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This paper tracks the energy use and changes to China's energy-efficiency regulatory framework governing the
iron and steel industry for the last thirty years. The detailed institutional analysis identifies both abating and aug-
menting effects of the regulatory framework changes on the energy intensity changes. The paper then assesses
the impacts of various other factors on the energy intensity of China's iron and steel industry by using time-
series data on the sector level. The quantitative analysis shows that technology progress, specifically the produc-
tion process transition from high-energy intensive open-hearth furnace (OHF) to more energy efficient basic-
oxygen furnace (BOF), is the biggest contributor to energy intensity reductions in China's iron and steel industry
in the last thirty years, even after controlling for regulatory change and policy incentives. The ownership reform
resulting from changes in the regulatory framework change contributed to energy intensity reductions in China's
iron and steel industry, while fast market expansion resulting from market liberalization and regulation decen-
tralization served as a principal barrier for energy efficiency improvements. Government policies, represented
by financial subsidies from governments, correspond with energy intensity reductions in key large and medium
sized enterprises, but interestingly, seem to be ineffective at producing energy intensity reductions for the indus-
try as a whole. As other research indicated, rising coal prices also contributed to energy intensity reductions in
China's iron and steel industry. Finally, the paper concludes that, to further incentivize energy intensity reduc-
tions, the Chinese government should consider correcting the negative impacts of the regulatory framework
change, as well as transferring production processes to the highly energy efficient electric-arc furnace (EAF)
and extending policy regulations to wider enterprise groups.
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Introduction

Since the introduction of market reforms in 1978, China's energy
consumption has increased rapidly, driven by an average 10% annual
economic growth rate. In 2009, China became the largest energy con-
sumer in the world, surpassing the United States (IEA, 2010) and has
retained that ranking ever since. In 2012, energy consumption in
China amounted to almost 3.6 billion tons of coal equivalent (tce), and
the number is expected to continuously increase to support accelerated
industrialization and urbanization in the coming decades. To curb ex-
tensive consumption of energy and achieve the sustainable develop-
ment of the economy, China continues to strengthen its efforts in
energy conservation and emissions reduction (Wang and Chen, 2010).
Different from developed countries, the industrial sector is themost im-
portant end-use sector in China, and is responsible for 70% of primary
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energy use and 80% of associated carbon dioxide emissions. Five
energy-intensive industrial subsectors account for the bulk of industrial
energy consumption and related carbon dioxide emissions: iron and
steel, chemicals, petroleum refining, pulp and paper, and cement.
Clearly it is important for both China and theworld to better understand
China's energy use in various industrial sectors and the factors behind it.
This paper on the iron and steel industry aims to contribute to this im-
proved understanding.

China's iron and steel industry has achieved impressive progress in
the past three decades. China has become the largest steel producer in
the world since passing Japan in 1996 and the largest steel consumer
in the world since 2001. In 2015, China produced 804 million tons
(Mt) of crude steel (Fig. 1) and consumed 704 Mt., accounting for al-
most 49.5% of world steel production and 43.2% of global steel con-
sumption (World Steel Association, 2016). In 2013, the Iron and Steel
sector consumed 624.9million tce and released 16.2% of total CO2 emis-
sions in China in 2013 (Xu and Lin, 2016). In 2014, the iron and steel in-
dustry alone accounted for around 16.3% of energy consumption in
China. Since 1980, the energy efficiency of China's entire iron and steel
.
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Fig. 1. Crude steel production in China and its share of the world from 1980 to 2015 (Unit: million tons).
Data source: World Steel Association.
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sector has significantly improved from 2.04 tce per ton produced in
1980 to 0.845 tce per ton in 2014 (National Bureau of Statistics, 2016).
The energy intensity indicator for key large and medium sized iron
and steel production enterprises in China also decreased from
1.625 tce per ton in 1980 to 0.572 tce per ton in 2015.1 There is still a
wide energy efficiency gap, however, compared with developed coun-
tries (Wei et al., 2007; Guo and Fu, 2010; Hasanbeigi et al., 2014). As
China's steel production and consumption are expected to continue to
rapidly grow alongside progressive industrialization, urbanization and
green development,2 improving the energy efficiency of China's iron
and steel industry is essential for reducing China's overall energy
intensity.

Most scholarly papers on energy efficiency use the decomposition
method to assess drivers of energy efficiency reduction (Sinton and
Levine, 1994; Lin and Polenske, 1995; Galli, 1998; Sinton et al., 1998;
Sinton and Fridley, 2000; Zhang, 2003) and they often attribute changes
in energy intensity either to structural shifts (Johnson et al., 1997) or
technological change (Sinton and Levine, 1994; Zhang, 2003). The de-
composition method can unfortunately only reveal limited insights.
Other research increasingly attempts to explore the underlying causes
behind those factors within sectors, and in particular, within industrial
subsectors since they can make the largest contributions to intensity
changes (DeCanio, 1998; DeCanio and Watkins, 1998; Sinton et al.,
1998). A consensus has emerged that a steady decline of energy inten-
sity can be achieved through technological improvements (Sinton
et al., 1998; Fisher-Vanden et al., 2004, 2006, 2016; Sheehan and Sun,
2007; Wei et al., 2007; Ma and Stern, 2008; Rock and Toman, 2015),
but it is less clear onwhat causes the adoption ofmore efficient technol-
ogies. Energy prices, which drive up energy bills for customers, are a
crucial motivator for energy intensity reductions (Fisher-Vanden et al.,
2004; Hang and Tu, 2007). Some scholars also imply that ownership
may be a critical factor determining energy use in China
(Fisher-Vanden et al., 2004, 2016; Hang and Tu, 2007; Wei and Liao
et al., 2007). Other factors, such as the rate of economic growth, the
structure of the economy, the regional locations (Fisher-Vanden et al.,
1 Large and medium sized enterprise refers to a enterprise with the deployment over
300, sale revenues over 300 million and gross assets over 400 million. In 2012, there are
80 key large and medium sized enterprises in China's iron and steel industry, accounting
for 54.2% of the total steel production in China in 2016 (Wang, 2017).

2 Steel is also a crucial material necessary for supporting “green” development, such as
thewind power industry, solar PV system, gas turbines, and electric vehicles. For example,
70% of a wind turbine is made of steel and it also requires steel to construct the wind tur-
bines' foundation (World Steel Association, 2012).
2016) and public financial support have also been found to influence
energy use in China (Sinton et al., 1998; Lin, 2007).

Efforts to improve energy efficiency in China from an institutional
perspective attract increasing attention. Policies and their implementa-
tion are pivotal in energy conservation activities (Sinton et al., 1998).
Policy implementation in China is widely believed to be fragmented,
and progression is further inhibited by conflict between state depart-
ments and between central and local governments (Lieberthal and
Oksenberg, 1988; Lema and Ruby, 2007; Sun, 2007). A few papers
have already documented these institutional effects in energy gover-
nance (Andrews-Speed, 2009; Levine et al., 2009; Zhou et al., 2010)
and in technological productivity (Movshuk, 2004). Aden and Sinton
(2006) illustrate the role of government policy, implementation, and in-
stitutions in augmenting and abating the environmental degradation
that can accompany expanded energy usage in typical energy sector.
However, few have explored and decompose the effects of institutions
on industrial energy efficiency in China, especially in a specific sector.

