Albadejo, 2004,
Mowery & Oxley 1997; Jacob & Szirmai 2007). In thisspect, the literature highlights the
importance of a variety of factors that are neeegdrofit from exporting such as national policies
targeting the development of relevant institutiansl resources (Bell & Pavitt, 1993; Bodas Freitas &
lizuka, 2012), the embeddedness of the export-mieactivities in local manufacturing (Poncet &
Waldemar 2013), and the synergy between the upgyaoh exporting activities and the growth of
domestic market in similar or related products (Zh2008). Although rich, this literature has noidpa
much attention to the energy content of exportiativdies, and, in particular, to whether exporting
activities are more or less energy consuming thalyction activities that are aimed at the local
market. Answering this question is crucial for urstignding the environmental effects of growing
exporting activity, but it may also shed light dmeteconomic effects of setting more stringent

environmental standards.

China over the last 25 years has made consideiastment in energy production, in particular in
‘clean’ energy sources such as hydroelectric patagrons in the late 1990s, in wind farms in the mi
2000s, and more recently in solar PV farms. Howeragid industrialization has meant that already
by 1998 the demand for energy outstripped domasipply and by 2010 energy import represented
10% of total energy used (WDI, 2014). Despite beimg country with highest installed capacity to
produce renewable energy, renewables and hydrdeleources respectively accounted for only 0.4%
and 14.8% of total electricity production in China2007, and 2.2% and 14.8% in 2011 (WDI, 2015).
Hence, electricity from oil, gas and coal sourcestioue to represent circa 80% of total electricity
production in the country (WDI, 2014). Thus, enempnsumption in China arguably represents a

great deal of carbon emissions.



China’s focus on export-led growth has meant thatirenmental regulations governing export-
oriented activities are relatively weak. While tB¢ate Environmental Protection Administration
(SEPA) has proposed environmental protection planeywn as “China’s 11th Five-Year Plan for
Environmental Protection”, such plans are rarelfoeed (SEPA, 2006; Liu & Diamond, 2008). As
stated by Liu and Diamond (2005, p.1181) “... althoufgere has been much effort to control
environmental degradation, economic developmesndftkes priority at the local level and is st t
main criterion for judging government officials’ fi@mance.” While admitting the increase of carbon
dioxide (CO2) emissions in China, National Develeptrand Reform Commission (2007) argues that
the per capita CO2 emissions in China is still [6equivalent to only 87% of the world average and
33% of the level in Organization for Economic Camgtion and Development (OECD) countries”
(National Development and Reform Commission, 2q28). Thus, even though China’s national-
level policies have been emphasizing the needréorsitioning towards energy efficient practices,
local policymakers tend to view energy-intensivepax activities as welfare enhancing, without
paying sufficient attention to their negative imggaon the living conditions of the population
(Economy, 2007). However, China is not an excepgimong developing countries who often tend to
promote economic growth at the expense of spreamiayeness of environmental issues among the

population in general and the business organizaiioparticular (Stern, 2004).

There may indeed be counter-balancing factorsrfiiigate the above-discussed bias towards energy-
intensive processes in export-oriented activitidscording to the management and innovation
literature, the market environment exerts a kejuarfce on firms’ behavior and strategies (Smith,
2014; MacGarvie, 2006). In this regard, compareth&r peers that primarily produce for the local
market, firms with a focus on exporting not onlyspess different competencies to produce, innovate
and market, but also face greater competition amtemdemanding customers (Cooper &
Kleinschmidt, 1985; Roper & Love, 2002). In partay final consumers of middle and top-end
products in high-income countries are likely to im®re environmentally aware than domestic
consumers and therefore may prefer products withléwels of environmental impact. Furthermore,

the increasing presence of more sophisticated ptedn a developing country’s export basket could



lead to a fall in the energy intensity of its exgorNewer technologies to produce relatively
sophisticated products for high-income markets rbaytransferred from clients in industrialized
countries where energy efficiency standards areerasingent. In addition, as domestic firms begin t
export final products they may need to meet intiwnal environment standards, which potentially
raises the energy efficiency of their manufacturamivities (Christmann and Taylor, 2001). This
would create financial incentives for domestic rrfo signal to consumers, investors and other
partners their commitment to environmental protect(Zeng and Eastin, 2012). Exporting firms
would thus be more concerned with environmentaleiss and would use less polluting and more

energy efficient practices and technologies.

