
CHAPTER 2

HowDoes State Policy Shape East Asia’s Steel
Industry? A Selective Review

Jie Yang

1 Introduction

Steel is the most widely used metal and the most recycled material in
the world. The steel industry employed more than six million people
worldwide in 2017, and the total added value of its production processes
reached almost 500 billion dollars (Oxford Economics 2019). U.S. firms
dominated steel production in the first half of the twentieth century,
but leadership1 in the steel industry shifted to Japan in the late 1970s
and then possibly to the Republic of Korea or China (Lee and Ki
2017; Lee and Malerba 2017). Since the beginning of the 2000s, the
major Asian economies—Japan, the Republic of Korea, and China—have

1Lee and Malerba (2017) define “leadership” as industrial leadership in terms of the
domination of global markets in an industry, with such domination being assessed through
a combination of measured market share and industry expert evaluations.
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accounted for more than one-third of the world’s crude steel production
and apparent consumption of either crude steel or finished steel products
(Lee et al. 2005). According to Fig. 1, the apparent use of finished steel
products in Asia grew by 52% to approximately 1,169 million tons from
2009 to 2018, mostly driven by China’s rapid growth in steel demand
(51.4%). China, Japan, and the Republic of Korea are also the major steel
exporters, accounting for 30% of 2018 global steel exports measured by
quantity (World Steel Association 1967–2019).

The iron and steel industry presents one of the most energy-intensive
sectors within East Asian economies, especially in emerging economies
such as China. Since the first oil crisis in 1973, Japan’s steel industry
has intensively invested in technology for better energy conservation
in production processing and to collect energy, allowing Japan’s steel
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Fig. 1 Apparent use of finished steel products in million tons (Note C.I.S.
indicates Commonwealth of Independent States. This figure presents the change
in the apparent use of finished steel products from 2009 to 2018 for nine of
the world’s largest steel-consuming economies in Asia, Europe, the CIS region,
North America, and South America, which together account for more than 90%
of global steel demand. Steel demand in China is presented separately to explain
the dramatic growth in Asia. Source World Steel Association [1967–2019])
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industry to achieve significant energy conservation and energy effi-
ciency (Nippon Steel Corporation 2020). Figure 2 presents international
comparisons of energy efficiency in 2015, with Japan assigned the world’s
highest energy efficiency, followed by the Republic of Korea, Germany,
and China. However, the global steel industry is facing increasing pressure
to reduce its significant emissions. In 2019, the steel and cement sectors
accounted for approximately 17% of total CO2 emissions from energy and
industrial sources, which are difficult to decarbonize because of technical
and political economy barriers (United Nations Environment Programme
2019). The Paris Agreement 2-degree scenario requires the iron and steel
industry to reduce CO2 emissions by 50 Gt cumulatively through 2050,
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Fig. 2 Energy efficiency in steelmaking by country (2015) (Note This figure
illustrates international comparisons of energy efficiency [sectors of electricity
generation, iron, steel, and cement] and indexes with Japan set at 100. The
original Japanese translation data and numerical values were provided by the
Japan Iron and Steel Federation. Source This dataset is collected from the Nippon
Steel Sustainability Report 2020, and the original source is the Research Institute
of Innovation Technology for the Earth [RITE])
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thereby contributing the largest share (35%) of carbon emission reduc-
tions among all industrial sectors (Tian et al. 2018). The production level
and the technologies employed are decisive factors for energy use and
carbon emissions, while policy settings affect structures and efficiencies
within the steel sector.

Issues of productivity growth, structural composition, and the role of
technological change in the iron and steel sectors have been discussed
from various perspectives in the previous literature. This chapter focuses
on key policy changes in East Asia’s steel industry. The governments
of Japan, the Republic of Korea, and China have always attached great
importance to the development of the iron and steel industry. The guid-
ance and intervention of institutional policies in East Asia’s iron and steel
industry are considered to be highly targeted and efficient. To under-
stand the growth mechanisms and barriers in East Asia’s steel industry,
the similarities and differences between the institutional policies in Japan,
the Republic of Korea, and China and their relationship with current
issues are discussed, which may help identify potential future development
strategies that lead to a more sustainable development path.

2 Key Policy Drivers of Productivity Growth

2.1 Drivers of Productivity Growth in Japan

The postwar economic achievements of Japan and the Republic of Korea
have received considerable attention, and extensive economic research has
been conducted on the factors influencing Asian catch-up at the country
and industry levels. Lee and Malerba (2017) build on the previous
literature and propose a conceptual framework of technology windows
(technology and knowledge), demand windows (demand conditions and
business cycles), and institutional windows (public policy and institutional
settings) that are related to changes in a sectoral system. In terms of the
steel industry, Lee and Malerba (2017) note in their study that the steel
industry experienced two catch-up cycles. The first was from the United
States to Japan in the late 1970s and early 1980s, and the second was
from Nippon Steel to POSCO in the Republic of Korea during the late
1990s. The leadership shift from the United States to Japan involved tech-
nological and institutional windows. Japanese firms adopted the Austrian
innovation of the basic oxygen furnace (BOF) method at an early stage
and further improved this method through follow-on innovations (Lee
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and Ki 2017). The Japanese government was also involved by estab-
lishing an approval system for licensing foreign technology, which helped
Japanese steelmakers engage in the BOF method at a low cost (Elbaum
2007). Furthermore, the demand for steel was driven first by postwar
reconstruction and then by Japan’s rapid urbanization and construction
and export of steel-intensive products.