This paper focuses on China's iron and steel industry and explores
how regulatory framework changes, as well as other technological and
economic factors, shape energy intensity changes using time series
data from 1980 to 2010. The main research questions are: (1) How
did China reduce its energy intensity in the iron and steel sector over
the last 30 years? (2) How does regulatory reform shape energy inten-
sity reductions in the iron and steel industry? (3) Towhat extent do reg-
ulatory framework changes and other technological and economic
factors influence the energy consumption of the iron and steel industry?
This paper endeavors to make three contributions to the scholarly liter-
ature: First, this paper provides a detailed institutional analysis to iden-
tify the conditions under which regulatory framework changes have
abating and/or augmenting effects on the energy intensity of China's
iron and steel industry. This is innovative because this research is focus-
ing on a specific industrial sector on the energy-demand side, rather
than on the energy-supply sectors, such as coal and hydropower
(Aden and Sinton, 2006; Andrews-Speed, 2009). Second, the research
is the first one to quantify the impacts of policies on the energy intensity
changes in China's iron and steel industry. Two of the latest research
publications – Rock and Toman (2015) and Fisher-Vanden et al.
(2016) – identify the impacts of public policies but have not quantified
them. We supplement their research by adding policy instruments as
variables. Thirdly, the research can reach more robust conclusion
about the role of technology progress and other factors, by controlling
institutional changes and policy incentives.

The organization of this paper is as follows.We beginwith a brief in-
troduction of energy use in China's iron and steel industry in the Energy
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use in China's iron and steel industry section. Changes to the institution-
al framework section discusses changes in the regulatory framework, as
well as energy-efficiency policies related to energy use in China's iron
and steel industry, and tries to figure out how these regulatory changes
shape the energy intensity changes in China's steel sector. In the
Assessment of factors shaping the energy intensity changes in China’s
iron and steel industry section, we evaluate the effects of the main fac-
tors driving energy use in China's iron and steel industry by conducting
a time series analysis. Conclusions and policy implications are presented
in the Discussion and conclusions section.

Energy use in China's iron and steel industry

Energy consumption structure

Similar to the general energy consumption structure in China, coal
and electricity are the most important fuels used in China's iron and
steel industry. In 2004, the energy consumption mix of the Chinese
steel industry consisted of 69.9% coal, 26.4% electricity, 3.2% fuel oil,
and 0.5% natural gas (Wang et al., 2007;Wei et al., 2007). In OECD coun-
tries, however, coal only accounts for 38% of all energy consumed,while
oil and gas account for 31%. The simple dominance of coal, which has a
calorific value lower than oil and gas, in the iron and steel industry raises
the energy consumption per unit of production. There is also consider-
able variation in energy consumption of different processes in the
steel sector. In 2004 energy consumption of iron-making accounted
for 70% of total energy consumption, including 39% for the blast furnace,
11.9% for coking, 3.5% for balling and 5.6% for sintering (Guo and Fu,
2010).

The energy structure in China is changing and China may have al-
ready reached its coal peaking point (Qi et al., 2016). According to the
Chinese Iron and Steel Association (2016), the production and con-
sumption of steel in China are also entering the peaking plateau. The
total energy consumption of the Chinese iron and steel sector dropped
for the first time in 2015 in China. These changed facts combined with
the potential transition from BOF to EAF, energy mix in Chinese iron
and steel industry may start to decouple it away from coal in the future.

Total energy consumption

As Table 1 shows, the total energy consumed by China's iron and
steel industry decreased in the early 1980s but since has increased rap-
idly, especially since 2000. By 2014, the iron and steel industry con-
sumed 693 million tce, which was three times of what it consumed in
2000.The annual growth rate of the energy consumed by China's iron
and steel industry averaged an amazing 20.3% between 2000 and
2014. Even more interesting is the variation of the industry's share of
total national energy consumption. From 1978 to 1996, the ratio of the
iron and steel industry to China's total energy consumption decreased
Table 1
Energy consumption in the Chinese steel industry.a

Data source: Chinese Iron and Steel Industry Yearbooks and National Bureau of Statistics of Ch

Year Energy consumption
in steel sector
(million tce)

Energy consumption
in all industries
(million tce)

Energy consumption
in China
(million tce)

1980 71 410 571
1985 78 511 767
1990 99 676 987
1995 124 962 1312
2000 181 965 1455
2005 369 1595 2360
2010 591 2311 3480
2014 693 2957 4258

a The conversion relationship between tce and gigajoules (GJ) is 1 tce = 29.3076 GJ.
from 13% to 10% but then reversed and actually increased to almost
16.3% by the end of 2015.

Diffusion of the main energy-efficient technologies

Figs. 2 and 3 show the diffusion of several major energy-efficiency
technologies and production processes in the iron and steel industry
in China. There are three main methods of producing steel: open-
hearth furnace (OHF), basic-oxygen furnace (BOF) and electric-arc fur-
nace (EAF). The former two are used to produce primary steel (steel
from pig iron) and EAF is generally used to produce secondary steel
(steel from scrap or steel made after addition alloying elements to the
primary steel). Compared with OHF, BOF is muchmore energy efficient,
and EAF is the most energy efficient of all.

In the last three decades, BOF has grown to account for 90% of the
market share in China. Fig. 2 provides a depiction of a classic diffusion
S-curve with BOF replacing OHF completely by 2015. The EAF method
stagnated and even decreased from 20% in the 1980s to 10% in 2010
due to the shortage of steel scrap and use of most scrap in the BOF pro-
duction in China. The ratio of EAF further decreased to 6.1% in 2015 at an
even higher pace, sending an alarming signal that BOF is resisting the
growth of more efficient EAF in China. The slow development of EAF is
constrained by scrap availability and higher price of steel scrap in
China. A weak recovery system of steel scrap further deteriorates the
limited scrap supply in China. Another crucial constraint for EAF in
China is poor policy incentives. For instance, governments gradually de-
creased since 2004 and finally suspended value-added tax breaks for
firms which specialized in EAF, scrap recovery and distributions in
2008. Additionally, governments' iron and steel policies do not differen-
tiate the BOF and EAF. For instance, the central government in China
limits credits to sectors with pollution-intensive and energy-intensive
sectors and increases credits to clean sectors for the purpose of curbing
energy consumption and solving environment problems. The iron and
steel sector as a whole, as well as multiple other sectors, is defined as
high-energy consumption and high-pollution sectors, and is subject to
credit austerities. As this credit policy does not discriminate the two
production approach, EAF is discouraged due to difficulty in accessingfi-
nance.Meanwhile,most EAF firms in China aremedium& small sized or
private firms, whereas BOF firms are large SOEfirms. EAF firms are often
disproportionately suffering in credit curbing.

Continuous casting is another recognized energy-efficient technolo-
gy in the iron and steel industry. As we can see from Fig. 3, it has also
been a big success in China, especially during the 1990s. Until recently,
the continuous-casing ratio steadily increased from almost zero in the
late 1970s to 99.5% in 2011.

Evolution of energy intensity

China's iron and steel industry has made significant progress in im-
proving the energy efficiency of its production process during the last
ina.

Energy consumption of steel industry
as a proportion of energy consumption
of Chinese industry (%)

Energy consumption of steel industry
as a proportion of Chinese total
energy consumption (%)

17.3 11.9
15.2 10.1
14.6 10.0
12.9 9.5
18.7 12.4
23.1 15.6
25.6 18.9
23.5 16.3



Fig. 2. Share of steel production methods in China (Unit: %).
Data source: China's Iron and Steel Industry Yearbooks; World Steel Association Annual Reports.

