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China has the world’s biggest but deeply fragmented steel industry.  There are over 800 steel mills in China, which are threatened as raw material prices skyrocket and tough government measures to control the overheated industry begin to take hold.  Many of these smaller, privately owned mills have been hastily built since 2002 in order to cash in on soaring demand for steel from China's booming construction sector.  However, their slim profit margins and poor technology mean that their survival is threatened as competition intensifies.  
China's steel industry, traditionally the preserve of big, state-owned mills, began to change rapidly in 2002 when consumption began to take off as the economy boomed and investment in public works and construction grew strongly.  All over the country, private entrepreneurs, often with little or no experience in steel making, were able secure bank loans and build steel mills.  Often these plants were built without proper approvals but enjoyed protection and subsidies from local governments and officials.  Most of them were unable to attract the skilled technicians and managers they needed to run efficiently.  They also lacked access to low-cost iron ore and coking coal and were often situated inland, far from their markets and transportation links.  Senior officials now blame these plants for wasting energy, capital and land while aggravating the country's serious industrial pollution problem. Critics say the smaller mills' lack of power to negotiate with suppliers has contributed to soaring raw material prices.
Industry consolidation is taking place, in which hundreds of these smaller heavily polluting and inefficient steel mills are anticipated to be taken over by larger Chinese steel mills, and then closed.  The 100 or so state-controlled steel makers are expected to emerge the strongest from this process. This study evaluates whether this type of consolidation in the Chinese steel industry is the best approach to deal with the problem, or whether an alternative strategy for the Chinese steel industry might make them more competitive.

Introduction

The objective of our analysis is to use the Analytical Network Process (ANP) to evaluate how the Chinese steel industry should evolve in order to resolve problems with its current situation, adapt to the current global economy, and strategically position itself for future growth. We will compare industry consolidation against several alternative courses of action.  This decision will have to take into account various considerations, including:

· Social stability and social welfare impact
· Employment
· Environmental impact
· Technological advancement
· Political impact

· Economical impact

· Operational scope and efficiency
· International trade relations
· Conflict between different levels of Chinese government

· Competitive threats

· Global steel supply and demand
The evaluation is carried out using the Benefits, Opportunities, Costs and Risks (BOCR) model in the Super Decisions software. Finally, we will draw some conclusions resulting from the results of our decision model.
Background
The global steel industry is highly cyclical, very competitive, and still fragmented in terms of market share. Currently, the industry is at the height of the business cycle and is going through a consolidation phase, which might result in the smaller players being acquired by the larger ones. The total output from the industry exceeded 1.4 billion tons in 2005, most of it augmented by the increase in output from China. This is expected to increase further, making steel output from China among the largest in the world.
 
Growth of the Chinese steel industry appears to be staggering. However, when one considers that China has a population of 1.3 billion, the per capita steel consumption is around or below that of the developed countries. Indeed, while China has been progressively raising steel production for many years, it has also been importing substantial quantities of steel. It is only now that China has become a net exporter of steel. This indirectly means that China has also reached a level of production saturation and its steel industry is more likely to witness more of consolidation and reorganization in coming years rather than any major expansion of its assets.
 
With the direct support of the Chinese government, China's steel industry has expanded enormously since 2000.  At that time, China produced 126 million tons of steel, about 20 million tons more than the next largest producer, Japan. In 2005, China produced 348 million tons of steel, an increase of 175% in only five years. This was more steel than the next three largest producers combined.


The meteoric growth of the Chinese steel industry reflects a deliberate government policy to funnel tremendous resources into the steel industry. The Chinese government did so in violation of both its WTO commitments and the logic of the market. The result is a steel industry that has grown much larger than anything the market would have created.

The Chinese steel industry continues to be primarily state-owned, with state-owned enterprises accounting for 57% of total production. Although minority positions in some of the larger producers are privately owned, some level of the Chinese government (national, provincial or local) holds a majority interest in nine of the top ten Chinese producers.  The Chinese government has subsidized the steel industry in a myriad of ways—some direct, others more subtle.  The net effect of these subsidies has been to drive the expansion of the Chinese steel industry to levels far beyond anything the market would have created.