Figure 3 shows the growth in crude steel production and GDP since
the Second World War. Postwar steel production in Japan can be divided
into two phases: a high increasing stage (1965–1973) and a fluctuation
and reduction stage (1973–now). Japan’s steel industry experienced the
expansion of crude steel production and improved ironmaking between
1967 and 1973, which is the high increasing stage, as shown in Fig. 3.
During the first phase, crude steel production exhibited annual increases
of more than 10%, exceeding GDP growth (Smil 2016). Both Wilson
(2013) and Smil (2016) emphasize the influence of the three rationaliza-
tion plans by the Ministry of International Trade and Industry (MITI)
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Fig. 3 Trend in total crude steel production in Japan, 1967–2019 (Note Data
on GDP are in constant 2010 U.S. dollars and converted from domestic curren-
cies using 2010 official exchange rates. Source The crude steel production dataset
is from World Steel Association [1967–2019], and the GDP dataset is from World
Bank [1967–2019])
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between 1951 and 1965, which guided the postwar development of
the Japanese steel industry. The first two rationalization waves of the
1950s concentrated investments in upgrading rolling mills to new inte-
grated mills, which reduced coke inputs and boosted productivity (Wilson
2013). Furthermore, MITI also shared information with firms on foreign
markets, technology, and plans for domestic economic expansion, making
it easier for Japanese firms to acquire foreign technology at a low cost
and contributed to industry competitiveness (Elbaum 2007). During the
third rationalization plan in 1960, MITI started to instruct steel firms to
develop investment plans largely on their own, and its role in this process
was limited to assisting with firm negotiations (Wilson 2013). Moreover,
to sustain interfirm coordination, significant concentration was achieved
through the establishment of the Nippon Steel Corporation2 in 1970
and was immediately recognized as the world’s largest steel firm. Nippon
Steel also became the industry price leader and established a system of
price coordination and promoted the consolidation of the Japanese steel
industry. In 1973, crude steel output in Japan reached 100 million tons,
and Japan ranked first in the world in 1995 (World Steel Association
1967–2019). The new Nippon Steel Corporation3 was formed from the
merger of the old Nippon Steel and Sumitomo Metal in 2012, further
increasing the steel industry’s concentration, and the company has been
one of the top 5 steel producers in the world for the last two decades.
Japan’s long record of industrial policy intervention and its industrial
coordination pattern of state-firm and firm-firm cooperation were crit-
ical factors in the rapid growth of the steel industry and contributed to
shaping mineral resource networks abroad (Elbaum 2007; Wilson 2013;
Smil 2016).

The Japanese economy took a sudden turn and entered a stagna-
tion period after the first oil shock in 1973, and crude steel showed the
same downward trend as the economy. Japan’s postwar steel production
first peaked in 1973 and then fluctuated mainly between 95 and 110
million tons because of the oil shocks of the 1970s, the high value of the
yen after 1986, and the rise of Chinese steelmaking in the 1990s (Smil
2016). During this period, iron and steel development in Japan was highly

2The Nippon Steel Corporation was established in 1970 from the merger of Fuji Iron
& Steel and Yawata Iron & Steel.

3The new Nippon Steel Corporation is called Nippon Steel and Sumitomo Metal
Corporation (NSSMC).
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focused on technology introduction and innovation for energy savings
and production efficiency improvement, which promoted a rapid increase
in the competitiveness of Japan’s iron and steel industry. Furthermore,
tremendous effort was invested in the supply of high-value products in
response to the requirements of the automobile industry (Smil 2016).
Despite the fluctuation and decline during the second phase, the Japanese
steel industry remains the most competitive in the world. In addition to
technology improvements and demand for high-quality steel products,
a series of highly targeted policies since the 1970s have also played a
decisive role in promoting the downsizing of operations and improving
profitability through the elimination of excess and inefficient capacity
and the accompanying reductions in employment. Section 5 provides an
overall review of the reduction policies in Japan, the Republic of Korea,
and China.

2.2 Drivers of Productivity Growth in the Republic of Korea

By the 1990s, the Republic of Korea was a major player in the global
economy. Together with this economic achievement, the steel industry
grew dramatically. Figure 4 shows the trend in total steel production and
GDP in the Republic of Korea from 1965 to 2019. The steel industry
contributed to shaping the Republic of Korea’s rise from a low wage, light
industry base to a world leader in advanced industries (Shin and Ciccantell
2009). Figure 4 shows that the catch-up cycle for the steel industry in the
Republic of Korea, which is the industry’s second postwar catch-up cycle,
is divided into four phases. The first is the entry stage (1968–1972), when
the steel industry’s development was fueled largely by government poli-
cies. Pohang Iron and Steel Company (POSCO) was established in 1968
by the government, and it received extensive government support from
the beginning. The “Steel Industry Promotion Law”4 of 1970 granted
POSCO numerous benefits, including low-cost and long-term foreign
capital, discounts for electricity and rail transport, and limits on steel
imports (Shin and Ciccantell 2009).

The second phase is the gradual catch-up stage (1973–1986), in
which Pohang Steelworks began producing steel in 1973 and expanded

4The Republic of Korea’s policy to promote heavy industries in the early 1970s included
iron and steel, shipbuilding, nonferrous metals, chemicals, general machinery, electrical
equipment, and electronics.
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Fig. 4 Trend in total crude steel production in the Republic of Korea, 1967–
2019 (Note Data on GDP are in constant 2010 U.S. dollars and converted from
domestic currencies using official 2010 exchange rates. Source The crude steel
production dataset is from World Steel Association [1967–2019], and the GDP
dataset is from World Bank [1967–2019])

production capacity through 1983 (Chung and Sa 2017). During this
phase, which followed two oil shocks, POSCO was able to purchase
and import new technologies at a low cost from Japan and consequently
obtained comparative competitiveness (Lee and Malerba 2017). Policies
were implemented to nurture heavy industries,5 which significantly drove
up steel demand. The government also provided various administrative
supports, including domestic loans, foreign borrowing, special deprecia-
tion allowances, and very low tax rates (Chung and Sa 2017). As a result,
POSCO secured international loans with low interest rates to construct
a second steel mill at Kwangyang in 1981. After four expansions, the
Kwangyang mill had a capacity of 11.4 million tons of steel, bringing
POSCO’s total capacity to 20.5 million tons (Shin and Ciccantell 2009).

5These policies focused on six sectors, including steel, petrochemicals, machinery,
shipbuilding, electronics, and nonferrous metal.
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The third phase is the forging ahead stage (1987–1997)—a period
of rapid development for POSCO at the technology level, and POSCO
secured a greater cost advantage (Chung and Sa 2017). As a large
state-owned firm, POSCO required frequent involvement and subsidies
from the government, as before, to support massive capital investments
and technological innovation. During this phase, POSCO’s supply of
domestic steel experienced a tremendous rate of increase of 9.8%, which
supported the continuous growth of the economy (World Steel Associ-
ation 1967–2019). POSCO continually expanded its capacity, and the
steel industry supported the development of a number of complemen-
tary industries, such as automobiles, shipbuilding, containers, railroads,
construction, and appliances, spurring a virtuous cycle of economic
growth during the last three decades (Shin and Ciccantell 2009). For
instance, the automobile industry in the Republic of Korea produced
approximately 2.8 million vehicles (more than 1.5 million were exported)
by 1999, and POSCO sold approximately 3.5 million tons of steel to the
industry (Shin and Ciccantell 2009). Moreover, the appliance industry
produced various home appliances during the urbanization period and
consumed significant amounts of steel. Projects in the construction
industry, including building infrastructures, such as highways and bridges,
commercial building construction, and residential construction, also use
huge amounts of steel. Furthermore, important to mention is that to
secure the expanded use of imported raw materials, the Republic of
Korea’s steel industry adopted strategies similar to those of the Japanese
steel industry by constructing larger steel mills equipped with the newest
facilities and technologies to obtain economies of scale. Long-term
contracts, multiple raw material sources, and international joint invest-
ments were developed as well to secure raw materials use (Shin and
Ciccantell 2009; Wilson 2013).