Fig. 3. Adoption rate of continuous casing technology (Unit: %)).
Data source: China's Iron and Steel Industry Yearbooks; World Steel Association Annual Reports
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thirty years. There are three energy efficiency indicators typically used
in China's iron and steel industry: industrial energy intensity, energy in-
tensity for key large andmedium sized enterprises, and comparable en-
ergy intensity3 for key large and medium sized enterprises (Worrell
et al., 1997; Price et al., 2002. As Fig. 4 shows, all three indicators have
fallen rapidly since 1980: industrial energy intensity fell from 2.04 tce
per ton in 1980 to 0.927 tce per ton in 2010, energy intensity for
China's key large and medium sized enterprises fell from 1.626 tce per
ton in 1980 to 0.602 tce per ton in 2010, and comparable energy inten-
sity for key large and medium sized enterprises fell from 1.285 tce per
ton in 1980 to 0.595 tce per ton in 2009. The reduction in energy inten-
sity was not a smooth process. Energy intensity decreased most rapidly
during the 1980s, followed by a more modest decline in the 1990s. In
the early 2000s, the reduction was interrupted by an unexpected rise
in industrial energy intensity from 2001 to 2003 and by a similarly un-
expected rise in energy intensity for key enterprises from 2004 to 2005.
After 2005, all energy intensity indicators have reverted to a downward
trajectory.
3 Comparable energy intensity is calculated after taking into account the differences of
final products and production process, whereas general energy intensity does not include
variances of steel products and productions. Thus comparable energy intensity ismore ap-
propriate to do firm-level and national-level comparisons.
Energy intensity gap compared with other countries

Despite achieving remarkable progress in improving energy efficien-
cy, China still lags behind themost advanced countries in energy use ef-
ficiency in the iron and steel industry. The general energy consumption
per ton of steel in China is higher than that of most advanced countries
by about 20% (Guo and Fu, 2010). As Table 2 shows, themain processes
used for China's iron and steel production in 2010 still lag behind the
global advanced levels in 2004 with respect to energy use. There is
still significant space for China to increase energy efficiency in its iron
and steel industry. For instance, during the converter steel making pro-
cess, substantial gas and steam can be recovered. The recovery of these
energy sources can even surpass the total energy consumption and thus
enable negative energy consumption in this production process, which is
called negative converter steelmaking process. As the data shows, regard-
ing the converter steel making, the negative energy intensity of the global
advanced level (−8.8 kgce/t) ismuchhigher than that of the key large and
medium sized producers in China, whichmeans Chinese steel firms fail to
reutilize gas and steam as efficiently as their international peers.

An accurate comparison of the energy intensity of steel production
in China and the other countries should take into account the technolo-
gy structure, particularly the ratio between BOF and EAF, and clarify
boundary definitions (Hasanbeigi et al., 2014). After taking into account
the production structure, we still see a much bigger intensity gap



Fig. 4. The energy intensity in China's iron and steel industry from 1980 to 2011. Notes: Industrial energy intensity data after 2000 are from Chinese Energy-saving and Electricity Saving
Report 2010 and Metal Research Institutions.
Data source: Chinese Iron and Steel Year Books; China Energy Research Institute (2010), Dou (2007) and Metal Research Institutions.
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between China and the United States in terms of both final and primary
energy intensities. The fuel and final energy intensity of crude steel
(steel in the first solid state after melting, suitable for further processing
or for sale) in the U.S. is much lower compared to China as shown in
Table 2, even though the U.S. has higher electricity intensity due to its
higher share of EAF steel production. Calculating primary energy inten-
sity is especially important for the iron and steel industry because the
EAF process usesmostly electricity, whereas the BOF process usesmost-
ly fossil fuels. As the table shows, there is still a big gap between the U.S.
and China regarding primary energy intensity after taking into account
technology differences and transmission and distribution (T&D) losses.

Changes to the institutional framework

Taking into account the most significant milestones of institutional
restructuring and key policies, we divide energy conservation in
China's iron and steel sector into four phases: (1) hierarchical and ad-
ministrative regulation in energy conservation (1980–1991); (2) dereg-
ulation and corporatization reform (1992–1997); (3) chaotic and weak
regulations brought by government restructuring (1998–2004);
(4) fragmented but market-oriented regulation (2005–post). In each
stage, the paper will explore what are the main institutional changes
and how these changes influence the energy intensity changes in the
whole sector either through augmenting or abating.

Phase 1: hierarchical and administrative regulation in energy conservation
(1980–1991)

Before 1978, China's energy policy and system followed the Russian
model: rapid increases in energy supply, low energy prices, centralized
Table 2
Energy intensity gap compared with global advanced level (kgce/t).
Source: Wang and Jiang (2012), China Iron and Steel Industry Association (2011), and Hasanb

Coke making Sintering Iron making

Global advanced level (Japan) 95 (2004) 53 (2004) 396 (2004)
Key large and medium sized
producers in China

105.9(2010) 52.7(2010) 407.7(2010)

Gap 10.9 −0.3 11.7
Energy intensity of the iron
and steel industry in China
and the U.S.

Electricity intensity
(kWh/t crude steel)

Fuel intensity
(kgce/t crude steel)

Final energy

The U.S. 675.8 426.5 508.4
China 431.7 733.6 788.2
Gap −244.1 307.1 279.8

Notes: 1) T&D losses refer to transmission and distribution (T&D) losses; 2) The table unifies th
0.00012 tce = 0.12 kgce.
energy allocation to provide energy to heavy industry, and a disregard
for environmental effects (Levine et al., 2009). The result of this policy
was one of the fastest growing and least efficient energy systems in
the world, on both the supply and demand sides (Sinton et al., 1998).
Energy shortages became the bottleneck of rapid economic develop-
ment after 1978. At its worst, factories could only function three days
aweek due to the shortage of power. To sustain rapid economic growth,
the State Council published its Notice of Several Issues on Raising Energy
Efficiency in China in 1979, which marked the beginning of China's
work on energy conservation. Later in 1980, the State Council further
published its Report of Strengthening Energy Conservation Work and No-
tice onGradual Establishment of Comprehensive Energy Consumption Eval-
uation System. Since then, a new energy strategy laying equal emphasis
on the development of energy supplies and energy conservation, with
the latter assuming a higher priority in the short term – came into
being in China. Between 1980 and 1982, State Council published an ad-
ditional five directives on energy savings for industrial boilers and fur-
naces. These policies greatly advanced energy conservation in the
industrial sector.

The regulation and policy implementation of energy conservation in
the iron and steel industry in China were mainly dominated by the
Ministry of the Metallurgical Industry (MMI) and supported by other
ministerial agencies, such as SPC, SETC, SEC and State Scientific Commis-
sion (SSC), as shown in Fig. 5. Meanwhile, as a ministerial agency, MMI
also had similar corresponding institutions and bureaus or departments
at the provincial and local government level to carry out its energy con-
servation policies. MMI workedwith the SPC and SETC to set the annual
and five-year energy conservation targets for the iron and steel industry
and then distributed these targets to key iron and steel firms and the
provincial bureau of the metal industry, which further distributed
eigi et al. (2014).

Converter steel making –

−8.8 (2010) –
−0.16(2010) –

8.64 –
intensity (kgce/t crude steel) Primary energy intensity

with T&D losses kgce/t
crude steel)

Primary energy intensity
without T&D losses
(kgce/t crude steel)

682.4 665.4
897.4 887.1
215 221.7

e units of data to kgce/t; 3) the conversion relationship between kWh and kgce is1 kWh=



Fig. 5. The institutional framework of energy conservation in iron and steel industry in 1980s. Notes: solid line with arrow refers to direct regulations.
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these targets into provincial-owned iron and steel firms. Almost all iron
and steel enterprises, at that time,were state owned, and thereforeMMI
could directly regulate and intervene in these firms' internal energy
management by using administrative instruments, such as quotas and
targets to great effect (Andrews-Speed, 2009). All energy consuming
enterprises with annual energy consumption beyond 10,000 tce were
also required to establish an energy management department and ap-
point a specific person responsible for energy usage (State Council,
1986). This measure further strengthened the hierarchy of the adminis-
trative regulatory system and guaranteed the implementation and en-
forcement of energy-efficiency policies within the iron and steel
industry.

