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[bookmark: _Toc375297044]INTRODUCTION AND BACKGROUND
[bookmark: _GoBack]BRICS is the title of an association of leading emerging economies, arising out of the inclusion of South Africa into the BRIC group in 2010. As of 2012, the group's five members are Brazil, Russia, India, China and South Africa. With the possible exception of Russia, the BRICS members are all developing or newly industrialised countries, but they are distinguished by their large, fast-growing economies and significant influence on regional and global affairs. As of 2012, the five BRICS countries represent almost 3 billion people, with a combined nominal GDP of US$13.7 trillion and an estimated US$4 trillion in combined foreign reserves. Presently, India holds the chair of the BRICS group.
Within the context of the wider BRICS grouping, the BRICS Foundry Forum was launched in 2011 with the following objectives:
· To follow the foundry market evolution of the BRICS countries.
· To promote the technological information exchange among the countries of this economic block.
· To improve the professional development and education of the foundrymen of the BRICS countries.
· To strengthen relationships with the BRICS countries to obtain the comparative advantages of these countries in the benefit of the whole foundry industry installed in the block.
Since its launch, the forum has met annually and one or another of the member countries have hosted an international gathering where technical and organizational papers aimed to further the objectives of the grouping and the sector have been presented. In 2013 the National Foundry Technology Network (NFTN) and the South African Institute for Foundrymen (SAIF) jointly hosted the 3rd BRICS Foundry Forum from 11 – 12 March 2013. Rather than being a passive agent of collective discussion, the 2013 conference aimed to contribute to building the competitiveness of the foundry sector in the BRICS countries through active comparison and benchmarking and ensuring that the 3rd Forum should “give more attention to the factors that are driving change in the foundry industry to maximise the learning between the countries”. 
In order to make active learning and comparison a reality, the NFTN commissioned a study into the Iron Foundries of the five member countries, with the following objectives: 
· Tactical objective
Develop, collect, compile and present iron foundry market information of the BRICS countries for the conference.



· Strategic objective
To allow foundry sector representatives to identify, compare, benchmark and address inconsistent and or uncompetitive practices and make changes accordingly. This will build the global competitiveness of the iron castings foundry sector in all BRICS countries.
The survey results have generated information that has been organised into the following sections:
· National data, including:	
· Number of foundries, production volumes and employment;	
· Jobbing and production ratios in BRICS iron foundries;	
· Principal materials cast;
· Value of castings per ton;	
· Comparison of market sectors served;	
· Domestic and export focus.	
· Comparison of material costs, looking at alloys, scrap, sand and resins.
· Foundry energy, including understanding power source and economy.	
· Production cost structure.
· Role of government incentives, including policy and energy incentives. 
· Operator equipment efficiency and aspects of productivity, such as operation days/hours per day and staff qualifications.	
· General issues, including the following:	
· Leading foundry collaboration;	
· Foundry-university/R&D Institution collaboration;	
· Sources of capital;	
· Number of universities offering degrees;	
· Corporate structure.	
· Environmental issues.	

The data was duly collected and presented at the BRICS Foundry Forum. During the course of the presentation a need was identified to collect further data to correct anomalies and complete the data collection for Russia which had not participated in the first data collection exercise, due to a recent UNIDO study in the country. The process of data correction was successful in that the missing Russian data was prepared by Mr Igor Kolkov of UNIDO, but attempts to collect more detailed information from other countries did not yield as many results as hoped for. This report lays down all data collected during the initial and second exercise. Wherever there are data anomalies, these will be pointed out. 
Note: All data in the following report was generated during the survey.
[bookmark: _Toc375297045]METHODOLOGY FOR THE STUDY
The methodological approach for the study was to collect data from a 20% sample of iron foundries in each country based on a questionnaire that was developed by the project team. The data was then aggregated at the national level, before being assembled into a 5-country comparative format by Real Consulting in South Africa. In some countries a web-based questionnaire was used, while in others, the questionnaires were completed physically by representatives of the Foundry Associations in each country.

