SUB GROUP-II

PRODUCTIVITY, TECHNOLOGY AND ENVIRONMENTAL ISSUES IN CEMENT INDUSTRY
1.0 
Introduction

1.1
The Indian cement industry is the second largest producer in the world comprising of 130 large cement plants and 206 operating mini cement plants consisting 13 rotary kiln plants and 193 VSK plants. The installed capacity and production during the year 2006-07 are expected to be 180 mn.t and 162 mn.t respectively. 76 large cement plants have ISO-9000 (Quality Management System) certification, 38 plants ISO-14000 (Environmental Management System) certification and 15 plants OHSAS-18000 (Occupational Health and Safety Management System) certification. Large number of cement plants are taking action for getting these certifications.

1.2
Modernization and technology up-gradation is a continuous process for any growing industry and is equally true for the cement industry. The Indian cement industry today is by and large comparable to the best in the world in respect of quality standards, fuel & power consumption, environmental norms, use of latest technology and capacity. The productivity parameters are now nearing the theoretical bests and alternate means, like alternate fuels and raw materials have to be found to ensure further improvement in productivity and reduction in production costs.

1.3
Cement industry being energy intensive, the energy conservation and alternate cheaper, renewable and environmentally friendly sources of energy have assumed greater importance for improving productivity. The major challenges confronting the industry today are raging insecurity in indigenous fuel availability, perennial constraints like higher ash content, erratic variations in quality of indigenous coal and inconsistent power supply with unpredicted power cuts. Keeping these challenges in view, the efforts by the industry towards energy conservation and finding alternate cheaper, renewable and environmentally friendly sources of energy must continue.

1.4
The role of R&D in the growth of cement industry cannot be overlooked. However, data reveal that the expenditure on R&D activities related to cement in India is much below compared to some of the developed countries and is progressively dwindling. One major paradox in the contemporary R&D canvas for the Indian cement industry is virtual absence of any R&D infrastructure for plant and machinery design. This deficiency is galling, considering that India is the second largest cement producer in the world, next to China. China has three flourishing Research and Design Institutes for cement plant and machinery catering, besides China, to a host of developing countries in meeting their needs of lower-cost cement capacity enhancement. This wide gap needs to be bridged by strengthening R&D base particularly on identifying and dovetailing the alternate cheaper, renewable and environmentally friendly sources of energy and design of state-of-art energy efficient and environment friendly process upgradation & plant machinery and equipment.

1.5
Human resources base and skill development of employees to cope up with the quantitative and qualitative demands of a fast expanding industry and changing technologies need continuous upgradation at all levels. The projected fast-track cement capacity growth to reach 298 mn.t by 2011-12 faces a threat of acute shortage of skilled and technical manpower, if one goes by the present disposition of their availability and slow incremental growth in India. To fulfill this objective, organizations like NCB at national level and RTCs at regional levels have to augment and diversify their HRD capability manifold through investments in infrastructure, HRD development packages and services. With the influx of new technologies and initiatives to provide alternate sources of energy and raw materials, the rules of the game shall be dynamic, and both management and engineering skills shall need up-gradation at the engineering and management levels.

2.0 
Review of Technological Status
2.1
Process Profile

2.1.1
The Cement Industry today comprises mostly of Dry Suspension Preheater and Dry-Precalciner plants and a few old wet process and semi-dry process plants. Till late 70’s the Cement Industry had a major share of production through the inefficient wet process technology. The scenario changed to more efficient large size dry process technology since early eighties. In the year 1950, there were, only 33 kilns out of which 32 were based on wet process and only one based on semi-dry process. Today, there are 162 kilns in operation out of which 128 are based on dry process, 26 on wet process and 8 on semi-dry process.