However, the above scenario is unlikely to havergea:in China. Firstly, the industry structure and
the export activities in developing countries areite) different from those in high-income
industrialized countries. Entry into the global kets by firms from developing countries tend to
occur in resource intensive activities and procgsactivities due to the relatively cheap and alnnd
availability of natural resources and labour (Saghg/arner, 1999). In these countries, even firms
which operate in otherwise high-technology indestiend to be engaged in technologically mundane
and highly standardized activities (Ernst & Kim,02Q Leamer, 2007). Exporting firms are primarily
engaged in the production of intermediate prodémtsvhich cost competitiveness is of paramount
importance. It is therefore likely that they adppmduction processes that are low cost, but asainge
time are also highly energy intensive, pollutingl aarbon emitting. Consumers of final products in
developed countries, even when they are enviroratigntonscious, can rarely trace back the
processes underlying the production of intermediafrits. All these suggest that the process of
international standards adoption in developing tdes is a long, slow process of infrastructure,
institutional and capability building, requiring¢gted governmental policies, and firms’ own specif
learning efforts (Aden, Hong &, Rock, 1999; Bodameifas & lizuka, 2012). Moreover, even
compliance with international environmental manageinstandards, such as 1SO14001, does not
guarantee or oblige the use of the most cleaneonbst energy efficient technologies; instead iy on

requires compliance with national regulations (BRi2007).



Second, while China exhibit increasing competentegroduce and export more sophisticated
products, increasingly stringent economic and emwvirental standards need to be adhered to in
production processes in high-income countries. Tlis created what may be described as perverse
incentives for the transfer of technologies asdediavith polluting industrial activities togethertiv

the relocation of these activities to developingrides where environmental regulation is ofters les
stringent (Kuchler, 2010; Pan et al., 2008; WandVatson, 2008). The existence of high-polluting
exporting activities in China was well illustratedhen the Guangdong region experienced the closure
of many exporting firms after the region implemehteugher environmental regulations (along with

more stringent working conditions) (Sharif & Hua2§12).

In this regard, it is pertinent to note that expmytand domestic activities have distinctive stuoes of
organization in China. Traditionally foreign aféites, using imported technologies, performed mbst o
China’s exporting activities (Poncet and Walden2ax1 3, Huchet, 1997, Lemoine and Unal-Kesenci,
2004). These activities seldom led to the diffusairntechnologies to local firms, prompting some
authors to argue that technological developmentexpabrts upgrade observed during the 1990s and
2000s, especially in the mid-range activities, tesumainly from the ability of domestic firms in
enhancing existing technologies and commercializiag products (Thun and Brandt, 2010; Zhou,
2008). Furthermore, foreign firms that otherwisévaty address environmental and energy concerns
in their home countries are hesitant to do so im&kue to laxer standards there, slowing down the
diffusion of energy-saving technologies in Chineorffet and Waldemar, 2013, Huchet, 1997,
Lemoine and Unal-Kesenci, 2004). On the contraiffer@nces in standards have meant that foreign
firms carry out their highly energy consuming amdlyting activities in China, away from their home
country® This suggests that exporting activities of eveneifyn firms, which are responsible for more
than 50% of total exports in China, may be morerggnéntensive (even in middle and top-end
industrial activities) and more polluting than theianufacturing activities that are aimed at thmalo

market.

! Although most foreign firms may comply with locahvironmental management standards, they do not
guarantee or oblige the use of most clean or mestyy efficient technologies.



Against the background outlined above, we aim fga® the question: to what extent are production

activities aimed at exporting more energy intenshan those geared for the local market?

3. EMPIRICAL MODEL

(a) Econometric specification and estimation sgate

We adopt an econometric framework that links expdot a range of firm specific factors. Prior
literature has well documented that not all firmpa@t because exporting involves sunk cost so only
firms with higher productivity would venture intxmorting (for a review, see Greenaway & Kneller,
2007). Not correcting for this selection problem casult in biased estimates. We therefore folllogv t
Heckman (1979) full maximum likelihood selectiorrramtion procedure in which we first estimate a
selection model explaining the probability to expgexport propensity) on a sample of all firms i o
data set, followed by estimating a model explaingxgort intensity on a subsample of firms that
export. One requirement of the Heckman proceduteaisthe selection model should include at least
one variable that is not included in the secondestdhe selection equation therefore consists ef th
full set of explanatory variables, including adalital variables not in the export intensity equatammd

is defined as follows:

Exports ; =

a + Biproductivity; + S,age; + Bsasset intensity;

+f,energy intensity; + BsR&D intensity; + ffohuman capital;

+[,size; + Pgstate; + Bof oreign; + 9;

in which exports represents export propensity and takes a valwe &xjporting firms and O for non-
exporting firms.Productivity; measures the labor productivity of fiimmmeasured as the logarithm of

the ratio of the total sales revenue to the tatahimer of employees. This variable is particuladyea



in the literature as a key factor explaining threnfs decision to export-higher productivity affords
firm a greater ability to gear itself to sell pratisiin foreign markets (e.g. Clerides et al. 1998} is
measured as the difference between the currentarehithe firm’'s year of inception. It is used to
capture the effect of a firm’'s experience whiclespecially salient when competitive conditions are
high (Klepper 2002) as is the case in foreign matkeapital intensity; is defined as the logarithm of
the ratio of the firm’s total fixed assets to totaimber of employees—the capital labor ratio. For a
firm from an emerging economy, the relative prioe&abor and capital favor the choice of more labor
intensive production techniques. Such productia@hrigues may be of particular importance in the
context of exporting activities, given that costmpetitiveness is the cornerstone of comparative

advantage of emerging economy firms.