[bookmark: _Toc375297046]LIMITATIONS OF THE STUDY
The primary limitations of the study relate to the fact that most foundries work with both iron and steel, and isolating accurate data for the iron activities in the foundries proved challenging. The second challenge related to the voluntary nature of participation in the survey by representatives of the national foundry associations in all the BRICS countries. This meant that frequently data was submitted late and sometimes never, as the representatives fitted the survey into their existing workload. Another major issue was language proficiency, and many misunderstandings arose as the questionnaire was drafted in English.





























[bookmark: _Toc375297047]NATIONAL DATA
This chapter provides an overview of the general information pertaining to the foundry sector in the five BRICS countries.  It looks at the following data:
· Number of foundries, production volumes and employment	
· Jobbing and production ratios in BRICS iron foundries	
· Principal materials cast	
· Value of castings per ton	
· Comparison of market sectors served	
· Domestic and export focus	

[bookmark: _Toc375297048]Number of foundries, production volumes and employment
The overall national data regarding the scale of iron foundries in the BRICS countries shows significant differences of scale between the BRICS countries. China has a staggering 16000 iron foundries, while South Africa only has 78.
















[bookmark: _Toc374692581]Figure 1: Number of iron foundries in BRICS countries


When considering the total output of iron castings from each country, the disparities continue to be very evident with 26 million tons of castings produced by China and 300 000 tons produced by South Africa at the bottom of the scale. India produces approximately one third of the volume of iron casting when compared with China.



[bookmark: _Toc374692582]Figure 2: Total volume of iron castings per country


The patterns are however not repeated when considering the total production of iron from the 3 largest foundries in each country, with Brazil and Russia producing similar volumes, which are not vastly different from South Africa. They are then followed by India and then China at the top of the log.



[bookmark: _Toc374692583]Figure 3: Total iron production of 3 largest foundries in each country

Employment patterns range from 1 200 000 direct employees in China to 6618 direct employees in South Africa. A small anomaly emerged in that figures for indirect employee numbers were not available for Russia or China.



[bookmark: _Toc374692584]Figure 4: Direct and indirect employee numbers in each country




[bookmark: _Toc375297049]Jobbing and production ratios in BRICS iron foundries

The figure below indicated the breakdown between jobbing and production ratios averaged across a 20% sample of all iron foundries in each BRICS country. An interesting picture emerges showing Brazil with established order books and recurrent orders, and India being very responsive to new orders. Russia and China have similar patterns and South Africa is closer to parity between the two types of orders. The average across the BRICS countries shows that recurrent orders are poised at 62% and non-recurrent orders at 38%.



[bookmark: _Toc374692585]Figure 5: Survey sample average breakdown between jobbing and production foundries and BRICS Average


[bookmark: _Toc375297050]Principal materials cast 
In BRICS iron foundries the main material is grey/flake cast iron as this comprises 55% of output; thereafter ductile spheroidal graphite is the next most important material at 31%, and then ductile pipe iron forming 4% of output. South Africa produces more spheroidal graphite than grey/flake cast iron, and is the only country in this category. An anomaly is that India provided no data on pipe iron.







[bookmark: _Toc374692586]Figure 6: Average and specific breakdown of principal materials in BRICS iron foundries

[bookmark: _Toc375297051]Value of castings per ton
The data that emerged from this section of the survey proved to be contentious with Brazil and Russia seeming to produce significantly higher value iron castings than the other 3 countries, where a reasonable degree of parity is visible. In the case of Brazil, heavy dominance of the automotive sector and high value castings in the iron foundry market could be one explanation, but the consensus is that this is unlikely. The figures supplied by Russia are similarly anomalistic. If the figures are correct, then the average sales value per ton would be $2634 across all BRICS countries.



[bookmark: _Toc374692587]Figure 7: Survey sample average tonnage and sales value

[bookmark: _Toc375297052]Comparison of market sectors served
It is interesting to note the dominance of the automotive sector in the BRICS iron foundries; this is followed by the manufacturing sector and then agriculture. South Africa is the only country in which mining plays the main role in the iron foundry market. Infrastructure plays an important role in all five countries. 