The fourth phase is the reduction stage (1998–now), when steel
production began to slow. Lee (2003) considered the Asian financial crisis
in 1997 as one of the most important turning points for the steel industry
in the Republic of Korea. Although the steel industry was not hit hard by
this crisis, the government recognized the limitations of government-led
operations in expanding the economy and attempted to shift to a more
market-led economy. After this crisis, the government enacted substantial
restructuring in the financial, corporate, labor, and public service sectors,
although the total production capacity continued to increase immediately
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after the crisis. One of the big moves in the steel industry was the privati-
zation of POSCO in 1998, a transformation that was completed in 2000.
The detailed capacity reduction measures taken by the government and
steelmakers are introduced in Sect. 5.

In summary, during the entire growth process of the steel industry
in the Republic of Korea, the government’s role has been crucial as a
guide and director in planning, financing, and evaluating for the industry;
these activities included its export-oriented growth policy, the monopo-
listic position of POSCO in the industry and economy, the support of
extensive technological and organizational innovations, and securing raw
materials (Shin and Ciccantell 2009).

2.3 Drivers of Productivity Growth in China

China’s rise has been the most important change in the global steel
industry in the last two decades, and institutional changes have occurred
in the Chinese steel industry. In terms of scale, China’s iron and steel
industry has already quantitatively caught up but remains far from
achieving the qualitative leap needed to catch up and lead in competitive-
ness (Li 2020). Similar to Japan and the Republic of Korea, government
policies have had a crucial impact on the steel industry’s development
course in China. As shown in Fig. 5, the development of China’s steel
industry also experienced four phases that accompanied rapid economic
growth. The first phase is the exploration stage (1965–1979), and the
second phase is the stable development stage (1979–1996). This period
represented the start-up stage of China’s iron and steel industry, which
then showed stable development for more than 20 years.

Since the introduction of market-based economic reforms in 1978, the
Chinese economy has grown strongly, recording average annual growth of
approximately 10% (World Bank 1967–2019). During this second phase,
Chinese steel production also expanded rapidly, growing at an average
of 7% annually during the 1980s, 10% during the 1990s, and close to
20% in the 2000s (Li 2020). Meanwhile, China’s crude steel output
broke through 100 million tons in 1996, reaching 10.12 million tons,
and China became the largest steel producer in the world (World Steel
Association 1967–2019). China’s economy developed rapidly, leading to
constantly increased demand for iron and steel, and the reform removed
some of the previous institutional and systematic obstacles, the plan-
ning system gradually shifted to the market system, and productivity
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Fig. 5 Trend in total crude steel production in China, 1967–2019 (Note Data
on GDP are in constant 2010 U.S. dollars and converted from domestic curren-
cies using official 2010 exchange rates. Data on total crude steel production from
1967 to 1971 were estimated by World Steel. Source The crude steel production
dataset is from World Steel Association [1967–2019], and the GDP dataset is
from World Bank [1967–2019])

was released (Li 2020). Furthermore, the industrial policy of “grasping
the large and letting go of the small” in 1996 involved a consolida-
tion process under ongoing state ownership for strategic industries, such
as the steel industry. The Chinese government has developed the four
leading steel enterprises, Baosteel, Shousteel, Ansteel, and Wusteel, into
large-scale conglomerates in the form of state sole-funded corporations.
Each had an annual output of more than six million tons in 1997 and
accounted for 28% of China’s total steel output (Nolan and Yeung 2001).
Among these four enterprises, Baosteel was built in 1978 to solve the iron
shortage problem that plagued the iron and steel industry of Shanghai
and, meanwhile, to help the Chinese steel industry realize modernization
and further promote economic development. The completion of Baos-
teel effectively compensated for the shortage of iron and steel varieties
and quality in China and satisfied the urgent demand for high-end steel
products by downstream industries, such as automobiles, petroleum, and
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shipbuilding (Li 2020). These two rounds of reforms led to a boom in
the steel industry starting in approximately 2000.

The third stage for the development of China’s modern iron and steel
industry began at the beginning of the twenty-first century and lasted
until 2014. This stage represented leapfrog development for the Chinese
steel industry according to the analysis of Li (2020), and a new round of
economic growth brought a dramatic development of the iron and steel
industry after the impact of the Asian financial crisis gradually subsided,
along with upgrading the domestic consumption structure and China’s
accession to the WTO. Despite the impact of the international financial
crisis during that period, China’s crude steel output generally main-
tained rapid growth, from 128.5 million tons in 2000 to 822.7 million
tons in 2014 (World Steel Association 1967–2019). Product variety and
quality improved significantly, allowing China to transform from a net
importer into a net exporter during this phase. China’s dominance in
Asia became even more pronounced, accounting for 77% of regional steel
production in 2011 (Wilson 2013). Although the initial reforms in the
Chinese steel industry were heavily state-led, reforms during the 1980s
and 1990s led in the direction of favoring indirect regulatory functions
and granting limited autonomy to steel firms to improve their competi-
tiveness. However, during this stage, the Chinese steel industry had poor
firm-level concentration, and the top-tier steel firms that met high global
technological standards accounted for only one-third of the national
industry (Li 2020). As a result, the Chinese steel industry lacked the
ability to produce high-value steel products to meet the increasing need
from China’s automobile and machinery sectors. To achieve rationaliza-
tion and technology upgrading, a consolidation process began during this
stage. In 2009, Baosteel and Hebei Iron & Steel merged to become
the largest steelmaker in the East Asia region and one of the top three
steelmakers in the world.