The main energy-saving measure in the iron and steel industry dur-
ing this period was to decrease energy waste by strengthening energy
management and reducing energy leakage (commonly known as
“sweeping movable assets” through retrofitting of individual equip-
ment or facilities, promoting energy management, and improving pro-
duction processes in iron and steel firms(Sun et al., 2013). In the early
1980s, the government established a suite of policy instruments to en-
courage energy savings in China's iron and steel industry. One was an
administrative regulation setting energy consumption quotas for enter-
prises with more than 50,000 tce of annual energy consumption (State
Council, 1986). Another instrument was the use of financial incentives
from the government to support energy conservation projects. China's
government spent approximately 4.5%–6.5% of its total energy invest-
ment budget on conservation in each year from 1981 to 1990 (Sinton
and Levine, 1994). The State Council additionally required that MMI
should invest 20% of the annual depreciation fund into energy efficiency
projects. In 1983, the government changed the financial allocation of
energy conservation projects to low-interest loans. At that time, energy
conservation projects could enjoy as low as 2.3% interest on loans, while
other investments paid about 5% interest (SPDC et al., 1984). Addition-
ally, a series of energy conservation service centers, established by the
Bureau of Energy-saving and Comprehensive Energy Utilization,
affiliated with SETC throughout the country to provide consultations
and technical support. At their peak, there were more than 200 of
these centers, employing more than 7000 people across China (Sinton
et al., 1998).
Meanwhile, energy price reform, particularly in the coal industry,
started in the 1980s. In 1983, the Chinese government implemented a
dual price scheme where state-owned coal producers were allowed to
sell excess coal output at higher, administratively-set prices outside
the typical within-quota prices. Increasing coal prices and a market
shortage worked as another driver of energy conservation in China's
iron and steel industry.

The achievement of these energy efficiencymeasureswas remarkable.
Industrial energy intensity was reduced from2.04 tce per ton in 1980 to
1.61 tce per ton in 1990. The energy intensity of key enterprises also
underwent a similar transition by decreasing from 1.63 tce per ton to
1.28 tce per ton. Due to this progress in reducing energy use, the total
energy consumption of the iron and steel industry actually decreased
in some years, specifically 1981, 1982, 1987 and 1989, even though pro-
duction in these years increased.
Phase 2: deregulation and corporate reform (1992–1997)

The regulatory framework for the iron and steel industry in the
1990s was gradually changed by further national institutional reform,
which enabled thewhole economy to be subject to market forces, espe-
cially since 1993 as shown in Fig. 6. One of the changes was the corpo-
ratization of state-owned enterprises marked by the publishing of Law
of Company, which aimed to create a modern corporate system and
even enable firms to gain financial investment through going public
(Movshuk, 2004). Since 1992, MMI initiated corporatization experi-
ments in large steel firms, such as Baosteel and Angang, and later ex-
panded the corporatization experiment into the whole industry (Sun,
2007).The corporatization greatly increased the autonomy of these
state-owned iron and steel enterprises and gradually concluded the
government's direct intervention into internal economic and energy ac-
tivities (Yu, 2010). As a result, the level of government investment and
regulation in energy efficiency declined dramatically despite the intro-
duction of the Energy Conservation Law in 1997 (Sinton et al., 1998;
Liu, 2010). Financial support for energy conservation also diminished
greatly as tax rate reductions for efficient technology development
and investment projects were all abolished in 1994 due to tax reform



Fig. 6. The institutional framework of energy conservation in iron and steel industry from 1991 to 1997. Notes: 1) solid line with arrow refers to direct regulations; 2) slashed line with
arrows refer to indirect regulations.
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(Sinton et al., 1998). The favorable interest rate for energy conservation
projects was also eliminated in the late 1990s (Lin, 2007).

Another change was the growth of local government as MMI trans-
ferred ownership and control rights to local governments. During the
1990s, all of the large and medium-sized state-owned enterprises, ex-
cept for a couple of leading steelmakers, were handed to the authority
of local governments. Even though they still received professional guid-
ance from the MMI, managerial appointments and operational control
were lodged in the hands of local governments. The economic growth
in the first half of the 1990s also brought fast output growth in associa-
tion with a growing number of small sized firms in the industry, these
small sized firms are energy intensive than bigger ones, as they were
poorly equipped and they were always too small to get economics of
scale (Sun, 2007). Meanwhile, most of these new firms were either
local state firms under the municipal/county administrative echelon or
township and village enterprises. The traditional administrative imple-
mentation instruments and the regulatory power of the MMI over
China's iron and steel enterpriseswere thus rendered largely ineffective.
MMI openly complained about its lack of authority over managerial ap-
pointments, material allocations and investment regulations (China
Iron and Steel Industry Association, 1992).

Fortunately, the combination of higher prices, market forces, and
more diversified ownership in the industry provided the ideal environ-
ment for autonomous innovation and investment in research anddevel-
opment relating to energy efficiency (Andrews-Speed, 2009). During
the same period, energy prices rose for all fuels as the government
took several steps to adjust the mechanisms by which energy prices
were set. Coal prices were liberalized to a great extent, producer and
consumer prices for electricity were raised, and by the end of the
1990s, systemswere put in place to adjust oil prices in linewith interna-
tional markets (Hang and Tu, 2007). As a result, coal prices tripled
between 1990 and 1997 and electricity prices increased by 3.4 times,
while steel prices only increased by 2.2 times.

During the 1990s, industrial energy intensity in iron and steel de-
creased by 0.04 tce per ton per year. Industrial energy intensity de-
creased from 1.608 tce per ton in 1991 to 1.29 tce per ton in 1997 due
to technical progress of energy conservation, such as steel manufactur-
ing process flow optimization and adjustment of production structure
(Sun et al., 2013). As Figs. 2 and 3 show, the rate of BOF steel production
increased from 58% to 80% in only eight years. The continuous casting
method also increased from 20% to 80%.The energy intensity for large
and medium iron and steel enterprises fell from 1.264 tce per ton in
1991 to 1.009 tce per ton in 1997. In addition, China's energy efficiency
gap relative to the international level also greatly narrowed. In 1980, the
energy intensity of large and medium-sized enterprises in China's iron
and steel industry was higher than the international average level by
65.8%. The gap decreased to 55.1% in 1990, and further deceased to
21.7% by the end of the 1990s.

Phase 3: chaotic and weak regulations (1998–2004)

In this period, the energy efficiency improvements in China's
iron and steel industry were interrupted by some fluctuations and
even reversal of progress, as shown in Fig. 7. The energy intensity of
the whole industry actually increased for the first time in 2001. In
2001 and 2002, the industrial energy intensity was 1.4 tce per ton
and 1.35 tce per ton, both of which were substantially higher than
that of 2000 by 18.6% and 14.4% respectively. For key iron and steel en-
terprises, the energy intensity reduction stagnated and reversed in 2004
and 2005 according to the data from China's Iron and Steel Yearbook
(Fig. 4). The comparable energy intensity for key enterprises followed
suit.