Chinese steel makers are being encouraged by the central government to form alliances between themselves, and even with foreign firms, to increase international competitiveness.  Alliances in all forms will help domestic Chinese steel makers reduce production costs, enhance product development and marketing capabilities, and engage more strongly in the world market. 

Large Chinese steel giants (e.g., Baosteel, Wuhan and Shougang) , recently signed a co-operation agreement on steel scraps purchasing and raw material sourcing including coal and iron ore, in order to counter rising raw material costs.  The agreement was a substantial step towards an alliance between the three companies.  This alliance is expected to extend to new product development and marketing, fund raising and information exchange.  This was a bold move which was designed to meet the increasing challenges China has faced since it entered the WTO in 2001.  China was required to cut its tariffs on steel imports by 2.5% on average and cancel import quotas after the WTO entry.  Recognizing the urgency to develop the industry, other Chinese steel companies have set out to form alliances.  The alliances between domestic Chinese companies are the first step towards a more aggressive engagement in the world market.  Domestic Chinese companies are accelerating formation of these types of alliances because the shake-up of the world's steel industry has created major competitive threats. In particular, the recent merger of major European steel companies has created the world's biggest steel maker, Arcelor Mittal.

Alternatives

Our ANP model includes the following four alternatives for evolution of the Chinese steel industry:
	Alternative
	Description

	1. Consolidate
	Growth via buy-out and closing of smaller inefficient and highly polluting steel mills

	2. Status Quo
	No change in Chinese steel industry

	3. Expand Globally
	Growth by constructing new steel mills in strategic world-wide markets

	4. Strategic Alliances
	Domestic and/or international strategic partnerships for competitive advantage


The Model
The model used in this decision problem is pictured in Figure 1.  
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Figure 1 – The Complete Model
As the Figure 1 illustration shows, strategic criteria were used in conjunction with a BOCR analysis to arrive at the results presented further below in this report.  The top level of the model is a cluster that contains the Goal node, which is connected to the second-level clusters that contain the BOCR nodes: Benefits, Opportunities, Costs and Risks.  The high-level BOCR network outline (listing first tier sub-networks) is as follows:

Benefits


A. Political

B. Economic

C. Social


D. Technological

Opportunities


A. Markets


B. Operations


C. Politics/Globalization

Costs


A. Economic


B. Social Stability


C. Environmental


D. Trade Disputes

Risks


A. Economic


B. Personal


C. Government

The lower tier sub-networks of the model provide substantial additional details about the structure of the BOCR network.  They are all individually pictured in Appendix 1 at the end of this report.
The Result
As all nodes and clusters were compared based on their relationship with one another, the best solution reached with the model was to Consolidate with 44%, followed by Strategic Alliances with 30% and Expand Globally with 16%.  The result of the analysis is consistent with our research of current Chinese steel industry trends, which are (1) a push towards consolidation, and (2) an emphasis on forging alliances with domestic and international partners. The final result of the analysis is pictured in Figure 2A.

Note: the consolidate option is the best option in the long term as evidenced by the results of the Additive (negative) formula. According to the results of the Multiplicative formula, it is going to be very difficult for China to consolidate. They should aim for it and prepare for the other things in the meantime: strategic alliances, status quo, and expand globally. These actions should be done while driving to achieve consolidation in the long term.
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Figure 2A – Overall Synthesized Results from the Super Decisions Program Additive (negative) Formula
Figures 2B, 2C, 2D and 2E below provide synthesized results for the BOCR subnets.  These figures illustrate that the Consolidation option is judged to have the highest benefits and opportunities, but also the highest costs and risks.  There
are advantages to industry consolidation such as gaining more control over raw material costs.  However, consolidation is risky for the Chinese steel industry due to local and provincial level government resistance because it would diminish their control and revenues.  Consolidation on a wide scale with an aggressive timeline would potentially cause unrest.  It would be costly in the sense that millions of steel workers would become unemployed and the standard of living of the Chinese people would be harmed.  This is one reason amongst many why the Chinese steel industry has not consolidated to a greater extent already. 
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Figure 2B Synthesized Results - Benefits Subnet 
 Figure 2C Synthesized Results - Opportunities Subnet
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Figure 2D Synthesized Results - Costs Subnet 
 