These three variables (productivity, age, and ahpitensity) appear only in the selection equation
that explains a firm’'s decision to export, and notthe second stage equation that explains the
differences in the export intensity among firmseTemaining variables in the equation are expected

to affect both export propensity and export intgnand therefore appear in both equations.

Energy intensity; is our main explanatory variable and is definedhaslogarithm of the ratio of total
energy use to total output. As we argued beforergnintensity is expected to have a positive inhpac
on export performance, as well as on the decisioexiport. The remaining variables are control
variables whose sign and significance are not gfikterest to our study, but who may nevertheless
have an impact on firms’ exporR& D intensity; is defined as the logarithm of the ratio of tdR&lD
expenses to total sales revenue. While a widelg useasure of a firm’s technological efforts, R&D
may not fully capture innovation activities of fisnin emerging economies where learning by doing
are known to be a key source of innovation. SHillen that our focus is on high tech firms R&D may
represent a good proxy for the innovative effofftdirons. Human capital; is a dummy variable that
takes the value 1 if firm has employees with a getel degree or above, and 0 otherwise. This
variable proxies the quality of the labor force-ey kngredient for absorbing knowledge which is
characterized by a high level of tacitness (Polar8%8). Sze is defined as the logarithm of the

number of employees of the firm. A larger sizeaia firm to reap the economies of scale, whiah is



key advantage for firms from emerging economies ¢hgage primarily in price competition. The last
two variables represent the ownership categoriggrot: Sate is a dummy variable which takes a
value 1 for firms which are either state ownedailective owned and 0 for all others, diadeign; is a
dummy variable which takes a value 1 for firms vihiare foreign owned (by firms outside of
mainland ChinaHongKong-Taiwan-Macao firms and by other foreign-owned firms).and O for all
others. The reference category for both these blagds domestically-owned private firms. We expect
that, in comparison with locally owned private fgyrstate/collective-owned firms are focused more
on the domestic market while foreign firms mightfbeused more on foreign markets. Finallys a

composite error termvE0;+g] consisting of industry dummidsand the disturbance termn

An important aspect to note is that the Heckman ehadsumes that the dependent variable in the
second stage follows normal distribution. Howewextport intensity variable is a fraction that lies

between 0 and 1. We therefore made a following loghsformation of the export intensity variable:

l ( export intensity )
0
g 1 — export intensity

(b) Data

Our analysis focuses on high-tech firms locateth@nHebei province of China. Hebei is an important
region bordering five provinces and embracing twanicipalities, Beijing (the capital of China) and
Tianjin (the famous trading port in north China)hel tight connection between Hebei and the
important Tianjin trading port favours the develahof export in Hebei. We use an original dataset
entitled “Statistical report for enterprises in atl high-tech industrial development zone (in &leb
Province)”. This survey was conducted by the Migistf Science and Technology of China (MSTC)
and it is compulsory for all industrial enterprisgsich have been identified as high-tech enterprise
by MSTC to answer the questions. Thus this surveyiges a complete set of information of all the
high- and new- technology enterprises (HNTES) idigrovince. According to the latest regulation
effective from 2008, to qualify a HNTE, an entesprimust meet the required personnel structure and
high spending on R&D, have registered in mainlah@hina for at least one year, own the proprietary

intellectual property right of core technology ionoection with the main products or services of the
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enterprise. In particular, the products or servifehie enterprise must be within the scope oftage-

supported sectors (i.e. Electronic information tetbgy; Biological and medical technology;
Aviation and space technology; New materials tetdgg High-tech services; New energy and
energy conservation technology; Resources and amwgntal technology; Transformation of

traditional sectors through new high-tech) (seeawmmtails in Cao, 2008; Stender and Wang, 2008).

The survey was conducted in 2011 and the datactetlein this survey reflects the situation of
previous year (1 January 2010 to 31 December ZDi8)survey covers 658 high-tech firms located
in Hebei province. After excluding firms that didtrprovide information on energy consumption, and
those in agriculture and service sectors, we ifledtia total of 471 high-tech manufacturing firms.
These firms operate in 25 industries, ranging ffemod manufacturing and Textile manufacturing to
Measuring instruments and machinery (see Appenditerl). In terms of ownership, the investigated
firms consist of five types —majority of the firnase domestically owneprivate firms (63%), while

the next biggest category state-owned firms (17%), followed bycollective firms (7%), HongKong-

Taiwan-Macao firms (3%), andother foreign-owned firms (5%) (see Appendix Table 2).In the

empirical analysis we treat all firms with ownegsbutside of mainland China as foreign owned firms

(HongKong-Taiwan-Macao firms plusother foreign-owned firms).