Changing Process Profile of Indian Cement Industry

	Item 
	1950
	1960
	1970
	1983
	1995
	2001
	2006

	Wet Process

Number of Kilns
	32
	70
	93
	95
	61
	32
	26

	Capacity (TPD)
	9151
	25011
	38441
	39641
	25746
	13910
	11420

	% of Total
	97.3
	94.4
	69.5
	41.1
	12
	5
	3

	Dry Process

Number of Kilns
	
	1
	18
	50
	97
	117
	128

	Capacity (TPD)
	
	300
	11865
	51265
	188435
	282486
	375968

	% of Total
	
	1.1
	21.5
	53.2
	86
	93
	96

	Semi-Dry Process

Number of Kilns
	1
	3
	8
	9
	8
	8
	8

	Capacity (TPD)
	250
	1200
	5000
	5500
	5244
	5260
	4195

	% of Total
	2.7
	4.5
	9
	5.7
	2
	2
	1

	Total Kilns
	33
	74
	119
	154
	166
	157
	162

	Capacity (TPD)
	9401
	26511
	55306
	96406
	219425
	310706
	391583

	Average Kiln Capacity (TPD) 
	285
	358
	465
	626
	1322
	1921
	2417


2.2
Kiln Capacity and Size 

2.2.1
The economic unit capacity for cement plants in India till early sixties was about 300 TPD. In mid sixties this was standardized at around 600 TPD for both wet and dry process plants. About a decade later, i.e. from mid seventies, the new plants installed were of 1200 TPD capacity. The advent of precalciner technology in mid eighties provided an opportunity to the industry to modernize and increase the capacity of existing dry process plants, to convert plants from wet to dry process as well as to set up large capacity plants incorporating the latest technological advancements. This led to installation of single line kilns of 3000 TPD (1 MTPA) capacity and more. The present trend indicates the preference of still larger kilns of about 6000 TPD capacity and above. Already there are nine kilns of 8000 tpd capacity in operation and three kilns of capacity 10000 – 12000 TPD are under installation. The liberalization of imports and lowering of customs tariffs in recent years have opened up further avenues of inducting state-of-the-art-technology and equipment in cement plants. The green-field plants being installed now are based on most advanced and the best available technology.

2.2.2
Plants with a total capacity of two million tonne and above at a single location, numbering 25, are having a total capacity of 65.6 MTPA accounting for 41% of installed capacity of large plants, whereas plants with a capacity between 1 to 2 million tonnes, numbering 48 are having a total capacity of 68.4 MTPA, accounting for 43% of installed capacity. Balance 57 plants are of capacity less than 1 MTPA, having a total capacity of 25.8 MTPA, accounting for 16% of total installed capacity of large cement plants.

2.2.3
Average annual installed capacity per plant in India is about 1.2 MTPA as against more than 2.1 MTPA in Japan. This is due to blend of small and large plants coming up at various stages and still operating in India as against smaller plants having been decommissioned in Japan. 
3.0
Present Status of Technology

A comparison of the status of the modernization in equipment and also the technologies absorbed or implemented by the Indian cement industry alongwith status of Global Technology is as under : 

Present Status of Technology

	
	Low Technology Plants
	Modern Plants
	Global Technology

	Mining & Material Handling
	Conventional
	Computer aided
	Computer aided

	Crushing
	Two stage
	Single stage
	In-pit crushing & conveying

	Conveying of Limestone
	Dumpers/Ropeway/ Tippers
	Belt conveyors
	Pipe conveyors, Belt conveyors

	Grinding
	Ball Mills with / without conventional classifier 
	VRM’s  Roll Presses with dynamic classifier
	VRM’s, Roll Presses, Horo Mills with dynamic classifier

	Pyro Processing

	Wet
Semi Dry 

Dry 

-
4 stage preheater
-
Conventional cooler
-
Single channel 
burner

	Dry
-
5/6 stage preheater

-
Hig
Efficiency 
Cooler 

-
Multi Channel 
Burner


	Dry
-
6 stage preheater

-
High Efficiency 
Cooler 

-
Multi Channel 
Burner

-
Co-processing 
of WDF

-
Co-generation 
of power

-
Low NOx/SO2 
emission 
technologies


	Blending & Storage
	Batch-Blending Silos
	Continuous Blending silos
	-   Continuous 
Blending
-
Multi-Chamber 
Silos