Fig. 7. The institutional framework of energy conservation in iron and steel industry from 1997 to 2004. Notes: 1) solid line with arrow refers to direct regulations; 2) slashed line with
arrows refer to indirect regulations.
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At the heart of this reversal of progress was the chaos surrounding
regulatory agencies and the weakening regulation of energy conserva-
tion in China's iron and steel industry following government reforms
in both 1998 and 2003. The aims of the institutional reforms were to
simplify and streamline the administrative structure. In 1998, most of
the central ministries that used to regulate specific industry sectors
were abolished and their function shifted to the SETC (Yuan et al.,
2009). MMI, the agency responsible for the iron and steel industry in
China, was downgraded to a Bureau of Metal Industry affiliated with
the SETC and saw its staff cut in number from 300 to just 80. In 2000,
most industrial bureaus, including the Bureau ofMetal Industry, merged
into a new single Sector/Industrial Management Bureau affiliated with
SETC, with a further cut in staff from 80 to just 4 for the iron and steel
industry.4 Meanwhile, China's Iron and Steel Association (CISA) was
established in 2001. The 97 key large and medium iron and steel enter-
prises,whichwere regulated by the formerMMI,were transferred to be-
comemembers of CISA; however, thousands of local medium and small
iron and steel enterpriseswere not included in thenewCISA. Some staffs
working inMMI beforewere assigned towork in CISA. And a former vice
minister of MMI worked as the first president of CISA. However, as a
claimed professional association, the new CISA operates as a partly gov-
ernment agencywith regulatory function but without power. The influ-
ence that MMI used to exert on China's iron and steel enterprises was
substantially diluted. The system for gatheringdata on energy consump-
tion in iron and steel was also weakened during this transition.

Additionally, in 2003, SETC was merged into the State Development
and Planning Commission (SDPC), which was the successor of the SPC,
4 Interview, June 30th, in USA.
to solve the power competition and policy conflicts between these two
agencies (Jung, 2008). The SDPC eventually evolved into the National
Development and Reform Commission (NDRC). The State-owned
Assets Supervision and Administration Commission (SASAC) was
established to take on the ownership role for government over the
very large and important state-owned enterprises (Wang et al., 2012).
Industrial energy conservation policy has generally been under the
sole control of the NDRC, while the SASAC has a significant say in the
restructuring of the state industrial sector. The frequent restructuring,
rather than improving governance, has led to a progressive loss of con-
trol by the central government and a decline in the quality of gover-
nance regarding energy conservation in China's iron and steel industry.

The market demand for iron and steel began skyrocketing after the
turn of the century due to a series large infrastructure projects, such as
the Qinghai–Tibet railway, the South–North Water Diversion, West to
East gas transmission, andWest Development, as well as annual invest-
ments into highways of RMB200 billion. A significant increase in exports
since 2001 spurred by China's accession to the World Trade Organiza-
tion (WTO) and rapid urbanization were also heavily weighted toward
energy-intensive products (Kahrl and Roland-Holst, 2009). From 2000
to 2005, crude steel production in China increased by 35% annually
and the profit gained by iron and steel enterprises at that time
amounted to 20–30%. This market growth led profit-seeking firms' to
put their financial and human resources toward rapidly establishing
new production lines and expanding production capacity, assisted by
local governments who are eager to pump local GDP and employment.
By 2000, many large enterprises, which used to be required by law to
have energy managers, did not have these staff positions anymore, so
the enterprises consuming the most energy had lost the expertise (and
often the data) to assess and improve their energy efficiency.
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109F. Zhang, K. Huang / Energy for Sustainable Development 39 (2017) 101–114
The fast market expansion continued to incentivize a disproportion-
ately high number of small-scale plants to start operation. These small
plants are both inefficient users of energy and are highly polluting. Ac-
cording to the China Iron and Steel Association, the energy consumption
of China's large and medium firms in 2004 was 0.71 tce per ton of steel,
7.5% higher than that of Japan, which is 0.66 tce per ton, but the energy
consumption level of small production units was 1.045 tce per ton
(Wang et al., 2007). The rapid growth of small local and private firms
garnered enthusiastic support from local governments, whose officials
focused their efforts almost solely on GDP statistics, at the expense of
other concerns such as social welfare, resource management, techno-
logical and energy efficiency, and environmental protection. Competi-
tion between localities for investment and for sales revenue from key
enterprises exacerbated this phenomenon. In 2002, the production
growth of iron, steel, and materials from large firms were separately
18.2%, 12.8% and 18.7%, while these growth rates for local medium
and small firms amounted to 53.7%, 32.9% and 22.6%. This imbalance re-
sulted in localmediumand small sized firms accounting for 22.5% of na-
tional iron, 33% of national steel and 24.8% of national materials
production. The expanded contribution of medium and small sized
firms thus directly drove the industrial energy intensity increase be-
tween 1998 and 2004.

Phase 4: fragmented and market-oriented regulation (2005–present)

The reversal of progress on energy intensity in China alarmed the
central Chinese government, which recognized that uncurbed energy
consumption was unsustainable and presented serious problems. Spe-
cifically in the iron and steel industry, energy conservation measures
were greatly strengthened. In 2005, NDRC published China's first Na-
tional Iron and Steel Industry Development Policy, which proposed to
follow the circular/recycling economyand improve resource and energy
utilization levels in China's iron and steel industries. Later, additional
five specific measures were introduced to increase energy efficiency:
1) to update old facilities and equipment with new and advanced tech-
nologies; 2) to close outdated production capacity; 3) to set energy effi-
ciency as an energy benchmark for different products and processes;
4) to encouragemergers and acquisitions among firms; 5) to encourage
innovation and diffusion of six main generic technologies in energy and
resource conservations in iron and steel industry (commonly named
San gan san li yong), including blast furnace dry dedusting process,
coke dry quenching technology, converter dry dedusting process and
other three technologies in resource saving. As a result, in the 11th
Five Year Plan, China retired 120Mt. of outdated iron production capac-
ity and 72 Mt. of similar steel production capacities (National Energy
Conservation Center, 2011). The 12th FYP further specifies plans to
close 20 GW of small coal power plants, 48 Mt. of iron-making capacity
and 48 Mt. of steel-making capacity. The penetration rate of coke dry
quenching technology increased from less than 30% in 2005 to more
than 80% in 2010 (National Energy Conservation Center, 2011).

Meanwhile, some successful policy incentives, which used to be ef-
fective in the 1980s, were re-designed and even strengthened to moti-
vate energy efficiency improvements, including energy conservation
in the iron and steel industry. In 2008, theNDRC established the Nation-
al Energy Conservation Center (NECC), and provincial and local govern-
ments followed to establish all kinds of energy-efficiency monitor
centers, energy conservation technology centers, and encouraged the
establishment of energy conservation enterprises to provide policy re-
search, technology support, information services and supervision of en-
ergy saving projects. To date, there are already 21 energy conservation
service enterprises specifically targeting China's iron and steel industry.
Financial incentives for energy saving have also been reinforced since
2005. In the 11th FYP, the Ministry of Finance (MOF) and NDRC
established Special Energy Conservation Funds, and these funds were
used to award 200 to 250 RMB for every ton of coal equivalent an enter-
prise saved through the implementation of five of the Key Projects in
energy-intensive industries, coal-fired industrial boilers, district heating
using cogeneration systems, and buildings (MOF, 2007), and the stan-
dards were increased from 260 to 300 RMB for every ton of coal equiv-
alent in the 12th FYP.