Figure 2E Synthesized Results - Risks Subnet
1. Ratings
To establish Ratings scales and evaluate the importance of Benefits, Opportunities, Costs and Risks in the decision model, we developed the strategic criteria by which we consider the Chinese central government will make decisions regarding the evolution of the Chinese steel industry. We have proposed four strategic criteria for this study.  The best solution must take into consideration its impact relative to them:
	Strategic Criteria
	Description

	1. Minimize Social Unrest
	Avoid social unrest, for example, resulting from conflicts with local governments, or resulting from massive unemployment due to shut-down of mills too quickly

	2. Modernization / Environmental
	Modernize operations and pollution controls at less efficient mills, or shut them down

	3. Profitability / Cost Control
	Control surging prices of coal and iron ore raw materials, and maximize domestic industry profits

	4. WTO / Expand Trade
	Effectively manage tariffs and international trading relationships in order to maximize advantage from China’s recent WTO accession


This decision model utilizes the ratings approach in order to weight the importance of each strategic criteria as per the benefits, opportunities, costs and risks. The Super Decisions ratings output from the model are provided in Figure 3.
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Figure 3 – Super Decisions Ratings

Modernization/Environmental is the most important with a 35% rating.  There is a critical air and water pollution problem in China from industrial sources that is causing health problems on a massive scale.  This problem is weighing heavily on Chinese society and government.  The 800+ polluting steel mills in China are a significant part of the problem.  These mills must be modernized to increase efficiency, or otherwise be phased out.  
WTO/Expand Trade was a close second place with a 32% rating.  China’s accession into the WTO in 2001 coincides very closely with the exponential increase in China’s steel production.  WTO entry has opened many new markets to China, and has helped trigger this industrial awakening.
2. Priorities
As can be seen from Figure 4 for this decision model, Benefits and Opportunities are considered to have significantly higher priority (29% each) than Cost and Risk (21% each).
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Figure 4 – Relative Priorities of Benefits, Opportunities, Costs and Risk
As can be seen from Figure 5, political benefits are judged to be most important, then economic benefits.
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Figure 5 – Subnet Under Benefits: Priorities

As can be seen from Figure 6, markets opportunities are judged to be most important, followed by politics/globalization.
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Figure 6 – Subnet Under Opportunities: Priorities
As can be seen from Figure 7, economic costs are judged to be most important, followed by costs associated with trade disputes.
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Figure 7 – Subnet Under Costs: Priorities
As can be seen from Figure 8, economic risks are judged to be most important, followed by government risks.
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Figure 8 – Subnet Under Risks: Priorities
3. Pair-Wise Comparisons
The results of the pair-wise comparisons between the criteria (and sub-criteria) are shown in Figures 9 through 13.
Recall that Figure 3 showed the relative importance of the four strategic criteria are:

1. Modernization/Environmental (35%)
2. WTO/Expand Trade (32%)
3. Profitability/Cost Control (23%)
4. Minimize Social Unrest (10%)
Figure 9 provides our additional judgments of their relative importance.  For example, WTO/Expand Trade is 4X more important than Minimize Social Unrest, etc.
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Figure 9 – Pair-Wise Comparison of Strategic Criteria
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Figure 10 – Pair-Wise Comparison of Benefit Types
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Figure 11 – Pair-Wise Comparisons of Opportunity Types
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Figure 12 – Pair-Wise Comparisons of Cost Types
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Figure 13 – Pair-Wise Comparisons of Risk Types
4. Definition of Criteria and Sub-Criteria
The definition of criteria and sub-criteria of Benefits, Opportunities, Costs and Risks within the BOCR network are given in the following four tables (Table 1 to Table 4).
Table 1 - Definitions for Benefits Model
	Control Criteria
	Sub-criteria
	Description

	Political
	Domestic subsidies / support
	Tax breaks and other economic subsidies that encourage excess production and depress steel prices

	
	Global energy subsidies
	Huge energy subsidies from Chinese provincial and local governments that fuel China’s steel exports, in violation of WTO laws

	Economic
	Domestic
	

	
	Producer pricing power
	Larger producers have greater control over steel supply and can thus influence market prices more

	
	Raw material purchasing advantage
	A large coalition of raw material buyers can negotiate better prices than can a single mill

	
	Global
	

	
	Access to materials & services
	Supplies of coal and iron ore globally are spiking in price, and access is limited, due to booming steel demand.  Access is generally better in coastal areas.