(c) Descriptive statistics

Table 1 provides a summary of the variables usaagalith the correlation among them.
[Insert Table 1 about here]

About 46% of firms in our sample are exporters (21868 firms). The average export intensity of
the firms in our sample is about 25% (logit transfed value is -1.11) with a maximum export
intensity of 85% (logit transformed value is 1.7&nergy intensity has a maximum of close to 9
(natural logarithm value is 2.18). Firms displaysiderable variability in terms of other variables.

Labor productivity ranges from a low of about 5atdigh of close to 1000 (natural logarithm values

are respectively 1.67 and 6.90). Likewise, firmiediin their experience, with the sample consgptin

2 The ownership structure of a small number (5%jrofs is unclear, however.
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of firms as young as one year to as old as 55 \eataral logarithm values of respectively 0 and 4)
Firms in the sample tend to be innovative, with dkerage R&D intensity about 5%. Nearly 70% of
firms have employees with a graduate degree oreabBinally, the correlation matrix shows no

significant correlation between any pair of exptanavariables.

4. RESULTS

a) the effect of energy consumption on export propensity and export intensity

Table 2 reports the estimates of firm export preggn(regression 1-2) and export intensity
(regression 3-4) based on the Heckman two-stageetgmt model. We estimate all models with
cluster-robust standard errors to ensure that thigmates are robust to problems such as
heteroskedasticity and non-normaligyyd to account for potential correlation among olagténs that
belong to the same industry. The first set of regjmns (regressions 1 and 3) are the baseline model
that include only the controls variables, and i $lecond set of regressions (regressions 2 ané 4) w
include the key explanatory variable energy intgng€dne of the requirements of the Heckman model
is that at least one variable that is present ontiie selection model should be statistically igant.

The age variable is significant at the 1% levebdaith equations while labor productivity is signéit

in the second equation. However, the Wald testEatel no significant correlation between the two
stages, which appear to suggest that unbiasedatetincould be obtained using just a single-stage

model. We compare these results with those frogiesistage models later in the robustness analysis.

[Insert Table 2 about here]

Results reported in Table 1 show that export prefynand export intensity are significantly
positively associated with the energy-intensive dpation processes. The positive sign of the
estimated coefficients in both the selection amdrtiain regressions suggest respectively that the mo

energy a firm consumes per unit of output, the nli&edy it is to export, and the higher is its expo
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intensity. This confirms our predictions that exjpay activities in China is more energy intensive

compared to manufacturing activities that are aiatettie domestic market.

In terms of the effects of the controls, R&D intiyshas a significant positive effect on export
intensity, but has no significant effect on exppropensity. In other words, firms with higher
technological efforts appear to be able to be ncorapetitive in foreign markets, while such efforts
have no discernible effect on being able to expothe first place. Firm size significantly explain
both the propensity to export and export intengdigrger firms are more likely to not only exporttbu
export a larger share of their output to foreigirkats. This result, together with the positive effef

age on export propensity suggests that firms veithdr resources and competences accumulated over
time were able to enter international markets, disddnot become locked in the domestic market.
Industry fixed effects, which are not reported, sigmificant in explaining both export propensityda
export intensity. State or collective ownership hasegatively significant effect on export intepsit
but no discernible effect on export propensity.sTimdicates that these firms, compared to private
independent firms, are focused more on the locakeddhan on the foreign market, but also may be

less competitive.

In order to better understand these results, nextcarry out separate analyses for subsamples of
young vs old firms, and low innovative vs high inative firms, and firms active in low and in high

tech industrial activities as OECD classificati®efeder, 2003; OECD, 2005).

b) effects by firm age

Due to the recent developments in terms of eneffjgient technologies, and of environmental
concerns, the effect of energy consumption on éxgrapensity and export intensity may be different
for new ventures and more established firms. Weetbee, split our sample into two groups: firms
that are 10 years or younger, and firms that aderahan 10 years. Results for each sub-sample of

firms are reported in Table 3.
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[Insert Table 3 about here]

Results confirm the positive effect of energy canption on export intensity. Energy intensity
explains export intensity for both young and olflens. However, for young firms in our sample
energy intensity is not a decisive factor in expilag the decision to export. Propensity to export
among young ventures depends mainly on achievisigeascale, and export intensity on the energy
intensity of their activities. This may reflect tfact that young ventures were born with interrraio
market orientation because they were founded whanaCwas already a big exporter. Among the
remaining variables, firm size continues to exesigmificant positive effect on export propensity f

both types of firms, but on export intensity onty dlder firms.

c) effects by firminnovation

The effect of energy consumption on export proggresid export intensity may have different effects
across firms with low and high levels of innovatiess. In order to examine this, we dropped the 14
observations relative to non-innovative firms, avel split our sample into two groups: firms with an
innovative intensity (share of revenue from innoxafproducts in total sales revenue) that is below
the median value for the whole sample (low innoagtiand firms with an innovative intensity that is
above the median value (high innovative). Reswltsehich sub-sample of firms are reported in Table

4.