According to the crude steel production data from World Steel Associa-
tion (1967–2019), in 2014, Chinese steel demand began to shrink for the
first time since 2000. In 2015, China’s crude steel output was 804 million
tons, a decrease of 2.3% compared with the previous year and marking
the first decline since 1982. The declines in steel demand and crude steel
output indicate that China’s iron and steel industry has entered the devel-
opment stage of reduction. Although the government has been promising
to reduce excess capacity, and consolidation has been promoted in the
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steel industry since 2005, the effects did not begin to appear until 2015.
The capacity reduction policies in China are introduced in Sect. 5.

3 Energy-Saving Policies
and Environmental Regulations

Furthermore, iron and steel products consume a large amount of energy
and discharge a significant quantity of pollutants, making them one of
the most important causes of regional air pollution problems. In the
face of increasingly stringent environmental laws and regulations, green
growth has become an inevitable choice for the iron and steel industry (Li
2020). Energy conservation in steelmaking is crucial to ensure industry
competitiveness and to minimize environmental impacts, including water
pollution, SOx emissions, NOx emissions, and greenhouse gas emissions.
In the last two decades, policies related to energy and the environment
in East Asia’s steel industry have shown similar trends to emphasize the
compatibility between environmental protection and economic growth
through the utilization of energy-saving technologies. The main policies
on emission reduction and energy savings in Japan and the Republic of
Korea are presented in Table 1.

Japanese industries, beginning with the steel industry, have imple-
mented energy-saving and CO2 reduction measures in their manufac-
turing processes and now possess the world’s highest level of energy-
saving technologies (Nippon Steel Corporation 2020). During the two
oil shocks, the Japanese steel industry invested 3 trillion to support envi-
ronmental conservation and energy savings by introducing large-scale
energy-saving equipment; thereby, 20% energy savings were achieved
(Shigeru et al. 2014). As the 5th CO2 emissions producer in the world,
Japan faces increasing political sentiment and demanding CO2 reductions
(Iron and Steel Institute of Japan 2020). Further reduction measures
continue to be required in the Japanese iron and steel industry. The
Voluntary Action Programme for the Iron and Steel Industry, in force
since 1997, was enacted to promote the spread of existing energy-efficient
technologies, and the COURSE 50 initiative was announced in 2007 to
further reduce CO2 emissions on a global scale through innovative tech-
nology development. Furthermore, the top two steelmakers, Nippon Steel
and JFE Steel, adopted a Voluntary Action Program in 1997 and Eco-
Processes following the Commitment to a Low Carbon Society proposal
by the JISF (Japan Iron and Steel Federation) in 2013.
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Table 1 Policies on emission reduction and energy savings in Japan and the
Republic of Korea

Name Release date

Japan
Voluntary Action Programme for the Iron and Steel Industry (JISF)
Target: Reduce total energy consumption by 10% in iron and steel
industry by 2010 compared to 1990

1997

COURSE50: CO2 Ultimate Reduction in Steelmaking Process by
Innovative Technology for Cool Earth 50 (NEDO)

2007

Commitment to A Low Carbon Society (JISF)
Four central components: eco-process, eco-product, eco-solution,
development of innovative technologies
Target: Reduce GHG emissions, targeting fiscal year 2030

2013

The Plan for Global Warming Countermeasures (the Cabinet) 2016
JISF long-term vision for climate change mitigation: A Challenge toward
Zero-Carbon Steel (JISF)
Target: Provide long-term vision for climate change mitigation in
Japanese steel industry

2018

Republic of Korea
Framework Act on Environmental Policy 1990
Sustainable Development Act 2007
First and Second National Energy Master Plan (MTIE)
Industry Target: Develop technologies for CO2 free steelmaking and
promote ICT-based energy management systems

2008; 2014

Framework Act on Low Carbon Green Growth
Target: Build a low-carbon society and green industry

2010

2030 Roadmap to Achieve National GHG Reduction Target
Target: Set sectoral reduction targets

2016

Phase 3 Allocation Plan 2021–2025
Target: Achieve the 2030 national GHG reduction target

2019

Note The policy sources are in parentheses. JISF indicates Japan Iron and Steel Federation. NEDO
indicates New Energy and Industrial Technology Development Organization. MTIE indicates Ministry
of Trade, Industry and Energy (Republic of Korea)
Source Ministry of Trade, Industry and Energy (2014), Iron and Steel Institute of Japan (2020),
Lee and Woo (2020), Nippon Steel Corporation (2020), Republic of Korea (2020)

As previously mentioned in Sect. 2 (see Fig. 4), economic development
in the Republic of Korea depends heavily on energy-intensive industries,
such as steel and manufacturing, and approximately 95% of the primary
energy used is imported (Hong et al. 2019). The Republic of Korea
embraced the notion of sustainable development as a guiding principle
since 1990 (Framework Act on Environmental Policy) and the Sustainable
Development Act was enacted in 2007 to provide institutional support for
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this new concept (Lee and Woo 2020). To achieve sustainable develop-
ment and simultaneously consider energy security, economic growth, and
environmental impact, the government of the Republic of Korea imple-
mented two rounds of Energy Master Plans—in 2008 and 2014 (Ministry
of Trade, Industry and Energy 2014). In 2010, the Green Growth Act was
introduced to further promote new green growth through energy-saving,
efficient energy use, and development of green technology (Lee and Woo
2020). Following the state’s policy to incorporate environmental consid-
erations in business operations, the Republic of Korea’s steelmakers have
achieved considerable progress in greening the steel industry. POSCO
has focused its business strategy on environmental protection and has
taken action in recent years by establishing an environmental manage-
ment system, minimizing emissions, improving eco-efficiency, piloting
low-carbon green growth, and publicizing environmental management
results (Li 2020).