	
	Attract investment
	A more efficient modernized plant or portfolio of plants will attract increased investment from the government and private sources

	
	Market share
	An increase in steel producing capacity relative to competitors will increase share of global steel market

	Social
	Employees
	

	
	Labor laws / safety
	Impact of steel industry modernization on Chinese labor laws and industrial safety

	
	Labor productivity /efficiency
	Typical Chinese steel mills employ several times more workers relative to steel mills in most other countries, resulting in a highly inefficient operation.  Impact of steel industry modernization on Chinese labor productivity and efficiency

	
	Steel worker wages
	Impact of Chinese steel industry modernization on Chinese steel worker wages

	
	Living standards for Chinese people
	

	
	For Chinese non-steel workers
	Impact of Chinese steel industry modernization on overall lifestyle, health and welfare of Chinese general population (e.g., collateral benefits in other industries)

	
	For Chinese steel workers
	Impact of Chinese steel industry modernization on overall lifestyle, health and welfare of Chinese steel workers

	Technological
	Facilities
	

	
	Information technology
	Access to IT upgrades for steel mill operations and business administration in order to better compete globally

	
	Modernize old plants & equipment
	Upgrade old steel mill operations, pollution controls, and steel making equipment to better compete globally

	
	Environment
	

	
	Awareness / health conditions
	Access to information and other tools to promote awareness of pollution problems and health effects, in order to foster industry change

	
	Protection
	Access to advanced technology and techniques to minimize air and water pollution output from Chinese steel mills

	
	Standards
	

	
	Best practices
	Access to international best practices related to steel making technologies

	
	Change to match global standards
	Access to knowledge that will help Chinese steel mill operations and products comply with global industry standards


Table 2 - Definitions for Opportunities Model
	Control Criteria
	Sub-criteria
	Description

	Markets
	Domestic / Global Demand
	

	
	Specialty high-end steel for global customers
	Opportunity to supply specialty high-end steel (niche products with high profit margins) in international markets.  Typical Chinese mills have not historically had this capability and access to markets.

	
	Spike in demand
	Opportunity to increase steel supplies in response to explosive growth in global demand

	
	Financial
	

	
	Access to financial markets
	Opportunity to access international financial markets that were historically off limits to Chinese steel companies due to government control

	
	Financial growth
	Opportunity to financially grow Chinese steel companies by leveraging new global opportunities

	
	Logistics
	

	
	Enhanced distribution
	Improvement in ability to distribute steel worldwide via land or sea

	
	Proximity to markets
	Opportunity to serve new international markets via new facilities and/or arrangements with partners

	
	Investment
	

	
	Increase private sector investment
	Opportunity to infuse Chinese private sector investment into Chinese steel companies to spur new growth.  Historically, this has been restricted by the Chinese government

	
	Limit foreign investment
	Impact of decision on ability of foreign investors to invest in Chinese steel industry to spur new growth

	Operations
	Management Structure
	

	
	Business strategies
	Opportunity to develop new business strategies to be more competitive in international markets

	
	Improve management
	Access to latest business administration techniques and processes for operations, finance, logistics, etc.

	
	Vertical integration
	Opportunity to vertically integrate the Chinese steel industry via acquisitions of raw material sources and investments in industrial end-users of steel products

	
	Facilities
	

	
	Improve transport facilities
	Opportunity to improve Chinese facilities for transporting steel by land and sea

	
	Modernize plants and equipment
	Opportunity to modernize older Chinese steel mills and steel-making equipment

	
	Quality
	

	
	Global perception of quality
	Opportunity to improve global perception of quality of Chinese steel.  Generally, the global perception right now is that Chinese steel is inferior quality, due to well-documented material failures in service.