[Insert Table 4 about here]

For both types of firms, energy intensity has aitpas effect on export propensity, but has no
significant effect on export intensity. Capitalansity and productivity are particularly important
the decision to export of low innovative firms.dther words, among low innovative firms, those with
a labor intensive production structure and thatranee efficient turns out to be more likely to erpo
than those with a capital intensive productionatire and that are less efficient. Among the low-

innovative firms, large firms and firms that aretpe foreign groups are more likely to export. Brp
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intensity among the low-innovative firms dependsntyaon size. Among the high-innovative firms,
besides energy intensity, size explains signifigagitport propensity, while only the variable faei

explains significant export intensity.

These results suggest that export propensity ih higd low innovative firms depend on different
factors, hinting at that they face different tygecompetition in international markets. Additiongall
results suggest that export intensity in low-inrtox&a and high-innovative firms is significantly
different, once with the slip sample export intgng mainly explained by firms size and capita |

ownership.

d) effects by firmindustrial activity

Finally, we check if there are different dynamit¢saark for firms operating in high tech industries,
compared to those in low tech industries. As thgreke of product maturity and level of reliance on
new sources and technological inputs differ grelagiyveen low and high tech industries, the products
their production and innovative processes as wellha competitive challenges faced by firms are
different in low and high tech industries (GerdfiKorzeniewicz, 1994; Gereffi, Garcia-Johnson &
Sasser, 2001). We adopt the OECD classification winich high tech industries include
pharmaceuticals, electronics, instruments and naatwfe of aerospace and other equipment and we
split our sample into two groups (Peneder, 2003CDE2005). Results reported in Table 5 indicate
that energy intensity has a significant positivie&fon export propensity in the low tech sampld an

on export intensity in the high tech sample.

[Insert Table 5 about here]

In high tech sample, export propensity is higharHmgh productive and large firms, while export
intensity is higher for large firms, for R&D intdue firms and for energy intensive firms. In thevlo

tech sample, export propensity is higher for oldess capital intensive, energy intensive, state an
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collaborative owned firms and for larger firms. Brpintensity is higher in large firms, with high

share of skilled employees, in firms that are raot pf state or collaborative groups.

d) Robustness checks

As noted before, Wald statistics showed that thekrben procedure would not be necessary for our
sample in order to derive unbiased estimates. hdirco this we estimated the export propensity and
export intensity equations separately, using Prabd OLS estimators respectively. Results for the
full sample, reported in Table 6, show remarkalnalarity with those reported in Table 2 derived

using the Heckman procedure.

[Insert Table 6 about here]

Next, we explored if potential endogeneity of tmergy intensity variable could bias the resultss th
could arise if energy intensity may itself be aféetby firm specific factors. We therefore adopaed
two-stage least squares estimator in which energnsity was instrumented with three variables—
number of trade marks (in logarithms), labour puaithity (difference between the logarithms of
revenue and number of employees), and capital sityeiiin logarithms)—while the first variable
provides an indication of the quality of a firm'soduct portfolio, the last two variables may captur
the firm’s production processes. Results are redoim the last column of Table 6 (regression 5).
Coefficient of energy intensity continues to rempasitively significant. This result suggests tivat

can rule out any bias in the results due to paikahdogeneity of the energy intensity variable.

5. CONCLUSIONS

This paper has analyzed the energy content of exfimm China at the firm level. Using a novel
survey data spanning 471 high-tech firms locatethenHebei province of China, it examined the
effect of firms’ energy consumption per unit of jputt on their propensity to and intensity of export.
Findings from this study suggest that firms tha&t @ngaged in exporting activities typically consume

higher levels of energy per unit of output thamBrthat produce for domestic market. These results
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are consistent when we carry out separate anafggesubsamples of young vs old firms, low
innovative vs high innovative firms, and low-teclk tigh-tech industries. The analyses of the
subsamples provide some additional insights orfabtrs influencing propensity to and intensity of

exports, and in particular on their relationshiphwanergy intensity.

Energy intensity was found to explain significardlyport propensity and intensity of old, establihe
firms and export intensity of young ventures. Youimns, despite their newness, appear to be
responding to a specific incentive structure thatoeirages the adoption of energy-intensity
techniques or activities in catering to externamead. In addition, energy intensity was found to
explain significantly export propensity of both leamd high innovative firms, but not their export
intensity. Finally, energy intensity was found tavh a significantly positive effect on export
propensity in the low tech sample and on expodrisity in the high tech sample. This suggests that
energy intensity along with R&D intensity are funaental to successfully competing in global
markets in high tech industries, while in laboueisive activities firms employing energy-intensive

techniques are more likely to export than only picedfor domestic market.

Thus while China is rapidly achieving the capé#pilio produce and export technologically

sophisticated products, a combination of local qes that emphasize export-led growth and
environmental policies in developed countries thia getting ever more stringent appear to have
incentivized the adoption of energy-intensive, aotkntially environmentally damaging, techniques

by high technology manufacturing firms in China.