-
Dome silos


	Packing & Despatch
	Bag
	-
Bag

-
Bulk


	-
Bulk

-
Palletizing & Shrink Wrapping

	Process Control
	Relay Logic / Hard Wired / PLC
	-
DDC

-
Fuzzy Logic expert  system
	-
DDC

-
Neurofuzzy expert system

	Plant Size, TPD
	300-1800 
	3000-6000 
	6000-12000 


The directions in which the modernization activities are proceeding are as illustrated below :

3.1
Mining

3.1.1
For rational exploitation of the raw material source, a systematic mine plan is developed by cement plants. Computer-aided techniques for raw material deposit assessment to arrive at proper extraction sequence of mining blocks, keeping in view the blending operational requirements, are envisaged and put to use in number of units.

3.2
Crushing 

3.2.1
Mobile crushers have come in use in some of the newer plants, keeping in view the split location of limestone deposits and long conveying distances. The mobile crushing plant is stationed at the mine itself and raw material is crushed at the recovery site. 

3.3
Grinding

3.3.1
Vertical Roller Mills (VRM) have given the real breakthrough in the area of grinding. The VRM draws 20-30 % less electrical energy as compared to the corresponding ball mill system, apart from its ability to give much higher drying capacity. These mills can accept larger feed size and hence mostly be used with single stage crushing. VRMs are now being used in clinker and slag grinding and also as pre-grinder to existing grinding installations.

3.3.2
Another breakthrough that has come with the application of high pressure grinding rolls (HPGR) has been widely adopted in Indian cement industry. The HPGR is being used as pre-grinder for upgrading the existing ball mill systems. Different modes of operating HPGR in open circuit, pretreatment with circulation, pretreatment with de-agglomeration and recirculation and closed circuit are in operation. Such installations could achieve an increase in capacity upto 200% and savings in power consumption to the extent of 30 to 40% as compared to ball mills. 

3.3.3
High efficiency separators are now widely used for better classification of product and help in increasing the mill capacity besides reducing the specific power consumption. The new classifier designs include two-stage separation integrating primary and secondary separation. High efficiency separators are also used now with VRM’s for further improvement in their performance.

3.3.4
A new mill system called Horizontal roller mill has been developed which is capable of producing uniform raw meal and have advantages in processing raw materials containing higher percentage of quartz.

3.4
Pyro-processing

3.4.1
The introduction of precalciner technology has increased the production from the kiln by 2.0 to 2.5 times and enabled utilization of high ash coals with lower calorific value, as well as various agricultural and industrial combustible wastes. Systems have been developed to use fuels like lignite and petcoke and various alternate fuels. 

3.4.2
The advantages of economy of scale are fully exploited by the cement industry through the precalciner technology. Many single kilns capable of producing more than 6000 tpd capacity have already been installed and are operating with state-of-the-art technology and kiln capacities in the range of 10000-12000 tpd are under installation.

3.4.3
Many cement plants have some excess capacity at both upstream and downstream, which could be utilized economically if the kiln output can be increased at modest costs. Traditionally, the kilns have been designed with specific volumetric loading of 1.5 to 2.2 tpd/m3 for SP kilns and 3.0 to 4.0 tpd/m3 for precalciner kilns. The corresponding thermal loads in burning zone for such kilns have remained between 3.5 to 4.5 x 106 Kcal/m2/hr. Many cement plants have gradually increased the specific volumetric loading upto 7-7.5 tpd/m3, ensuring much higher than originally designed output. 

3.4.4
The introduction of high efficiency and low pressure-drop-cyclones have led to conversion of conventional 4-stage cyclone preheaters to 5-stage and even 6-stage cyclone preheaters with improved thermal efficiency. 

3.4.5
The latest development like controlled flow grate clinker cooler system and cross bar cooler ensure better clinker distribution, increase in cooler heat recuperation efficiency, decrease in clinker exit temperature and reduced maintenance costs. 

3.4.6
The limitations of the conventional straight pipe burner have been overcome by use of highly flexible multi-channel burner. The multi-channel burner enables easy and sensitive flame shape adjustment as well as gives rise to better entrainment of secondary air. 