	
	Product
	Opportunity to improve Chinese steel-making processes in order to create a higher quality end product

	
	Resources
	

	
	Reduce energy
	Opportunity to reduce energy usage of the Chinese steel industry

	
	Reduce resource usage
	Opportunity to use raw material resources more efficiently in the production of Chinese steel

	
	Environment
	

	
	Improve health of Chinese people
	Opportunity to improve health of the Chinese general population via pollution reduction, and minimize health care costs to society

	
	Reduce pollution
	Opportunity to reduce steel industry airborne pollutant emissions and reduce pollution of waterways

	Politics / Globalization
	Local governments
	

	
	Cooperate with local Chinese governments on de-manning schemes
	Opportunity for all levels of Chinese government to cooperate on worker re-training programs, compensation packages, etc.  Shutting down hundreds of smaller out-dated regional steel mills in China would cause an unemployment crisis on a massive scale.

	
	Improve tax revenue sharing between central and local governments
	Opportunity to create a win-win tax revenue sharing scenario for all levels of Chinese government if older steel mills shut down.  This would help alleviate the problem of local government resistance to shutting down older local mills.

	
	Global
	

	
	Accession in the WTO to drive growth
	China must do a better job playing by the WTO rules in order to earn cooperation and trust from international steel producers, and avoid sanctions

	
	Ease “dumping” and unfair trade tensions
	China must change their behavior and respond to the international outcry over their “dumping” practices and unfair trade policies, in order to ease international tensions


Table 3 - Definitions for Costs Model

	Control Criteria
	Sub-criteria
	Description

	Economic
	Domestic
	

	
	Loss of subsidies under WTO
	WTO laws require Chinese government to effectively cease providing their enormous subsidies to their steel industry.  China has been in WTO for last seven years and is not complying with requirements.  International pressure is ratcheting up.

	
	Rising taxes
	Taxes on other Chinese industries and citizens may rise regionally to compensate for loss of revenue from hundreds of steel mills

	
	Unemployment
	Unemployment will occur on a massive scale if hundreds of older mills close.  There are economic costs to Chinese Society associated with this transition.

	
	Global
	

	
	Fair trade compliance
	Full compliance with international fair trade requirements will result in substantial economic costs that must be absorbed by the Chinese steel industry

	
	Loss of energy subsidies
	Energy cost increase to power steel mills caused by loss of massive government energy subsidies

	Social Stability
	Domestic
	

	
	Low labor cost
	Much less labor will be required to run modern efficient steel mills in China, relative to their traditional inefficient mills.

	
	Social cost burdens
	There will be societal burdens to manage and support the disenfranchised steel worker population, and prevent an uprising

	
	Unemployment
	The social costs to Chinese society of millions of unemployed steel workers without skills transferrable to other lines of work

	Environmental
	Domestic
	

	
	Cost to comply
	It is expensive to retrofit existing factories with the latest environmental protection gear, or otherwise build new state-of-the-art facilities

	
	Resource abuse
	Damage to the environment caused by an ever-widening search for the raw materials that are inputs to the steel-making process

	
	Global
	

	
	Compliance costs
	Expansion into other international regions will have additional costs to comply with local environmental protection standards

	
	WTO violation indirect costs
	Environmental costs as collateral damage of willfully ignoring international laws

	Trade Disputes
	Global
	

	
	U.S. prejudice
	U.S. steel industry is mounting an international campaign to bring sanctions against Chinese for unfair trading practices

	
	WTO violations
	WTO sanctions against Chinese steel industry would have serious cost consequences for China


Table 4 - Definitions for Risks Model
	Control Criteria
	Sub-criteria
	Description

	Economic
	Domestic
	

	
	Economic volatility – country risk exposure
	Too much exposure of Chinese steel companies to one country or region could expose them to risk of local economic collapse

	
	Excess production threatens price levels & regional operators
	Chinese government policies have incentivized excess steel production in China.  This excess supply affects world prices.  Lower prices impact the viability of smaller less efficient regional mills

	
	Intense domestic rivalry
	There are more than 800 steel mills in China.  The competition between them for resources and revenues is intense.