Overall, these results raise questions about thigyatf developing countries to escape the fayatit

the kuznet curve. Some authors argue that deveopountries can and in many cases were
implementing policies to address and remedy paoltugroblems, and in this way they could somehow
escape the dire predictions underlying the Kuznete (Stern, 2004). For instance, Sharif & Huang
(2012) pointed out that many exporting firms in Gaangdong region of China closed down when the
region implemented tougher environmental regulatio@long with more stringent working

conditions). In contrast, our findings suggest tlnatke developed countries in which more stringent
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environmental standards have been shown to berdrivieinnovation and exports (Constantini &
Mazzanti, 2012), developing countries may not hdve institutional and/or the technological
capabilities to explore the win-win potential etlieof environmental regulation. More broadly, our
findings stress the lack of coordination on climagnd sustainability-related policies between
developed and developing countries, such thatatterlmay specialize in production activities for

global markets that are ineligible to be carriedindhe former.

Future research focusing on manufacturing actwitiea family of products could provide more in-

depth clues about the differences in the charatiesiof products produced for exports and for the
domestic market in China, but also differencesha production processes underlying the same
product family in other world locations. Also fueuresearch involving more qualitative research
methods could aim at exploring the elasticity aieinational demand for Chinese manufacturing
products in case more stringent environmental statsdwere introduced in China. That would offer

further insights for policy makers in China in regj#o reshaping their policies.
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Table 1. Descriptive statistics and correlationrimat

No Variables Obs Mean SD Min Max Correlation matrix
1 Export propensity 468 0.46 0.50 0.00 1.00 1 2 3 4 5 6 7 8 9 10
2 Export Intensity 468 -1.11 1.89 -9.92 1.76 -0.63
3 Productivity 468 4.46 0.88 1.67 6.91 0.15 -0.13
4 Age 468 2.14 0.58 0.00 4.01 0.15 -0.12 0.01
5 Capital intensity 468 4.76 1.26 -0.93 8.66 0.11 .020 0.42 -0.07
6 Energy intensity 468  -5.47 1.81 -13.31 2.18 0.150.03  -0.07 0 0.27
7 R&D intensity 468 -2.99 1.05 -11.44 -0.14 -0.17 .1 -0.36 -0.03 -0.2  -0.05
8 Human capital 468 0.71 0.46 0.00 1.00 0.09 -0.040.06 0.05 0.03 -0.04 0.01
9 Firm Size 468 5.53 1.18 2.56 9.77 0.4 -0.18 0.170.17 0.24 0.19 -0.27 0.11
10 State/Collective 468 0.18 0.38 0.00 1.00 0.13 .140 0.18 0.1 0.1 0.06 -0.07 0.25 0.25
11 Foreign 468 0.08 0.27 0.00 1.00 0.13 -0.07 0.19.01 0.16 -0.03 -0.22 0.12 0.18 -0.13
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Table 2. Heckman Maximum Likelihood estimator - fidmple

Dependent variable: Export Propensity

Dependernabby. Export Intensity

Variables (1) (2) 3) 4)
Age 0.3156*** 0.3321***
(0.1204) (0.1227)
Productivity 0.1413 0.1961*
(0.1113) (0.1132)
Capital intensity 0.0015 -0.0360
(0.0454) (0.0452)
Energy intensity 0.1079** 0.2564***
(0.0422) (0.0972)
R&D intensity -0.0427 -0.0396 0.2726*** 0.2425**
(0.0708) (0.0730) (0.1041) (0.0974)
Human capital 0.0915 0.1175 0.3324 0.3814
(0.1228) (0.1269) (0.2404) (0.2644)
Firm Size 0.4550%*** 0.4378*** 0.4104*** 0.3108***
(0.0763) (0.0795) (0.0982) (0.1033)
State/Collective 0.1620 0.1484 -0.7242* -0.7190*
(0.2332) (0.2361) (0.3859) (0.3858)
Foreign 0.4081 0.4524 0.2068 0.2387
(0.4509) (0.4211) (0.3813) (0.3589)
Industry dummies Yes Yes Yes Yes
Constant -9.6503*** -9.3131%+* -3.6955*** -1.5977**
(0.5175) (0.5631) (0.7609) (0.8054)
Observations 468 468 216 216
Rho 0.148 0.128 0.148 0.128
Log-Psuedolikelihood -718.7 -711.6 -718.7 -711.6
Wald test of indep. eqns: Chi-square 0.819 0.584 819. 0.584
Significance comparison 0.365 0.445 0.365 0.445

Robust standard errors, adjusted for clusteringiwitwo-digit industries, in parentheses

*** n<0.01
** p<0.05
* p<0.1
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Table 3. Heckman Maximum Likelihood estimator — gamison between young and old firms

Young firms Old firms
(10 years or younger) (older than10 years)