[bookmark: _Toc374692588]Figure 8: Market sectors served BRICS Average


[bookmark: _Toc374692589]Figure 9: Individual country market sectors breakdown

[bookmark: _Toc375297053]Domestic and export focus
In many ways it is interesting to note that the major market for iron castings in all the BRICS countries is overwhelmingly domestic, and in all BRICS countries, to a similar degree (ranging from 88-80%). What is not clear from the data is what percentage of the castings is intended for further domestic value adding. In other words many castings could be sold onto local car manufacturers, and then vehicles subsequently exported.

	
	



[bookmark: _Toc374692590]Figure 10: National and BRICS average domestic and export ratios 



[bookmark: _Toc375297054]COMPARISON OF MATERIAL COSTS
In this section there is a brief overview of the costs that iron foundries in the BRICS countries are paying for basic input materials such as alloys, scrap metal, resins and sand.
[bookmark: _Toc375297055]Alloys
The following table indicates the cost of alloys per ton in the BRICS countries, where Russia is the most expensive, and South Africa the cheapest. Industry experts have indicated that some review of this data should be considered, as Russia is showing alloy costs at more than 2 x the cost in South Africa and India.
All countries reported no major problems with the supply of alloys, though 22% of South African foundries indicated “intermediate” difficulties. All countries cited the material costs as a constraint.


[bookmark: _Toc374692591]Figure 11:  National and average cost per ton of alloys in BRICS countries

[bookmark: _Toc375297056]Scrap
There are no major discrepancies in scrap costs, and as was explained by the Chinese BRICS Foundry Forum delegation, China is a significant importer of scrap from the rest of the world and their costs include transportation by sea. 17% of South African foundries reported availability issues for scrap metal, and all other countries reported that scrap was readily available. Quality, quantity and cost were also frequently cited as constraints by South African Foundries.


[bookmark: _Toc374692592]Figure 12: Average cost per ton of scrap ($)

[bookmark: _Toc375297057]Sand
The costs of sand in each country do vary dramatically, with South Africa being the most expensive source of casting sand. It is well known that there are few suppliers of quality silicone sand in South Africa. Specialty sands were excluded from this calculation. Brazil has the most cost effective sand supplies at $20 per ton. All countries reported that sand was freely available, except South Africa where 6% of foundries reported intermediate availability problems and major complaints emerged about the high cost of sand.


[bookmark: _Toc374692593]Figure 13: Sand average cost per ton ($)






[bookmark: _Toc375297058]Resins 
Again there are significant differences in the costs of resins, with South Africa and Brazil paying significantly more than China, India and Brazil. All countries reported that resin was readily available except for 20% of Brazilian foundries who experienced availability problems. The cost of resins was cited as a major constraint by South African Foundries.


[bookmark: _Toc374692594]Figure 14:  Resins average cost per ton ($)



[bookmark: _Toc375297059]FOUNDRY ENERGY
In many ways this section of the report proved the most difficult to source accurate data for due to factors such as shifting tariff structures and calculation of electricity costs for the whole foundry as opposed to just the iron casting activities. The importance of this research shows that there is not a major difference in actual energy costs in the BRICS countries, but issues of efficiency of electricity usage do come up. In terms of power outages, China has the greatest problem with some 360 hours per annum of outages, depending on region. This is followed by Russia with 250 hours of outages per annum and then South Africa with an average of 59 hours per annum. There is also a persistent myth that age of furnaces makes a major difference to energy usage but this is not a “done deal”. Brazil and South Africa have the oldest furnaces on average, but they are not the highest consumers of electricity.

[bookmark: _Toc374692859]Table 1: Average age of furnaces 
	Country 
	Age of furnace (years)

	Brazil
	30

	Russia
	17

	India
	11

	China
	6

	South Africa
	25.5

	AVERAGE
	18




[bookmark: _Toc374692860]Table 2: Major constraints in electricity supply
	Country 
	Major constraints

	Brazil
	Long term supply 
Cost

	Russia
	None identified

	India
	Gap in Supply & demand 
High power tariff 
Supply not regular

	China
	Power outages in South

	South Africa
	Generating capacity (infrastructure) 
Rapidly increasing costs 
Quality  and reliability of supply












[bookmark: _Toc375297060]Power Source and economy
In all the BRICS countries electricity is the major source of energy for foundries, with one interesting exception – 40% of Chinese foundries use coal as the principal source of energy. In South Africa and India, municipalities are the local retailers of electricity, whereas in China, Brazil and Russia, electricity is sold to industry directly by national utilities. All foundries use small amounts of supplementary energy such as natural gas, paraffin and fuel oil.