3.4.7
High Alumina refractory bricks which were mostly used in pre-heating / pre-calcining zone in the past, are now replaced by light weight high strength insulating bricks. The Aluminum-Zirconium-Silicate bricks with coating repellent properties are also in use now in transition zones. With the new improved refractory bricks it is possible to increase the refractory lining life and reduce the radiation losses in the kiln. Greater use of monolithic refractories in pre-heater, pre-calcinator, cooler, kiln outlet zone etc. is in practice now.

3.4.8
Conventional analog instrumentation is gradually being replaced with digital instrumentation. The large mimic diagrams used of late are being replaced by cathode ray tube (CRT) display. Motor controls by relay sequence are being changed to programmable logic controllers. Analog PID controllers are being replaced with multi-loop digital controllers. Due to the advent of microprocessors, a variety of advanced control concepts like adaptive control, self-tuning control, feed forward control, etc. have been introduced in the Indian cement industry.

3.4.9
As a corollary to automation, quality is also maintained by continuous monitoring of the raw mix composition with the help of X-ray analyzer and automatic proportioning of raw mix components. New type of on-line bulk material analyzers have also been developed based on Prompt-Gamma-ray Neutron Activation Analysis (PGNAA) for giving maximum control over raw mix. The analyzer quickly and reliably analyses the entire flow-on-line providing real time results. The latest trends in on-line quality control include computers and industrial robots for complete elemental analysis by X-ray fluorescence, on-line free lime detection and particle size analysis by latest instrumental methods and x-ray diffraction techniques respectively.

3.4.10
It is also important to phase out the manual sampling systems especially so when the super high capacity plants are being installed, and the stakes are high. Auto sampler technology should be dovetailed into the plants for ensuring disciplined sampling and control.

4.0
Upgradation of Technology of Low Technology Cement Plants

4.1
The technological spectrum in the industry is very wide. At one end of the spectrum are the old wet process plants, while at the other end, are the new state-of-the-art technology plants presently being built by the Industry. In between these two extremes, are the large number of dry process plants built during the period 1965-90. These plants could not fully modernise or upgrade side by side with advent of newer technologies and had thus remained at intermediate technology level. Also, the level of technology is not same at all the plants built during the same period.

Majority of the cement plants in the country in the capacity range of 0.4 to 1.0 MTPA were set up more than 15-20 years ago i.e. before 1990’s. They were based on state-of-art technology at that time. Since then, numerous developments have taken place in the cement manufacturing technology.

Though some of the old plants have been modernized to a limited extent by retrofitting the new technologies, substantial scope still exists for adopting the state-of-art technologies and bringing the old plants at par with world-class plants in terms of productivity, energy efficiency and environment friendliness, leading to cost competitiveness.

Moreover, the emission norms are likely to become more stringent in future and at the same time, the cement plants will be required to utilize waste derived raw materials and fuels to a large extent. The modifications of old plants to comply with these future requirements will also become inevitable. Therefore, there is a need to carry out a comprehensive assessment of all the earlier generation plants in the country to identify the extent of modernization required to improve their all round efficiency and enable them to meet the future criteria of viability, competitiveness and compliance with regard to energy consumption enabling them to comply with the provision of the Energy Conservation Act 2001. 

4.2
Perceived Benefits of Technology Upgradation

It is envisaged that the technology upgradation measures for the Pre-1990 era cement plants would result in :

· Increase in capacity
:
25-30 MTPA

· Reduction in thermal energy consumption
:
15-20 kcal/kg clinker

· Reduction in electrical energy consumption
:
5-10 units/t

· Reduction in cost of production of cement
:
5-10% because
    of above initiatives 

· Reduction in energy costs through co-processing
:
10–15% 

· Reduction in the CO2 emissions 
:
20%


(through blended cements & energy conservation)



5.0
Future Modernization Needs of the Indian Cement Industry

5.1
Although the industry has largely set up plants with energy efficient equipment, there are still some areas for further improvements like : 

· Appropriate pre-blending facilities for raw materials 

· Fully automatic process control and monitoring facilities including auto samplers and controls.