VARIABLES Export Export Export Export

Propensity Intensity Propensity Intensity

1) 2 3) 4

Age 0.2540 0.6383

(0.2054) (0.3975)
Productivity 0.1761 0.2857*

(0.1668) (0.1576)
Capital intensity -0.0293 -0.0586*

(0.0725) (0.0348)
Energy intensity 0.0605 0.2995** 0.1922*** 0.2483**

(0.0507) (0.1316) (0.0659) (0.0702)
R&D intensity -0.0172 0.2145 -0.0941 0.2050

(0.0954) (0.2121) (0.0899) (0.1261)
Human capital 0.1881 0.7097 0.1056 0.2157

(0.1760) (0.5499) (0.2245) (0.5084)
Firm Size 0.4650*** 0.0687 0.4656*** 0.3330*

(0.0914) (0.1423) (0.1040) (0.1896)
State/Collective 0.2047 0.2215 -0.0161 -1.2534**

(0.1358) (0.5164) (0.4767) (0.5286)
Foreign 0.2556 -0.0655 0.5240 0.5653

(0.4458) (0.7326) (0.6733) (0.4743)
Industry dummies Yes Yes Yes Yes
Constant -9.2028*** 0.5949 -10.3068*** -2.7071*

(0.5506) (1.0843) (1.4649) (1.5631)
Observations 290 118 178 98
Rho 0.114 0.114 -0.0555 -0.0555
Log-Psuedolikelihood -403.2 -403.2 -285.7 -285.7
Wald test of indep. eqns: Chi-square 0.216 0.216 093x 0.0937
Significance comparison 0.642 0.642 0.760 0.760

Robust standard errors, adjusted for clusteringiwitwo-digit industries, in parentheses

*** n<0.01
** p<0.05
* p<0.1
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Table 4. Heckman Maximum Likelihood estimator — gamison between low and high innovative firms
High innovative
Low innovative: (Share of innovative
(Share of innovative products equal to or
products below median) above median)

Export Export Export Export
VARIABLES Propensity Intensity Propensity Intensity
1) (2) 3) 4)
Age 0.1998 0.4048
(0.1690) (0.2712)
Productivity 0.3506** 0.1631
(0.1599) (0.1599)
Capital intensity -0.2023* 0.1469
(0.1176) (0.1164)
Energy intensity 0.1169* 0.1322 0.1410** 0.3107
(0.0633) (0.1364) (0.0627) (0.2884)
R&D intensity 0.0879 0.5446 -0.2428 0.2209
(0.1981) (0.4706) (0.2153) (0.2448)
Human capital 0.2568 0.2316 0.2399 0.4694
(0.2252) (0.6373) (0.1890) (0.6161)
Firm Size 0.5107*** 0.2508*  0.3485*** 0.1313
(0.0890) (0.1317) (0.1274) (0.3672)
State/Collective -0.2486 -0.5350 0.4231 -0.1512
(0.3435) (0.6234) (0.3342) (0.8816)
Foreign 0.8673** 0.1433 -0.2865 1.4514*
(0.4145) (0.4701) (0.6534) (0.8509)
Industry dummies Yes Yes Yes Yes
Constant -3.2293** 2.1705** 9.4544**  (0.9223

(0.9558)  (0.7968)  (0.3685)  (3.1193)

Observations 197 108 198 84
Rho 0.0983 0.0983 0.000884  0.000884
Log-Psuedolikelihood -328.3 -328.3 -271.3 -271.3
Wald test of indep. eqgns: Chi-square 0.364 0.364 166807 9.16e-07
Significance comparison 0.546 0.546 0.999 0.999

Robust standard errors, adjusted for clusteringiwitwo-digit industries, in parentheses
*** n<0.01

** p<0.05

* p<0.1
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Table 5. Heckman Maximum Likelihood estimator mparison between high-tech and low-tech industries

High-tech industries

Low-tech industries

Export Export Export Export
Propensity Intensity  Propensity Intensity
1) 2 3 4
Age 0.1775 0.5249**
(0.1151) (0.1605)
Productivity 0.3655*** 0.1736
(0.1393) (0.1711)
Capital intensity 0.0305 -0.1230***
(0.0528) (0.0408)
Energy intensity 0.0693 0.6119***  0.1385*** 0.0771
(0.0959) (0.2102) (0.0445) (0.0759)
R&D intensity -0.0270 0.0860* -0.0060 0.6080
(0.0451) (0.0449) (0.1915) (0.4034)
Human capital -0.1335 -0.5368 0.2143 0.5024***
(0.2634) (0.4111) (0.1420) (0.1939)
Firm Size 0.6216***  0.3522**  (.3721*** 0.3147**
(0.1005) (0.0975) (0.1021) (0.1310)
State/Collective -0.2214 0.4065 0.3708* -1.5292%**
(0.5176) (0.3243) (0.1950) (0.4301)
Foreign 0.3793 0.4601 0.4304 -0.0312
(0.2589) (0.6329) (0.6719) (0.3968)
Constant -5.0231*** -0.3095 -8.5055*** -1.7744
(0.8575) (2.2299) (0.5533) (1.4839)
Observations 175 75 293 141
Rho 0.439 0.439 -0.219 -0.219
Log-Psuedolikelihood -246.4 -246.4 -449.5 -449.5
Wald test - Chi-square 1.731 1.731 0.432 0.432
Sig comparison 0.188 0.188 0.511 0.511