[bookmark: _Toc374692595]Figure 15: Type and source of power for foundries

The following table makes interesting analysis of the cost per ton of electricity, but also the kilowatt hours used per ton. Brazil with its massive hydro-electric schemes and cheaper electricity is at a major advantage especially as its use of energy per tone is lower than most countries. Russia and India have the most expensive electricity followed by South Africa. Industry experts have indicated the need to review the Indian data on kw/h per ton, as it appears too high, while all the other countries are in the same range. The second appended table shows the average usage of electricity and cost per shipped ton.



[bookmark: _Toc374692596]Figure 16: KW/H per ton and cost of electricity per ton

The interesting picture is detailed further below when we look at the actual average cost of electricity per kilowatt hour without taking into consideration peak and off peak tariff differences. There is a high degree of parity in actual electricity cost, though Russia is significantly higher.


[bookmark: _Toc374692597]Figure 17: Cost of electricity per KW/H in BRICS countries





[bookmark: _Toc375297061]PRODUCTION COST STRUCTURE 
This data was difficult to gather accurately at foundry level due to the difficulties in isolating iron-only costings as mentioned in the section dealing with the limitations of the study.  Instead, highly knowledgeable individuals from the foundry associations in each country were requested to consult colleagues and come up with informed estimates of production costs. The following cost categories were considered:
· Energy.
· Labour.
· Materials.
· Equipment. 
· Overheads.

A very interesting picture emerges. China shows 72% of costs associated with material supply – but it should be remembered that this is as a percentage of total costs – it does not mean they are paying more in real terms for materials at all. This percentage is high because they are paying 3% for overheads and 8% for labour. 
The labour topic is also significant as China and India have the lowest labour costs and South Africa and Brazil have the highest with 33.5% and 32% of total costs respectively. South Africa has the highest proportion of energy costs and China the lowest. And overheads range from 3-15%.


[bookmark: _Toc374692598]Figure 18: Combined production cost structure 


[bookmark: _Toc375297062]ROLE OF GOVERNMENT INCENTIVES
The role of government incentives proved to be a complex matter to append to a study of this nature, and insufficient levels of details were provided by respondents. It is recommended to look into the issue of incentives in a more detailed manner as a separate and specific focus or study. In some cases such as Brazil, incentives are generated at city and province level, making the process even more complex.
[bookmark: _Toc375297063]Policy incentives and energy incentives
All five BRICS countries have manufacturing incentive policies, but only China and India have favourable customs duties and taxes for imported and exported foundry sector products. All five countries have differentiated tariff structures for peak and off-peak electricity pricing, but this is not really an incentive but an energy industry best practice. South Africa has a refund system for green energy efficiency for the purchase of energy efficient equipment. There are also sectoral initiatives such as the Motor Industry Development Plan in South Africa and there is also a benchmarking programme through a national university. A number of other specific policies were mentioned by respondents

[bookmark: _Toc374692861]Table 3: Policy incentives reported by respondents
	Country
	Incentives

	Brazil
	Export policies
	 
	 

	Russia
	Export policies
	 
	 

	India
	New manufacturing policy recently announced 
	National Skill Development Policy 
	 

	China
	Basic pieces of machinery, basic manufacturing processes and basic materials industries," the 12th Five-Year "development plan"
	Industrial restructuring and upgrading plan (2011-2015) "
	Equipment manufacturing industry restructuring and revitalization plan

	South Africa
	Industrial Policy Action plan 
	Manufacturing Competitiveness Enhancement Plan
	Preferential Procurement Policy Framework Act 

















[bookmark: _Toc375297064]OPERATOR EQUIPMENT EFFICIENCY AND ASPECTS OF PRODUCTIVTY
Respondents in the survey indicated that there were certain areas of confidentiality that they were not comfortable with, and this related in many cases to the cost of personnel and in some cases to the qualifications of personnel.

[bookmark: _Toc375297065]Operation days/hours per day
China and India operate for the greatest number of day per annum and South Africa for the least number of days per annum as indicated in the figure below.