Instead of gradually addressing these problems, as Japan and the
Republic of Korea have been, the Chinese steel industry must simultane-
ously deal with overcapacity, energy conservation, environmental pollu-
tion, and climate change as a consequence of its tremendous short-term
expansion in steel production. Consistent with Chinese steel industry’s
large production volume, it contributed to approximately 20% of the SO2
emissions and 27% of the dust and PM emissions for all key manufacturing
industries in 2013 (Hasanbeigi et al. 2017). China started to take action
to fight environmental pollution in the 1970s and has set down sustain-
able development as a basic national strategy since 1992 (Zhang and Wen
2008). In 2007, because of the deterioration of ecological environments
and growing concerns from the public, the concept of eco-civilization
was initially proposed in the 17th National Congress of the Commu-
nist Party of China (Li et al. 2020). During the 11th Five-Year Plan
(FYP) (2006–2010) and 12th FYP (2011–2015), the government has
given prominence to the promotion and application of energy-saving
technologies to increase energy efficiency and reduce energy consump-
tion of steel enterprises. Especially, in recent years, many strict policies
and regulations were introduced to reduce emissions, and the most strin-
gent environmental standards were enacted in 2013 Emission Standard of
Air Pollutants for Iron Smelt Industry, Steel Smelt Industry, Steel Rolling
Industry; Discharge Standard of Water Pollutants for Iron and Steel
Industry; Emission Standard of Pollutants for Coking Chemical Industry
to alleviate the environmental impact of the steel industry on air and
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water pollution. Some of the major policies and standards on emission
control and energy savings in Chinese steel industry are summarized in
Table 2. According to a report by China Iron and Steel Industry Associ-
ation (2019), from 2015 to 2018, the SO2 emissions per ton of steel
from major Chinese steelmakers declined from 0.88 to 0.48 kg, and
the amount of particulate matter decreased from 0.77 to 0.51 kg per

Table 2 Policies and standards on emission reduction and energy savings in
China

Name Release date

National Level Policies
Comprehensive Work Plan for Energy Saving and Emission
Reduction

June 2007

Air Pollution Prevention and Control Action Plan September 2013
Environmental Protection Law of the People’s Republic of China April 2014
National Climate Change Plan (2014–2020) September 2014
Ten Measures on Air Pollution Prevention, Ten Measures on
Water Pollution Prevention, Ten Measures on Soil Pollution
Prevention

January 2015

Overall Plan for the Reform of Ecological Civilization System September 2015
Comprehensive Work Plan on Energy Conservation and
Emission Reduction during 13th Five-Year Plan (2016–2020)

December 2016

Environmental Protection Tax Law January 2018
Industry Level Policies
Cleaner Production Standard for Steel Industry July 2006
Several Opinions of the General Office of the State Council on
Further Strengthening Energy Saving and Emission Reduction to
Accelerate the Structural Adjustment of the Iron and Steel Industry

July 2010

Emission Standard of Air Pollutants for Sintering and Pelletizing of
Iron and Steel Industry

June 2012

Emission Standard of Air Pollutants for Iron Smelt Industry, Steel
Smelt Industry, Steel Rolling Industry

June 2012

Discharge Standard of Water Pollutants for Iron and Steel Industry June 2012
Emission Standard of Pollutants for Coking Chemical Industry June 2012
Iron and Steel Industrial Pollution Control Technology Policy May 2013
(a series of new emission standards for the iron and steel industry) January 2015
Iron and Steel Industry Adjustment and Upgrading Plan
(2016–2020)

November 2016

Draft Amendment for Comments on Fugitive Emission Standards for
the Iron and Steel Industry and the Special Emission Limits for
Sinter and Pellet Plants

June 2017

Source Zhou and Yang (2016), Li (2020), and Li et al. (2020)
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ton of steel. By 2018, smoke, dust, and SO2 emissions (kg/t) from
major steelmakers, on average, reached the level of advanced foreign
steelmakers.

4 New Norms: Climate Change
Policies and Sustainability

The transition of environmental policies in the iron and steel industry in
the last two decades mirrors the transformations in the economy of Japan,
the Republic of Korea, and China, and these three countries have targeted
Carbon Neutrality for global climate response. It is hoped that carbon
emission reduction can parallel the structural adjustment and technolog-
ical upgrading of the industry, which will foster a more competitive iron
and steel industry and provide sustaining impetus to economic growth
(Yu et al. 2015).

Carbon intensity6 is an important proxy to measure the environmental-
economic balance, and a low carbon intensity indicates low CO2 emis-
sions relative to the size of the economy (Ritchie 2017). Figure 6 shows
that global intensity has been on a gradual downward trend since 1951
and this reduction in carbon intensity has been driven by both high-
income and transitioning economies, with some developed countries
peaking prior to 1951 (Ritchie 2017). In terms of East Asian economies’
carbon intensity, Japan and the Republic of Korea peaked in 1970,
and China peaked later in 1977. The steel industry is one of the most
polluting industries in these three countries, especially in China. During
the 1950s, thousands of small-scale furnaces were set up in China to
catch up with the West in steel production, which contributed to the fast
growth in carbon intensity (see Fig. 6). Since approximately 1980, China
started to promote modernization of the steel industry and adopt more
efficient technology, which led to significant improvements in energy effi-
ciency and a continued decline in carbon intensity. Although dealing with
the high carbon intensity in the steel industry is typically associated with
the uptake of efficient technological solutions, reasonable policy interven-
tions are also essential to achieving the goals of both greater economic
growth and a smaller environmental impact (Ritchie 2017).

6Carbon intensity measures the quantity of CO2 emitted per unit of GDP and is
measured in kg CO2/GDP per year.
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As shown in Table 1, the Japanese government started to invest
efforts into GHG reduction in the 1990s, and the Voluntary Action
Programme of the Iron and Steel Industry was first implemented during
the First Commitment Period of the Kyoto Protocol to achieve the
sectoral emission target by 2020 (Iron and Steel Institute of Japan 2020).
The concepts of three eco approaches, together with innovative tech-
nology development, were established in 2013 for the second phase of
the Commitment to a Low-Carbon Society (see Table 1). The main poli-
cies in the 2010s aimed at problem-solving through long-term efforts
to achieve a midterm target of reducing greenhouse effect gases (GHG)
by 26% by 2030 from the baseline of 2013 and a long-term goal to
pursue 80% reduction by 2050 (Iron and Steel Institute of Japan 2020).
Through the nationally determined contribution (NDC) targets, Japan
has provided a long-term vision for climate change mitigation in the iron
and steel industry. In response to the Plan for Global Warming Counter-
measures (2016), JISF proposed a Zero-Carbon Steel concept in 2018 to
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further improve energy efficiency of the steel industry, which is already
the highest in the world (see Fig. 2).