Other new policy incentives have also been introduced for energy
conservation in industry, including in the iron and steel industry. In
2003, China conducted a pilot voluntary program in two steel plants in
Shandong Province. Following the pilot, in 2006, as one of the important
initiatives to reduce energy intensity nationwide, China launched the
Top-1000 Industrial Energy Conservation Program aiming to reduce en-
ergy consumption by 100 million tce during 2006–2010 (Liu, 2010).
There were nearly 260 iron and steel enterprises included in the top
1000 enterprises. Another incentive is the punitive electricity price policy
introduced by the State Council and NDRC in 2006. According to this pol-
icy, electricity consumption by the iron and steel industry, as well as an-
other seven energy intensive industries, will be charged at a 50% higher
rate, which means RMB 0.2 per kWh greater than the general level. In
2010, theNDRC further increased punitive electricity prices on energy in-
tensive industry. The electricity consumedby enterprises in outdated sec-
tors will be charged RMB 0.1 per KWmore, and the electricity consumed
by enterprises in limited sectors will be charged RMB 0.3 per KWmore.
To curb the growth of low value iron and steel products exports, the
MOF,with the approval of the State Council, decided to cancel the original
9% export tax rebate of hot-rolled, plate, hot and cold strip, and steel.

The regulatory framework (Fig. 8) in China's iron and steel industry in
this period continued to be fragmented even as the Ministry of Industry
and Information Technology (MIIT) was established in 2008 to regulate
industrial sectors, including for iron and steel, cement, petroleum,
chemicals. MIIT was supposed to supervise energy conservation in in-
dustrial sectors, but it was never backedwith sufficient authority and re-
sources to actually perform this task. On the contrary, the NDRC
remained in charge of the main energy conservation projects and finan-
cial distributions as the Top 1000 enterprises and Ten Projects indicate.5

Meanwhile, the regulation of state-owned iron and steel firms' activities
also involved the SASAC, which holds ownership and control over the
managerial appointments of these firms, and SASAC also plays a role in
industrial energy conservation. The major problem that remains is the
bureaucratic structure of the high ranking energy authorities and
coordination between NDRC, MIIT and SASAC. This “fragmented
authoritarianism” produces inter-ministerial competition and disjointed
policymaking because ministerial units have separate missions and
equal levels of authority (Lieberthal, 1992).Whatmakes it more compli-
cated is that the central agencies including the NDRC, MIIT, and SASAC
have the same bureaucratic rank as that of the provincial government.
The local subsidiaries of the central agencies and the line ministries are,
more often than not, subject to dual leadership, with the local govern-
ments dominating the cross-cutting command chains. Thus, the formula-
tion and implementation of energy conservation policy in the iron and
steel industry also suffered from competition between central agencies
and local governments. Not only has this been a major coordination fail-
ure in the Chinese bureaucracy preventing a unified energy conservation
strategy and leading to poor policy implementation, it has also meant
that energy players have found it easier to circumvent regulations as
each bureaucratic organ tends to support the steel firms it chooses. For
example, despite the central government's strong intention to close out-
dated small iron and steel firms or facilities, the local governments were
quite reluctant to close them and many remained in operation. Even
now, the fragmented and uncoordinated energy-efficiency regulatory
framework continues to hinder industrial energy intensity reduction.

Institutional factor and energy intensity changes: abating or augmenting?

The regulatory change review indicates three types of institutional
changes took place in the iron and steel sector across the last thirty



Fig. 8. The institutional framework of energy conservation in the iron and steel industry from 1997 to 2004. Notes: 1) solid linewith arrow refers to direct regulations; 2) slashed linewith
arrows refer to indirect regulations.
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years, leading to different impacts of regulatory changes on the energy
use in China's iron and steel industry, that's regulation decentralization,
market liberalization, and agency fragmentization. The evolution of en-
ergy intensity in China's iron and steel sectors reflected both augment-
ing and abating effects of the changes on these three dimensions. For
instance, regulation decentralization, throughwhich regulatory author-
ity and ownership of SOEs were lowered down to local governments,
stimulated the proliferation of dirty, unsafe, and inefficient local iron
and steel firms, thereby increasing the energy intensity. Gradualmarket
liberalization, including both the corporatization and privatization of
large SOEs, increased the incentives of firms themselves, creates more
economic competition, and thus encouraged firms to adopt cleaner
Table 3
Institutional changes and energy intensity changes: abating or augmenting?

Institutional
changes

Phase 1 Phase 2

Regulation
decentralized

Centralized regulation by MMI
with administrative instruments,
e.g. quotas (↓)

The ownership of most SOEs w
given to local governments. M
authority over personnel
appointments and material
allocations(↑)

Market
liberalization

Almost all iron and steel firms
are SOEs, lacking autonomy and
incentives (↑); energy resources
were allocated (↑)

Corporatization increases the
autonomy of SOEs in technolo
innovation (↓); coal prices ref
occurred in the industrial sect

Fragmentization of
agencies

Centralized regulation by MMI
with a hierarchical system(↓)

The regulation authority of M
greatly weakened(↑)

Performance of energy
intensity reduction

Quick energy intensity reduction
(↓)

Slow energy intensity reducti

Notes: 1) ↓ refers to a abating effect to reduce the energy intensity; 2) ↑ refers to an augmenti
and more efficient production process and measures. Increasing frag-
mentation of regulatory agencies, combined with regulation decentral-
ization, weakened the implementation of regulatory policies, especially
traditional command and control policies which are highly dependent
on the up–down authority, undermining the effectiveness of energy ef-
ficient policies in the sector.

The aggregate effects of these three institutional changes deter-
mined thefinal outcomes of regulatory framework changes on the ener-
gy intensity (see in Table 3). For instance, in the first stage, a centralized
regulation system dominated by MMI could intervene into the energy
management and operation of iron and steel firms by using administra-
tive instruments, and directly forced firms to reduce energy waste
Phase 3 Phase 4

as
MI lost

Rapid increase of small-scale firms
under the protection of local(↑),
discontinuity of policies(↑)

Rapid increase of small firms
under the protection of local(↑),
plus numerous new policies l (↑)

gy
orm
or (↓)

Privatization of SOEs and market competition increases incentives of SOEs
in energy conservation (↓)

MI was MMI replaced by CISA, leading to
discontinuity of policy
implementation (↑)

Regulation authority are
fragmented under different
agencies, including NDRC,
MIIT, SASAC(↑)

on(↓) Reversing with increase of energy
intensity (↑)

Energy intensity reduction (↑)

ng effect that increase the energy intensity of the sector.
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phenomenon. This abating effect was effective and substantial, and
overcame the augmenting effects resulting from the SOE-dominated
ownership structure and energy wastes due to centralized allocation
of energy, driving the energy intensity down. In the third phase, the cen-
tralized systemwas broken down and local governmentwho is eager to
pump local GDP replaced a strong MMI. This change leads to a boom of
small-size and less energy efficient iron and steel firms, pushing up the
energy intensity up. The regulation discontinuity caused by chaotic bu-
reaucratic changes simultaneously exaggerated the augmenting effect
and finally let the augmenting effects shadowed the abating effect
resulting from the privatization of SOEs. As a result, a reversing trend
of the total energy intensity reduction took place in the whole sector.

Assessment of factors shaping the energy intensity changes in
China's iron and steel industry

As discussed above, the regulatory framework and policy changes
are crucial factors shaping energy intensity changes. Technological
progress, market expansion, and energy prices also significantly influ-
ence energy usage in China's iron and steel industry. These factors usu-
ally interact with each other, and it is difficult to analytically separate
them. For example, regulatory framework changes could directly induce
enterprises to change their energy use behaviors and reduce energy
intensity, but meanwhile they can also shape energy intensity by incen-
tivizing technological progress or influencing the implementation
complementary of public policy. And other public policies, such as tax-
ation to increase or reduce energy prices, can also be influential. This sit-
uation implies that we need to carefully consider the problem of
multicollinearity among these variables in ourmodels and data analysis.
Here we will follow the Fisher-Vanden et al. (2004) and Hang and Tu
(2007) models to assess the effectiveness of these factors shaping
energy intensity changes in China's iron and steel industry.