[bookmark: _Toc374692599]Figure 19: Days per annum that foundries operate


In terms of the average numbers of hours per day that foundries and their furnaces operate the following two figures show a mixed picture. All Russian Foundries operate for 18 hour days and the majority of Indian Foundries operate at 24 hours per day. Brazil and China are mixed. 


[bookmark: _Toc374692600]Figure 20: Average hours a day that the foundry operates.



[bookmark: _Toc374692601]Figure 21: Average hours per day that furnace operates



[bookmark: _Toc375297066]Staff qualifications

This section was answered by all countries except for China, and the data clearly reveals that Brazilian, Russian and Indian senior managers all have tertiary university degrees, but this is not the case for South African where only 25% of senior managers have tertiary degrees.



[bookmark: _Toc374692602]Figure 22: Qualifications of senior management 

The pattern of qualification continues in middle management where the majority of managers only have technical qualifications, though in the case of Russia some 20% also have university degrees. The Brazilian respondents show 50% of middle managers with tertiary degrees.


[bookmark: _Toc374692603]Figure 23: Qualifications of middle management

The situation with moulders is more interesting with Brazil and Russia showing that 100% of all moulders have technical certificates, which is in sharp contrast to India and South Africa. 


[bookmark: _Toc374692604]Figure 24 Qualifications of moulders 


The picture with regard to fettlers is that “on-the-job” training is the most important skills development tool, though Russia does have a significant number of fettlers with technical qualifications.


[bookmark: _Toc374692605]Figure 25 Qualification of fettlers


[bookmark: _Toc375297067]ENVIRONMENTAL ISSUES
Environmental regulation and environmental constraints are key areas that need to be factored into future development of the foundry sector.  How BRICS countries are presently responding to this issue is discussed below.

[bookmark: _Toc375297068]Enforcement and classifications
All countries reported that there was enforcement of regulatory laws. Air emissions in South Africa are controlled by exception only, and the government in Brazil is in the process of implementing air emission controls. Only Brazil and South Africa reported that foundry spent sand was classified as hazardous, and Brazil also classifies scrap as hazardous and restricted, this is not the case in any of the other countries.

[bookmark: _Toc375297069]Major perceived environmental constraints
The countries all provided an interesting overview of some of the major environmental constraints that they face in the foundry sector, including the following, broken down by country. Russia did not provide information on this issue.

[bookmark: _Toc374692862]Table 4: Major Environmental constraints
	Country
	Environmental Constraints

	Brazil
	Over-regulation of spent sand
	 
	 
	 
	 

	India
	Treated as polluting industry
	All foundries in red category in spite of technology / Process / Equipment
	Environmental clearance procedure takes time
	 
	 

	China
	Law of the People’s Republic of China on Environment Impact Assessment
	The Law of the People's Republic of China on Promotion of Cleaner Production
	Clean production standard for sand moUld casting
	 Chinese Foundry industry access system 
	 

	South Africa
	The high cost of spent sand disposal
	The department of environmental affairs
	The high cost of compliance with regulations
	The limited recycling opportunities
	Lack of capacity of inspectors or enforcers







[bookmark: _Toc375297070]GENERAL ISSUES
The research process revealed additional information that is both interesting and relevant to building an understanding of the sector in the BRICS countries.  This includes information on how the major foundries collaborate, interaction between foundries and institutions of research and development, which universities actually offer tertiary degrees in the field, where foundries are sourcing capital, and finally, information on how foundries are organising themselves  in terms of corporate structure.
[bookmark: _Toc375297071]Leading foundry collaboration
Leading foundries in all the BRICS countries co-operate closely and the following forms of co-operation were cited by respondents:
· Exchange of experiences;
· By supporting dissemination of Information by conducting seminars and factory visits to their foundries;
· Jointly development of projects;
· By partnering on various representative bodies;
· Co-operation to satisfy lead customers with joint projects;
· Workers and management staff training; 
· By liaison between themselves;
· Through facilitation by Foundry Associations and bodies.