Following the ratification of the Kyoto Protocol and Paris Agreement,
a series of energy master policies and reduction targets were implemented
in the Republic of Korea starting in the 2000s (see Table 1). Under
the Framework on Low Carbon Green Growth (2010), a set of reduc-
tion strategies were implemented in the 2010s (see Table 1) to reduce
GHG emissions by 24.4% below 2017 level by 2030 (Republic of Korea
2020). Meanwhile, in 2010, the largest steelmaker POSCO announced
its voluntary GHG target of reducing the CO2 emissions per ton of
crude steel by 9% by 2020 (Kim et al. 2014). The green growth in the
Republic of Korea, which is placed as a long-term goal and key policy,
is characterized by its strong top-down leadership. The industry sector
was estimated to account for 37% of the total GHG emissions in 2017,
and the government and the industry sector are working together to
build a robust institutional framework, develop technological innovation,
e.g., hydrogen reduction steelmaking, and achieve low-carbon transi-
tion in energy-intensive industries (Republic of Korea 2020). Recently,
POSCO has committed to net zero emissions by 2050 and intends to
achieve that target by further reducing coal consumption, improving
energy efficiency, and leveraging innovative low-carbon technologies such
as hydrogen-based steelmaking (Vercoulen et al. 2018).

Steelmaking in China now accounts for approximately half of global
production; therefore, steelmakers face growing carbon risks. Due to
large-scale steel production, the steel industry accounted for as high
as 10% (even 35%-40% in some major cities) of the total domestic
carbon emissions in China during the 2000s (Zeng et al. 2009; Zhou
and Yang 2016). The government has decided to transform China’s
economic development pattern to a sustainable, resource-saving, and low-
carbon economy since 2006 (Li et al. 2020). Furthermore, China put
forward its NDC in 2015, promising to lower its energy intensity by 40–
45% by 2020 compared with 2005 and reach peak emissions by 2030
(Vercoulen et al. 2018). The reduction targets were then assigned to
the iron and steel industry, which is similar to the top-down strategy
for green growth in the Republic of Korea. As shown in Table 1,
China’s National Climate Change Plan was implemented in 2014, and
the Adjustment and Upgrading Plan of the Steel Industry was enacted in
2016 to implement green upgrading, promote green consumption, and
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decrease energy intensity in the steel industry by 2020. Besides energy-
saving policies and carbon emission targets, sector structure adjustment
through closing outdated facilities (see Sect. 5) and market-related poli-
cies through adjusting the tax (Environmental Protection Tax Law) were
applied as well (Wang et al. 2017). Meanwhile, China’s largest steel-
maker Baowu Steel Group aims to peak its carbon emissions by 2023
and achieve carbon neutrality by 2050 (China Association of Circular
Economy 2021).

East Asia has the world’s largest iron and steel production, consump-
tion, and exports and, thus, has a significant influence on the world iron
and steel community. East Asia’s iron and steel industry will play an
important role in achieving the goal of addressing climate change.

5 Excess Capacity in East
Asia’s Iron and Steel Industry

The global steel industry has been struggling with excess steelmaking
capacity and low profitability for a long time. According to steelmaking
capacity data from the OECD (2000–2019), the global steelmaking
capacity currently stands at 2.36 billion tons, of which China accounted
for approximately 50% (1.15 billion tons) by 2019. Because China’s total
production of crude steel in 2019 was approximately 996.34 million tons,
the excess capacity7 in the steel industry was approximately 150 million
tons (World Steel Association 1967–2019; OECD 2000–2019). Figure 7
reveals the trends in global excess capacity and East Asian economies
from 2000 to 2019. Global excess capacity increased rapidly following
the global financial crisis in 2008 and has been decreasing since 2015,
led by the trend in excess capacity in China. In Japan, steel has ceased to
be a growth industry and offers low profitability, resulting in effectively
no increase in capacity since 2000 (OECD 2000–2019). By contrast, in
the Republic of Korea, both the steelmaking capacity and crude produc-
tion have been increasing at a slow and steady pace, while both countries’
excess capacity has remained relatively constant between 2000 and 2019.

7The volume of excess capacity by country was calculated by deducting the production
volume from existing production capacity. Excess capacity = steelmaking capacity-total
production of crude steel, and the datasets are collected from OECD (2000–2019) and
World Steel Association (1967–2019).
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Unlike the Republic of Korea and China, the postwar increasing stage
of the Japanese steel industry did not last long. The period of high
economic growth ended in the 1970s, and the period of stagnation began.
Kawabata (2017a) mentions that overcapacity exacerbates the supply–
demand relationship and has led to a worldwide decline in the prices of
steel products and the profitability of steel companies. In the face of a
repeat profitability crisis, the Japanese government started to take action
to solve the overcapacity problem in the 1970s, as presented in Table
3. First, the Law on Provisional Measures for the Stabilization of Spec-
ified Depressive Industries and the Law on Temporary Measures for the
Structural Improvement of Specified Industries were implemented during
1978 and 1988 to address the overcapacity of electric furnace steelmakers.
Under these two laws, the flat electric furnace sector banned the expan-
sion of electric furnaces until 1988, and 2.38 million tons of capacity were
processed by the end of 1988 (Kawabata 2017b). However, after the
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Table 3 Policies for capacity reduction in Japan

Policy name Release date

Law on Provisional Measures for the Stabilization of Specified
Depressive Industries (METI)
Target: Reduce the inefficient production capacity of electric furnaces
steelmakers

1978–1983

Law on Temporary Measures for the Structural Improvement of
Specified Industries (METI)
Target: Reduce the inefficient production capacity of electric furnaces
steelmakers

1983–1988

Law on Temporary Measures to Facilitate Industrial Restructuring
(METI)
Target: Reduce the inefficient production capacity of blast furnaces
steelmakers

1987–1996

Act on Temporary Measures for the Facilitation of Business Innovation
in Specified Business Operators (METI)
Target: Reduce the inefficient production capacity of blast furnaces
steelmakers and accelerate restructuring

1995–2002

Act on Special Measures for Industrial Revitalization (METI)
Target: Reduce the inefficient production capacity of blast furnaces
steelmakers, accelerate restructuring, and promote employment
adjustment

1999–2014

Employment Adjustment Subsidy (METI & MHLW)
Target: Promote employment adjustment by providing subsidies during
the period of capacity reduction in the steel industry

1970s–2010s

Note The policy sources are in parentheses. METI stands for Ministry of Economy, Trade and
Industry. MHLW stands for Ministry of Health, Labour and Welfare, which was formed from the
merger of the former Ministry of Health and Welfare and the Ministry of Labour
Source Kawabata (2017b)

bubble economy collapsed, overcapacity issues returned for the electric
furnace steelmakers.