Model

We followed Fisher-Vanden et al. (2004) andHang and Tu (2007) to
construct the estimation equations for our model, which were based on
cost minimization and the following the Cobb–Douglas cost function:

C PK ; PL; PE; PM;Qð Þ ¼ A−1P∝K
K P∝L

L P∝K
E P∝M

M Q ð1Þ

Where Q is the quantity of output, PK is the price of capital input, PLis
the price of labor input, PE is the price of energy input, PM is the price of
materials input, and Xα is the elasticity of input X (X=K, L, E,M). Based
on literature and the analysis in the Changes to the institutional frame-
work section, the productivity term A can be defined as

A ¼ expðθ ln Technology innovationð Þ þ δ ln Market competitionð Þ
þ φ ln Market growthð Þ þ ∂ ln Policy incentiveð Þ þ μ ln ownershipð Þ
þ Before2003þ Before2003

ð2Þ

Where Technology_innovation is the technology innovation and
progress of China's iron and steel industry, Market_competition repre-
sents market competition in the iron and steel industry,Market_growth
refers to the growth speed of production, Policy_incentive represents
government support for conservation in the iron and steel industry,
andOwnership is the ownership change,which is a structural factor con-
tributing to productivity. Finally, Before 1998 and Before 2003 represent
regulatory reform prior to the respective years.

From Shephard's lemma, we know that the factor demand for an
input is equal to the derivative of the cost function with respect to the
input price. We derived the factor demand for energy:

E ¼ ∝EA
−1P∝K

K P∝L
L P∝K

E P∝M
M Q

PE
ð3Þ
Assuming

PQ ¼ P∝K
K P∝L

L P∝K
E P∝M

M ð4Þ

Where, we simplified Eq. (3) as.

E ¼ ∝EA
−1PQQ
PE

or
E
Q

¼ ∝EA
−1PQ

PE
ð5Þ

Substituting for A defined above and taking the log of both sides, we
obtained the following estimation equation:

ln
E
Q

� �
¼ ∝þ θ0 ln Technology innovationð Þ þ δ0 ln Market competitionð Þ

þ φ0 ln Market growthð Þ þ ∂0 ln Policy incentiveð Þ þ μ 0 ln ownershipð Þ
þ β ln

PE

PQ

� �
þ πBefore1998þ ρBefore 2003þ ε

ð6Þ

Empirical specification and data

Data used in these equations are from time-series data sets collected
from 1980 to 2010. The data are from China's Iron and Steel Industry
Book, China's Statistic Yearbook, China's Science and Technology
Yearbook, and the Chinese Low Carbon Development Report (2013).

Energy intensity variables
Energy intensity variables include industrial energy intensity, energy

intensity for key enterprises and comparable energy intensity for key
enterprises. Energy intensity data for key enterprises are from China's
Iron and Steel Industry Yearbook. The industrial energy intensity data
before 2000 are from China's Iron and Steel Industry Yearbook. And as
the energy intensity data for the whole industry are not covered by
China's Iron and Steel Industry Yearbook, the industrial energy intensity
data after 2000 are from the Chinese Energy-Saving and Electricity
Saving Report 2010, Dou (2008) and Metal Research Institutions.

Technology innovation variables
R&D investment or patent data are often used to represent technol-

ogy innovation. However, as the R&D investment and patent data
available cover only the period from 1986 to 2010, we use instead the
adoption rate of BOF and the ratio of continuous casting to represent the
technological innovation of China's iron and steel industry. These
indicators may be better variables given that they are not affected by
Chinese government patenting incentives, which could skew the
innovation results.

Institutional variables
Given the drastic changes in the regulatory framework over time in

China, especially in 1998 and 2003, we introduce two dummy variables
to capture the differences in institutional effects over different periods
of time. The value of the dummy variable, Before1998, is 1 before 1998
and 0 after 1998. And the value of the other dummy variable, Before
2003, is 1 before 2003 and 0 after 2003.To illustrate the corporatization
of China's iron and steel firms, we use another institutional variable,
Ownership, which is defined as the percentage of gross industrial output
represented by state-owned enterprises, to represent the extent of
privatization.

Government policy variable
The government policy variable mainly represents energy conserva-

tion investments by the Chinese government in China's iron and steel
industry. As it is impossible to separate the data for China's iron and
steel industry, we here use the whole energy conservation investment
(based on 1980 price) from China's government instead. We assume
that the more financial support for energy efficiency there was from
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government, the more the iron and steel industry would adopt energy
efficiency measures.

Energy price variables
Energy price variables include the coal price and the electricity price.

These prices take the form of relative price. These data are from China's
Statistic Yearbook. The punitive electricity price policy was introduced
in 2006 and adopted in 2010. We also adjusted the electricity price for
the iron and steel industry according to the rate of punitive electricity
price in each year since 2010.

Revised equations
We first had to address the relevant problem of endogeneity.

Endogeneity could result from the relationship of energy intensity and
energy price (e.g., a decline in energy intensity would lead to a decline
in the demand for energy, which in turn would lead to a decline in
energy prices). Another way endogeneity could result is from the rela-
tionship between energy intensity and energy efficiency investment
fromgovernment. To avoid the problemof endogeneity here,we adjust-
ed Eq. (6) to create Eq. (6a) by using the data from the previous year in
place of that of the current year for the price variables and for energy ef-
ficiency investment from government. By doing so, we expected that
the current energy intensity would not cause the energy price changes
from the prior year. The revised estimation equations are as follows:

ln
E
Q

� �
¼ ∝þ θ0 ln Technology innovationð Þ þ δ0 ln Market competitionð Þ

þ φ
0
ln Market growthð Þ þ ∂0 ln Policy incentiveð Þ þ μ 0 ln ownershipð Þ

þ β ln
PE

PQ

� �
t−1

þ πBefore1998þ ρBefore 2003þ ε

ð6aÞ

Results and analysis

We use the above equation to assess the impacts of different factors
on industrial energy efficiency, energy efficiency for key enterprises, and
comparable energy efficiency for key enterprises with the data from
1980 to 2010. To avoid the possibility of multicollinearity among these
variables,we tried variousmodels through the adoption/deletion of cer-
tain variables. After carefully comparing the results from different
models, we finally obtained the estimation results shown in Table 4, in
which Before1998, Before 2003 and market concentration were deleted
in allmodels,market growth ratewas deleted inModel 1, and electricity
price was deleted in Models 2 and 3 as we anticipated above. Our main
results are listed in Table 4.

(1) The significance of the technology innovation variable—Ratio_
of_BOF, confirms the effect of scientific and technological
progress on energy use in the iron and steel industry. The
Table 4
Determinants of energy intensity in the iron and steel industry in China.

Variables Model 1 Model 2
Dependent variable Ln(Industrial_energy_efficiency) Ln(Energy_effi

Independent variable
Ln (ratio_of_BOF) −0.592⁎⁎⁎ −0.560⁎⁎⁎

Ln(ln_Market_growth_rate) 0.106⁎⁎ −0.045
Ln(Pcoal/Pmetal)t − 1 −0.196⁎⁎⁎ −0.177⁎⁎⁎

Ln(Energy_efficiency_investment)t − 1 −0.080 −0.154⁎⁎

Ln(Ownership) 0.268⁎⁎⁎ 0.181⁎⁎⁎

N 30 30
R2 0.969 0.982
Adjust R2 0.962 0.978
F 143.853⁎⁎⁎ 249.025⁎⁎⁎

Note: (1) The figures in parentheses are t-values.
⁎ Significant at the 10% level.
⁎⁎ Significant at the 5% level.
⁎⁎⁎ Significant at the 1% level.
negative relationship between technological progress and ener-
gy intensity indicates that technological progress works as a
major driver for the energy efficiency improvements in China's
iron and steel industry. Additionally, we can further infer that
scientific and technological progress is the biggest factor behind
energy efficiency change as its standardized co-efficient of
Ratio_of_BOF is the largest of all three models. This finding rein-
force the similar conclusions of former research, such as Rock
and Toman (2015) and Fisher-Vanden et al., 2016) by controlling
the policy regulations and institutional changes.