Robust standard errors, adjusted for clusteringiwitwo-digit industries, in parentheses

*** n<0.01
** p<0.05
* p<0.1
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Table 6. Robustness Analysis
Probit analysis of export propensity and OLS a8H2 analyses of export intensity— full

Export Propensity Export intensity
Probit Probit OLS oLS 2SLS
@) @) ©) @) ®)
Age 0.3092** 0.3269***
(0.1234) (0.1250)
Productivity 0.1333 0.1919*
(0.1050) (0.1094)
Capital intensity 0.0092 -0.0331
(0.0507) (0.0482)
Energy intensity 0.1075** 0.2468**  (0.5742**
(0.0422) (0.0978) (0.2273)
R&D intensity -0.0432 -0.0395 0.2935** 0.2606**  (0.2169**
(0.0686) (0.0715) (0.1090) (0.1039)  (0.0940)
Human capital 0.0905 0.1171 0.3016 0.3578  0.4323
(0.1244) (0.1283) (0.2377) (0.2682)  (0.2891)
Firm Size 0.4534*** 0.4370*** 0.3249*** 0.2467** 0.1429
(0.0755) (0.0792) (0.0744) (0.0838)  (0.1131)
State/Collective 0.1699 0.1574 -0.7493* -0.7487* -0.7478**
(0.2293) (0.2309) (0.3700) (0.3636)  (0.3388)
Foreign 0.4122 0.4559 0.1683 0.1924 0.2243
(0.4507) (0.4200) (0.4056) (0.3955)  (0.3737)
Constant -4,1082**  -3.4507**  -1.7473%* -0.9309 1.4812
(0.4673) (0.5152) (0.5444) (0.6237)  (1.6912)
Observations 454 454 219 219
Log Likelihood -259.9 -256.3 -464.3 -460.6
R-squared 0.1102 0.1399 0.0876
Adj-R-squared 0.0301 0.0578 0.000451
Robust standard errors, adjusted for clusteringiwitwo-digit industries, in parentheses
*** n<0.01
** n<0.05
* p<0.1

'2SLS — 2 stage least squares estimator is an instal variable estimator using which we
instrument energy intensity with the variables Ag@ductivity, and Capital intensity that appealyon
in the selection model.
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Appendix tables

Table 1: summary of industry categories

industry category Freq. Percent Cum.
C13_Processing of agricultural and sideline praogluct 3 0.64 0.64
C14 food manufacuturing 5 1.06 1.7
C17_textile manufacturing 4 0.85 2.55
C18_Manufacture of Textile Wearing Apparel, Footwand Caps 1 0.21 2.76
C19_ Manufacture of Leather, Fur, Feather and Retlateducts 2 0.42 3.18
C20_Processing of Timber, Manufacture of Wood, BamlRRattan,Palm and

Straw Products 1 0.21 3.4
C22_facture of Paper and Paper Products 1 0.21 3.61
C23_Printing,Reproduction of Recording Media 5 1.06 4.67
C25_Processing of Petroleum, Coking, Processimducfear Fuel 1 0.21 4.88
C26_Manufacture of Raw Chemical Materials and Cleahi?roducts 52 11.04 15.92
C27_Medical and pharmaceutical products 52 11.04  26.96
C28_Chemical Fibers manufacturing 2 0.42 27.39
C29_Rubber and Plastics products 19 4.03 31.42
C30_Manufacture of Non-metallic Mineral Products 20 4.25 35.67
C31_Smelting and Pressing of Ferrous Metals 4 0.85 36.52
C32_Smelting and Pressing of Non-ferrous Metals 102.12 38.64
C33_ Manufacture of Metal Products 26 5.52 44.16
C34_Manufacture of General Purpose Machinery 31 6.58 50.74
C35_Manufacture of Special Purpose Machinery 79 16.77 67.52
C36_Manufacture of Automobiles 24 5.1 72.61
C37_Manufacture of Railway, Ship, Aerospace anceOimansport 7 1.49 74.1
C38_Manufacture of Electrical Machinery and Appasat 43 9.13 83.23
C39_Manufacture of Computers, Communication anceOfflectronic Equipment 52 11.04  94.27
C40_Manufacture of Measuring Instruments and Maalyin 20 4.25 98.51
C41_Other Manufacture 7 1.49 100
Total 471 100 100

Table 2: summary of ownership categories

ownership

Freq. Percent Cum.

State-owned enterprises

83 17.62 17.62

Collective enterprises 34 7.22 24.84
Private enterprises 297 63.06 87.9
Hongkong-Taiwan-Macao enterprises 12 2.55 90.45
Foreign enterprises 24 5.1 95.54
Others 21 4.46 100
Total 471 100 100
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