	
	Global
	

	
	Competitors consolidating
	Chinese steel producers could be caught off-guard by strategic moves of international competitors, and be left in an uncompetitive position.

	
	Foreign investor risks
	Foreign investors may be reluctant to invest in the Chinese steel industry due to the potential for government interference, poor quality materials, pollution, etc.

	
	Resources
	

	
	Bargaining power of suppliers
	Raw materials for the steel-making process are currently in high demand.  This puts the suppliers of these materials in an advantageous bargaining position.

	
	Rising cost of raw material and fuel
	Profitability is at risk due to spiraling prices for raw material inputs

	Personal
	Employees
	

	
	Massive layoffs – difficulty dismissing employees
	There is risk that the millions of Chinese steel mill employees could use collective bargaining power or otherwise resist mill closures.

	
	Old guard management unfamiliar with needs of foreign investors
	Management may be unprepared for the scrutiny of financial reports, operations, etc. that foreign investors will demand.

	Government
	Domestic
	

	
	Investments not being utilized correctly
	There is risk that investments into the Chinese steel industry to affect change could be misappropriated and squandered due to corruption or incompetence

	
	Local Chinese government resistance
	There is risk that Chinese local and provincial governments will oppose any plan which negatively impacts their control and tax revenues

	
	Global
	

	
	Cautious foreign investors
	Foreign investors may demand oversight and control that the Chinese government is unwilling to concede

	
	Decrease tariffs to meet WTO obligations
	WTO rules will cause the Chinese government to lose revenues and influence

	
	Environment
	

	
	Environmental clean-up
	Legacy clean-up costs from steel industry pollution in China are enormous.  Central government must commit to invest in clean-up.

	
	Evolving environmental regulations
	International environmental standards imposed on industry are constantly evolving as technologies and societal expectations change.  Compliance with changing standards poses risk and uncertainty for China.


5. Sensitivity Analysis

From the sensitivity graphs for each of the BOCR subnets (Figures 14 – 17), it can be seen that changes in the priorities of Benefits, Opportunities, Costs and Risks will not change the final outcome of the Chinese steel industry consolidation decision and consolidation is always the best option.
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Figure 14 Sensitivity Analyses - Benefits Subnet 
 Figure 15 Sensitivity Analyses - Opportunities Subnet
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Figure 16 Sensitivity Analyses – Costs Subnet        
Figure 17 Sensitivity Analyses – Risks Subnet
Conclusion

Our model results clearly support consolidation and forming of alliances as the primary and secondary courses of action for the Chinese steel industry. Based on our research, the result appears to be consistent with the direction the Chinese government has been moving in. There are several factors contributing to this outcome, including the following.  Clearly, the Chinese central government recognizes that the status quo is no longer a viable option.  Their steel industry must evolve and adapt to stand a chance in the current highly competitive global environment.  Our decision model supports this conclusion.  China’s accession into the WTO has clearly been a driver for major worldwide changes including a surge in China’s steel exports.  In response to this surge, at least in part, the two largest global steel companies, based in Europe, recently merged.  The strategic maneuvers of these competitors are forcing a counter-response from the Chinese government in order to remain competitive.  China’s unfortunately has an international reputation as a supplier of low quality steel with disregard for the environment and fair trade practices.  China’s practices are triggering strong negative reactions from other WTO member states.  This international pressure appears to be slowly causing change in China’s steel industry to conform with international requirements and expectations regarding material quality, environmental protection and trade laws.  China’s refusal to stop unfairly subsidizing their steel industry in violation of WTO law is an unresolved point of contention in international relations.  China’s movement to strengthen their steel industry via consolidation and strategic alliances appears to be a means by which they can retain their emergent dominance and also begin complying more fully with international requirements.
APPENDIX 1 – SUB-NETWORKS OF THE MODEL
BENEFITS
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OPPORTUNITIES
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