[bookmark: _Toc375297072]Foundry-university/R&D Institution collaboration
All five countries reported positive collaboration between foundries and universities and research and development bodies.  The precise kind of collaboration was described as falling into the following categories:
· Joint research projects 
· Sustained support and links with foundries
· Jointly project development t 
· Joint projects in research
· Workers and management staff training 
· Development of curricula for training of apprentices
· Technical and topical workshops
· Mentoring interns




[bookmark: _Toc375297073]Number of universities offering degrees 
Aside from the data anomaly from India, the figure below throws some light onto the availability of tertiary skills in the foundry sector in each country. China has an astonishing 205 tertiary institutions offering relevant degrees, with 43 institutions in Russia, 12 in Brazil and a mere 6 in South Africa.




[bookmark: _Toc374692607]Figure 27: Number of universities offering foundry degrees

[bookmark: _Toc375297074]Sources of capital
In all of the BRICS countries banks play the major role in funding the procurement and installation of new equipment, expansions and upgrades. The ratios of bank loans as opposed to own cash were similar in all countries except for China, where there was a possible anomaly in the data.



[bookmark: _Toc374692606]Figure 26: Sources of capital

[bookmark: _Toc375297075]Corporate structure
The typical corporate structure of the foundries interview in each country also show an interesting picture with only China and South Africa showing both parastatal ownership of the foundries and direct ownership. Brazil shows no privately owned foundries. 




[bookmark: _Toc374692608]Figure 28: Typical Corporate structures of Foundries


[bookmark: _Toc375297076]CONCLUSION 
The report has stimulated robust debate among iron foundries around the key factors relating to the competitiveness of the sector both among BRICS countries and between BRICS countries and foundries in Europe and America. The process served to debunk some of the myths around the cost of energy in highly competitive countries like China and India, but it also confirmed the high costs of labour in countries like South Africa and Brazil. The reluctance of foundries to supply data on specific personnel costs meant that there was some lost opportunity in comparing the costs of different classes of employee. All in all, the process should allow BRICS countries to identify and focus on weak areas in order to enhance their competitiveness.