The Law on Temporary Measures to Facilitate Industrial Restructuring
was implemented in 1987 to deal with the hollowing-out of industries
after the yen appreciation, which especially affected those regions with
concentrations of export industries. The government enacted different
policies for electric furnace steelmakers and blast furnace steelmakers, and
this law targeted blast furnace steelmakers, which led to rapid capacity
reduction. During the 1990s and 2000s, two more acts—the Act on
Temporary Measures for the Facilitation of Business Innovation in Specified
Business Operators and the Act on Special Measures for Industrial Revi-
talization—were implemented to further solve the overcapacity problem
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of both blast furnace steelmakers and electric furnace steelmakers. As a
result, blast furnace steelmakers completed the reduction in overcapacity
during the 2000s, and their profits improved significantly (Kawabata
2017b). Although the reduction policies for electric furnace steelmakers
did not work as successfully as did those for blast furnace steelmakers,
they also managed to achieve a significant reduction. Japan started its
overcapacity reduction in the 1970s and almost completed the process
during the 2000s, which resulted in relatively steady steel production
than that of the Republic of Korea and China. According to estimates by
the World Steel Association, global capacity utilization averaged 69.4% in
2016, and Japan’s capacity utilization rates achieved almost 81% in 2015
(Brun 2016).

The Republic of Korea started to address overcapacity issues in the
1990s, although it has been a long-standing problem that was first
noted in 1980 (Lee 2003). As mentioned in Sect. 2, the government
has played a key role during the whole process of planning and fueling
the rapid growth of the steel industry. Lee (2003) analyzes the major
trends in the Republic of Korea’s steel industry after the 1997 financial
crisis and implies that the government’s intervention in the steel industry
continued until the mid-1990s, which exacerbated the market distortion
and excess capacity problem. However, this problem was invisible because
of the rapid economic growth in the 1980s, making steelmakers extremely
vulnerable when the financial crisis occurred in 1997. Given the long-
term overinvestment in the steel industry, the overcapacity problem was
revealed by a decline in steel demand after the crisis. First, two mid-
sized steelmakers, Hanbo Steel and Sammi Steel, declared bankruptcy
in 1997. Then, a number of steel firms, including a few medium-sized
steel firms, had to cease operations and suspend or stopped planned
investments after the crisis (Lee 2003). Steel firms also began to down-
size, reducing employment substantially in 1997–1998. The crisis led to
significant policy changes, including the accelerated privatization of the
largest steel firm. As a result of the public sector reform process in 2000,
POSCO, which was previously state owned, was privatized.

The Asian financial crisis became a turning point for the Republic of
Korea’s economy as it shifted from a government-driven to a market-
driven economy, which gave steelmakers more flexibility to adjust their
steel production capacity. Unlike China, the steel sector in the Republic
of Korea needs no considerable consolidation or restructuring. Figure 8
presents the trend in the crude steel output CR2 of the steel sector in
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Group and Hebei Iron and Steel (HBIS) Group. The crude steel production
of the NSSMC includes Nippon Steel only before 2012, and the crude steel
production of the Baowu Steel Group includes the merged production data of
the Baosteel Group and Wuhan Iron and Steel Corporation. Source This dataset
is sourced from the top steelmaker list developed by Metal Bulletin [2010] and
the World Steel Association [1967–2019])

Japan, the Republic of Korea, and China. The CR2 in Japan’s steel sector
reached 80%, and the Republic of Korea’s steel sector reached 91% by
the end of 2019. POSCO alone accounted for more than 60% of the
market in 2019, and it focused on high-end products for the automotive
and shipbuilding industries to adjust to global overcapacity (World Steel
Association 1967–2019).

From 2000 to 2015, the persistent increase in global capacity was led
by the rapid expansion of China’s steel industry. Government interven-
tion has been considered the most influential factor triggering excess
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capacity through market distortions, especially in China. China’s over-
capacity was identified as occurring because of its rapid development of
the steel sector after 2000. Investments in steelmaking capacity fueled by
production incentives, land and energy subsidies, and loose lending poli-
cies by both national and provincial governments led to massive increases
in China’s steel production capacity (Brun 2016). In addition to produc-
tion promotion policies, structural adjustment policies (mentioned in
Sect. 2) promoted by the Chinese government are criticized for leading
investments in new facilities and increasing total production capacity.

In 2005, the Chinese government started to highlight the excess
capacity issue and is dedicated to reducing steel production during the
13th FYP period (see Table 4) in response to the increasing trend in the
steel industry’s excess capacity. Therefore, the excess capacity decline after
2015 is a mixed effect of price variations and policy promotions. Table 4
provides key policies for capacity reductions in China during the 12th
and 13th FYP periods. During the 12th FYP, legislation-based methods
were applied to reduce excess capacity according to the Laws on Envi-
ronmental Protection and on the basis of industrial policies. The year
2016 marked the beginning of strict overcapacity reducing measures, and
the Opinions on Cutting the Overcapacity of the Iron and Steel Industry
to Realize a Turnaround was issued and implemented, which required
achieving a target of further reducing crude steel production capacity by
100–150 million tons in 5 years starting from 2016 (Li 2020). Since
2016, through the implementation of the supply-side structural reform of
China’s iron and steel industry, the effect of “cutting overcapacity” has
begun to appear, and positive changes have been revealed by the trend in
global excess capacity (see Fig. 7, trend after 2015). The central govern-
ment recently prioritized the closure of plants producing low-quality steel
from scrap. Opinions on Cutting the Overcapacity of the Iron and Steel
Industry to Realize a Turnaround and Catalogue for Guiding Industrial
Restructuring were issued in 2017 and 2019 to eliminate substandard
steel production. Although China is still the largest contributor to global
excess capacity, its steelmaking capacity has declined significantly in recent
years. Excess capacity in China declined by approximately 255 million
tons from 2015 to 2019, contributing more than 95% of decreasing
global overcapacity (OECD 2000–2019).