(2) The institutional variables – the two dummy variables,
Before1997 and Before 2003 – were deleted due to the
multicollinearity that was expected. However, the impact of
Ownership evidentially is another significant driver of energy in-
tensity reductions. The positive sign of Ownership in Model 1
and Model 2 suggests that the privatization of stated-owned en-
terprises actually incentivized energy-intensity reductions in the
iron and steel industry and key enterprises in China.

(3) The impact of rising coal prices on energy use in China's iron and
steel industry is confirmed by the negative sign of the coefficient
of the coal price in all the threemodels. As we expected, the iron
and steel enterprises in China's iron and steel industry are indeed
sensitive to coal-energy prices. When facing rising coal prices
andmarket shortages,firms tend to reduce their energy intensity
so as to reduce their energy costs. That provides the rationale for
the punitive electricity price policy, and perhaps an additional
punitive coal price or resource tax policy to advance energy effi-
ciency in the future.

(4) The coefficients of energy-efficient investments from govern-
ment are negative and statistically significant in Model 2 and
Model 3. This suggests that with more financial incentives from
government for firms to save energy, the key iron and steel en-
terprises will be more active in reducing their energy intensity.
It is interesting is that the coefficient of energy efficiency
investments from government is not significant in Model 1.
This implies that government financial support for energy con-
servation actions is more effective for key enterprises, rather
than the whole industry, which includes thousands of small
and medium enterprises. An explanation may be that most key
enterprises are state-owned and the main recipients of energy
efficiency investments from the government, so they would be
more sensitive to the financial support from the government.

(5) The market growth rate is significant in Model 1 and shows
a negative relationship with energy efficiency for the whole
industry. However, this variable is not significant in Models 2
and 3. This suggests that extremely fastmarket growthwould in-
crease industrial energy intensity, but it has no impact on key en-
terprises. The reason behind this may be that medium and small
Model 3
ciency_for_key_enterprise) Ln(Comparable_energy_efficiency_for_key_enterprise)

−0.646⁎⁎⁎

−0.066
−0.130⁎⁎

−0.250⁎⁎⁎

0.021
30
0.968⁎

0.961
134.854⁎⁎⁎
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sized iron and steel enterprises will be more sensitive to market
growth and be attracted to enter into the iron and steel industry.
These firms are usually poorly equipped and consume more en-
ergy. Additionally, it may also indicate that fast market growth
distracts firms from their energy efficiency efforts in favor of
production-capacity expansion.

Discussion and conclusions

While China's declining energy intensity is often explained in terms
of structural factors and energy prices (Crompton andWu, 2005; Hang
and Tu, 2007), this research tries to explore themain drivers behind the
energy intensity changes in Chinese iron and steel industry, and partic-
ularly the role of government.

The detailed institutional analysis confirmed institutional changes as
a crucial force shaping energy intensity changes in China's iron and steel
industry. Rather than a simple one-way effect, institutional changes had
both augmenting and abating effects on the energy intensity changes
through three channels — regulatory decentralization, market liberali-
zation, and regulation fragmentation. Augmenting effects were also ob-
served when the regulatory authority was decentralized from the
central government to local government as this trend stimulated the
proliferation of dirty, unsafe, and inefficient local iron and steel firms.
Augmenting effects also take place when the regulation authority be-
come more fragmented, which often involved coordination challenges
and conflicts between agencies and undermined the implementation
of regulatory policies. Market liberalization through the corporatization
and privatization of large SOEs and liberalization of the energy market
had an abating effect on the energy intensity changes in China's iron
and steel sector. Thesemarket liberalization efforts increased the incen-
tives for firms themselves to conserve energy in order to reduce their
production costs, and created more economic competition that encour-
aged firms adopt cleaner and more efficient production process and
measures. There is no simple answer to whether the institutional
changes increased or decreased the energy intensity of the Chinese
iron and steel sector. The final outcome is dependent on the combined
effects of both augmenting and abating forces. The quantitative analysis
confirms the impact of regulatory framework changes on the energy in-
tensity reductions in China's iron and steel sector. It identifies the abat-
ing effect of privatization; but it could not determine the augmenting
effect due to lack of appropriate variables. Future research should be un-
dertaken to resolve this insufficiency.

Government policies are another key driver of energy intensity re-
ductions in China's iron and steel industry. Our findings indicate that
the government policies, especially government funding, translated
into energy intensity reductions in the key enterprises in China's iron
and steel industry, but seems to be ineffective at reducing energy inten-
sity for the sector as a whole. This finding reminds us to reflect on the
design and implementation of industrial energy efficient policies in
China. After 2005, traditional energy efficient polices aiming to increase
energy efficiency were redesigned and strengthened in line with the
Chinese government's determination to reduce energy intensity. For in-
stance, the government provided generous subsidies, issued energy ef-
ficiency standards, and launched quasi-regulatory programs (such as
Top 1000/Top 10,000 Enterprises Action) to incentivize firms to work
on energy savings. These policies, however, are regulation-based and
highly dependent on the authority of governments, which is not compa-
rable with the current decentralized and fragmented regulatory frame-
work. As a result, these policies cannot reach to firms who are on the
edge of the government interventions, especially relative small and pri-
vate enterprises. To broaden its influential scope in the future, the gov-
ernment should shift from the current regulation-based approach to
more marked-based policies.

Surprisingly, the quantitative analysis identifies technological prog-
ress, specifically the process innovation from OHF to BOF, as the biggest
driver of energy-intensity reductions in China's iron and steel industry.
The robustness of this finding is reinforced by the fact that the quantita-
tive model includes both institutional changes and policy instruments.
Thisfinding provides a very important policy implication that, to further
reduce energy consumption, China's steel industry should achieve an-
other round of technology leapfrogging from BOF to the muchmore ef-
ficient EAF, and simultaneously increase adoptions of other energy
efficient technologies in both production methods. The deployment of
EAF in China was growing extremely slowly, and growth is even de-
creasing, forming a reversing “U” growth curve rather than following
an “S” growth curve. The constraints on EAF in China include limited
scrap supply, weak policy incentives and even discriminatory policies.
One immediate policy implication for China's policy makers is to differ-
entiate BOF and EAFwhen designing and implementing energy efficien-
cy policies in China's iron and steel industry, rather than to use one-size-
fits-all approach. Energy efficiency policies, such as subsidies, electricity
tariff policy, and efficiency standard, should differentiate between BOF
and EAF. EAF should also be supported by supplementary plans to
help build recycling systems and other necessary infrastructure.

Additionally, similar to previous studies, the effect of energy prices –
mainly the coal price – impacts on energy use in China's iron and steel
industry. This finding is not surprising as coal accounts for 20% of the
cost of iron and steel production, and is in accordance with earlier re-
search that shows energy efficiency is closely related to this price (for
example in: Fan et al., 2007; Rühl, 2008; Tang et al., 2010; Okazaki
and Yamaguchi, 2011). We also find a negative relationship between
market growth and reduction of energy intensity in the iron and steel
sector. Since the iron and steel market is likely to continue growing in
the future, it is important to make sure this expansion does not result
in a tradeoff with energy efficiency.
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