4. TOTAL NUMBER OF IRON FOUNDRIES IN YOUR COUNTRY	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	521.0	740.0	4000.0	16000.0	78.0	
5. OVERALL IRON PRODUCTION (VOLUME IN TONS)	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	2.36068E6	2.96E6	9.1E6	2.6E7	300000.0	TONS	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	236068.0	205000.0	481000.0	700000.0	150000.0	
TOTAL NUMBER OF EMPLOYEES IN IRON FOUNDRIES DIRECT	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	57600.0	340000.0	450000.0	1.2E6	6618.0	TOTAL NUMBER OF EMPLOYEES IN IRON FOUNDRIES INDIRECT	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	130000.0	150000.0	AVERAGE: JOBBING: PRODUCTION
AVERAGE	JOBBING	PRODUCTION	37.6	62.4	
JOBBING	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	14.0	25.0	75.0	30.0	44.0	PRODUCTION	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	86.0	75.0	25.0	70.0	56.0	
AVERAGE	1.    Grey/flake cast iron	2.    Ductile spheroidal graphite	3.    Ductile pipe iron	4.    Other (specify)  Steel	57.4	32.8	4.2	10.2	
1.    Grey/flake cast iron	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	70.0	60.0	60.0	65.0	32.0	2.    Ductile spheroidal graphite	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	25.0	30.0	39.0	33.0	37.0	3.    Ductile pipe iron	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	4.0	10.0	0.0	3.0	4.0	
Average sales value per ton	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	5000.0	4200.0	1533.215107361964	1017.391304347826	1419.602187456533	
AVERAGE	1.    Automotive	2.    Manufacturing	3.    Infrastructure	4.    Construction	5.    Mining	6.    Railways	7.    Agriculture	8.    Other (specify) 	38.36	19.1	8.860000000000004	2.75	8.75	6.76	11.75	10.65	1.    Automotive	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	62.0	45.0	36.0	27.8	21.0	2.    Manufacturing	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	16.0	16.0	19.0	20.5	24.0	3.    Infrastructure	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	8.0	19.0	4.0	11.3	2.0	4.    Construction	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	0.0	7.0	4.0	5.    Mining	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	0.0	2.0	33.0	6.    Railways	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	20.0	0.0	4.8	9.0	7.    Agriculture	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	30.0	14.0	3.0	8.    Other (specify) 	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	14.0	11.0	12.6	5.0	DOMESTIC	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	87.0	80.0	84.0	85.0	88.0	EXPORT	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	13.0	20.0	16.0	15.0	12.0	BRICS AVERAGE
AVERAGE	DOMESTIC	EXPORT	84.8	15.2	Alloys: Average cost per ton ($)	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	2025.0	2600.0	1212.96699813795	1587.5	1080.079355608592	
Scrap: Average cost per ton ($)	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	380.0	370.0	462.3115228156134	542.8571428571429	481.3685661764706	
Sand: Average cost per ton ($)	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	20.0	50.0	79.28758864609415	47.6923076923077	86.27134891910394	
Resins: Average cost per ton ($)	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	3350.0	2100.0	1564.928425357873	1578.947368421053	3633.131200000001	
1.    Municipal electricity	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	95.0	0.0	94.0	2.    National grid electricity	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	100.0	0.0	60.0	6.0	3.    Natural gas	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	0.0	0.0	4.    Coke/coal	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	40.0	0.0	5.    Paraffin	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	0.0	0.0	6.    fuel oil/diesel own generation 	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	3.0	0.0	0.0	7.    Other (specify) 	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	2.0	0.0	0.0	
KW/H per ton	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	650.0	790.0	1250.0	639.0	859.0	Cost of energy per ton $	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	99.0	158.0	200.0	110.0	147.0	
AVERAGE	KW/H per ton	Cost of energy per ton $	837.6	142.8	
COST PER KILOWAT/HOUR	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.1645	0.2	0.16	0.172	0.171	
Material	India	South Africa	Brazil	China	Russia	50.0	28.0	37.5	72.0	45.2	Energy	India	South Africa	Brazil	China	Russia	15.0	16.0	11.0	8.5	13.4	Labour	India	South Africa	Brazil	China	Russia	12.0	33.5	32.0	8.0	21.4	Equipment	India	South Africa	Brazil	China	Russia	8.0	14.5	9.0	8.5	7.2	Overheads	India	South Africa	Brazil	China	Russia	15.0	8.0	10.5	3.0	12.8	
DAYS P/A FOUNDRY OPERATES	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	250.0	250.0	302.0	300.0	242.0	
Average % hours that foundry operates 8 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	5.0	Average % hours that foundry operates 12 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	40.0	0.0	60.0	56.0	Average % hours that foundry operates 18 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	8.0	35.0	Average % hours that foundry operates 24 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	60.0	92.0	3.0	
Average % hours that Furnace operates 8 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	25.0	Average % hours that Furnace operates 12 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	40.0	0.0	40.0	63.0	Average % hours that Furnace operates 18 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	8.0	30.0	Average % hours that Furnace operates 24 hours	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	60.0	92.0	5.0	
Tertiary academic degree %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	100.0	100.0	25.0	Tertiary Technical certificate %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	27.0	Apprentice-ship %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	16.0	On the job training %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	24.0	
Tertiary academic degree %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	50.0	20.0	10.0	4.0	Tertiary Technical certificate %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	80.0	90.0	29.0	Apprentice-ship %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	15.0	On the job training %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	25.0	
Tertiary academic degree %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	0.0	Tertiary Technical certificate %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	100.0	8.0	Apprentice-ship %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	60.0	26.0	On the job training %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	20.0	51.0	
Tertiary academic degree %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	10.0	0.0	Tertiary Technical certificate %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	50.0	0.0	Apprentice-ship %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	20.0	0.0	On the job training %	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	40.0	30.0	92.0	
BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	12.0	43.0	205.0	6.0	
1.    Bank loans	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	100.0	70.0	70.0	15.0	60.0	2.    Subsidies from government	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	3.0	3.    Own cash 	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	30.0	30.0	20.0	40.0	
Listed companies with multiple shareholders	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	1.0	1.0	1.0	1.0	1.0	Directly government owned	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	1.0	1.0	1.0	Owned by a government parastatal	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	1.0	1.0	Privately owned	BRAZIL	RUSSIA	INDIA	CHINA	SOUTH AFRICA	1.0	1.0	1.0	1.0	
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