Meanwhile, a range of interventionist industrial policies was also
deployed to promote consolidation in the steel sector, and 19 mergers
between large- and medium-sized steel firms were brokered between
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Table 4 Policies for capacity reduction in China

Policy name Release date

The 12th Five-Year Plan (2011–2015)
Catalogue for Guiding Industrial Restructuring (NDRC) 2011
Instructions to Promote Merger and Reorganization of Major Industries
and Enterprises (MIIT)

2013

Air Pollution Prevention and Control Action Plan (SCPRC)
Target: Reduce crude steel production capacity by 15 million tons by
the end of 2015

2013

Guiding Opinions of the State Council on Resolving Serious Production
Overcapacity Conflicts (SCPRC)
Target: Reduce crude steel production capacity in Shandong, Hebei,
Liaoning, Jiangsu, Shanxi, and Jiangxi by 80 million tons

2013

The 13th Five-Year Plan (2016–2020)
Opinions on the Development of the Iron and Steel Industry to Solve
the Overcapacity Problem (SCPRC)

2016

Opinions on Cutting the Overcapacity of the Iron and Steel Industry to
Realize a Turnaround (MIIT)
Target: Reduce crude steel production capacity by 100–150 million tons
and increase utilization rates to 80% by 2020
Target: Reduce crude steel production capacity by 140 million tons from
2016 to 2018

2016

Opinions on Well Cutting Overcapacity of the Iron and Steel and Coal
Industries to Realize a Turnaround (IMJM)
Target: Accelerate the exit of inefficient production capacity

2017

Catalogue for Guiding Industrial Restructuring (NDRC)
Target: Ban illegal induction furnace (IF) steelmaking and ensure the
effective closure of IF capacity by 2020

2019

Note The policy sources are in parentheses. NDRC stands for National Development and Reform
Commission. SCPRC stands for State Council of the People’s Republic of China. MIIT stands for
Ministry of Industry and Information Technology. IMJM stands for Inter-Ministerial Joint Meeting
Source Ministry of Economy, Trade and Industry (2018) and Li (2020)

2005 and 2010 (Wilson 2013). Furthermore, Baosteel Group Corpo-
ration and Wuhan Iron and Steel (Group) Company conducted a joint
reorganization in 2016, which resulted in a significant reduction in Baowu
Steel subsidiaries and capacity. However, in terms of organizational struc-
ture, the crude steel output CR10 in 2014 was almost 37% (Chen et al.
2016), and the CR28 in 2019 was a mere 14% (see Fig. 8), which was

8The crude steel output of Baowu Steel Group and Hebei Iron and Steel Group.
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extremely low compared with Japan and the Republic of Korea. There-
fore, the Chinese steel market is still quite fragmented. Because China
accounts for the largest share of the world market, its role in future
overcapacity reduction remains central. Through mergers and acquisi-
tions, Chinese enterprises are expected to become stronger and have more
resources and bargaining power to resolve problems, such as overcapacity,
wasted resources, rising energy and raw material costs, and environmental
pollution.

6 Conclusion

This chapter examined the major policies that contributed to shaping
East Asia’s steel industry, given that the state’s significant role in the
steel sector is common to Japan, the Republic of Korea, and China.
Government intervention occurred in the form of both direct and indi-
rect interventions during the steel industry’s total development period.
Following Japan’s model of dramatic economic ascent via steel and other
heavy industries, the Republic of Korea and China contributed to the
establishment of East Asia as a rapidly growing region after the Second
World War. In addition to the fact that the steel industry is highly driven
by economic growth, it has also served as an ideal partner to help materi-
alize the potential of other industries, such as automobiles, shipbuilding,
and construction, in Japan, the Republic of Korea, and China. The nature
of the steel industry is a strategic sector that requires massive capital
investments and technological innovation, offers significant contributions
to other industries, and requires frequent involvement through subsidies
by governments in both developing and developed countries (Shin and
Ciccantell 2009). Furthermore, Japan, the Republic of Korea, and China
share the same problem of strong dependence on imported raw mate-
rials, especially iron ore. Industrial policy interventions are decisive factors
helping East Asia’s steel industry obtain sources of comparative advantage.

However, government interventions risked overreaching, which
contributed to excess capacity difficulties that worsened with economic
maturity, particularly in China. In 2015, China accounted for almost half
of the nominal global overcapacity in steel, while Japan and the Republic
of Korea accounted for less than 5% (Brun 2016). Although recent steel-
making capacity in China has declined significantly, efforts to further
promote the adjustment of the steel industry’s structure through mergers
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or closures should continue to improve integrated efficiency, steel tech-
nology diffusion, and negotiating power over iron ore pricing. Further
consolidation of the market could be one solution for the current over-
capacity problem in the steel sector, and the Chinese government plans
to increase the share of the ten largest steelmakers to more than 60%
by 2025 (National Development and Reform Commission 2005). Unlike
Japan and the Republic of Korea, China’s steel market is currently quite
fragmented, and leading steel firms only have advantages in competing at
the low value-added end of the market. In the high value-added and high
profit part of the industry, Baowu Steel Group may be the only Chinese
steelmaker that is able to directly compete with the established giants of
Asia in Japan and the Republic of Korea (Li 2020).

In contrast, because of different economic structures, market envi-
ronments, and production volumes, policy distinctions are also noted
in this chapter. The main difference is that the governments in Japan
and the Republic of Korea have tended to limit direct intervention and
have instructed steel firms to develop plans and take action independently
after the rapidly increasing period. After several rounds of market-oriented
reforms, the voluntary efforts of steelmakers in Japan and the Republic of
Korea became as essential as the institutional policies for addressing over-
capacity problems and controlling pollution emissions. However, in the
case of China, similar voluntary firm behaviors are not expected, espe-
cially for small and medium-sized enterprises with inferior equipment
and less incentive to develop advanced technology. Corporate behavior
changes through direct policy interventions may be more effective for
coping with energy conservation and the environmental issues associated
with the steel industry. Given that the Chinese steel industry accounts for
approximately half of global production and consumption, the country’s
regulatory practices and carbon reduction efforts in the steel sector may
significantly contribute to addressing global climate change challenges.
Furthermore, environmental regulations to mitigate pollutant emissions
and carbon emissions can help reduce inefficient capacity in China, which
will also benefit the sustainable development of the global steel industry.

In conclusion, this chapter only focuses on the role of government
intervention and policy changes in East Asia’s steel industry, while many
other important factors are not discussed. Questions such as how trade
restructures East Asia’s steel industry, how it shapes the domestic market
and steelmakers’ competitiveness, what responsibility East Asia’s steel
industry holds for alleviating climate change, how China’s rise influences
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the global steel market, and how to efficiently adjust employment and
maintain profitability during capacity reduction periods are also critical
issues. The subsequent chapters attempt to provide empirical evidence
for these important questions related to the further development and
sustainability of the steel industry in East Asia.
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