· Appropriate co-processing technologies for use of hazardous and non hazardous wastes

· Interactive standard software expert packages for process and operation control with technical consultancy back-up

· Energy efficient equipment for auxiliary/minor operations 

· Mechanized cement loading operations, palletization/shrink wrapping 

· Bulk loading and transportation, pneumatic cement transport

· Low NOx/SO2 combustion systems and precalciners

· Standards for making composite cement so that all the fly ash and other industrial wastes viz. slag are fully used.

· Co-generation of power through cost-effective waste heat recovery system (only one demonstration unit in operation)

· Horizontal roller mills (Horo Mills) for raw material and cement grinding

· Advanced computerized kiln control system based on artificial intelligence

5.2
To motivate the industry to adopt state-of-the-art equipment and technologies for further improving the environmental performance and energy efficiency, duty free import should be allowed.

6.0
Fuel Requirements and Alternate Sources of Energy

6.1
Fuel 

Coal continues to be the main fuel for the Indian cement industry and will remain so in the near future as well. The industry is mainly using coal from various coalfields in the country. It is also procuring coal through open market and direct imports. Lignite from deposits in Gujarat and Rajasthan is also being used by cement plants. Pet coke has also been successfully utilized by some cement plants, mainly in Gujarat, Rajasthan and MP, thereby substituting main fossil and conventional fuel coal upto 100% in some plants. In the recent past, waste derived fuels including hazardous combustible wastes have also been tried due to economic pressures in cement manufacturing process owing to tough competition in domestic and global markets as well as ecological reasons on account of waste disposal and co-processing in cement rotary kilns being most effective mode of waste treatment.

6.2
Alternate Sources of Energy

Cement manufacture is a highly energy intensive process. Thermal Energy itself account for 20-25% of the cost of cement production. The increasing costs of conventional fuels besides environmental considerations for conservation of non-renewable fossil fuels have drawn major attention of Indian manufacturers to substitute them with alternate/waste derived fuels (WDF) including hazardous combustible wastes (HCW) and cut down the energy costs. Further, for minimizing dependence on coal, it is necessary to use alternate fuels of sufficient combustible value to the extent possible. Use of alternate/high grade fuel depending upon their availability, costs, logistics etc., therefore becomes imperative. 
While the use of alternate fuels/WDF by cement industry primarily began for economic reasons, it eventually proved to be more beneficial in relation to ecological objectives. The utilization of alternate fuels/WDF by the cement industry is expected to reduce green house emissions. The practice of using WDF/HCW has been evolving and growing over the past two decades in the cement industry in several countries abroad. Scrapped tyres, ETP Sludge, MSW fluff, refinery tank bottom sludge, oil contaminated soil, drill cuttings waste of oil exploration are the most commonly used combustible wastes in the cement industry throughout the world, substituting fossil fuels (coal/fuel oil/natural gas) upto 30% and higher in some cases. The second largest used alternate fuel in cement manufacture is waste oil. Waste plastics, refinery sludge, sewage sludge, animal bone meal, wood waste, saw dust, coconut shells, rice husk, paper etc have also been widely used.

Co-processing in cement kilns is considered as a technically feasible and economically viable option not only for treatment of wastes having combustible value, but also a better and a cost effective option for co-processing other hazardous wastes too, owing to the wide range of temperature levels from 8000C to 1600-17000C with a wide spectrum of residence times upto 3 minutes, and the biggest advantage of the complete absorption of the ash in the cement complex compounds. With this wide range of temperature and residence times almost all types of hazardous, non hazardous, combustible and non combustible wastes can be co-processed in the cement kilns. Alkaline combustion environment and oxidizing atmosphere in the kiln help in complete destruction of toxic/hazardous organic components of HCW. Thus, co-processing of wastes in cement kilns is the most effective way for disposal of wastes compared to methods of their disposal through landfills or incineration in dedicated waste incinerators. In latter methods of treatment for wastes, energy is not recovered. The use of combustible wastes in cement kilns is regarded as “energy recovery” unlike “disposal” if land-filled or incinerated. 

6.2.1
Advantages of Co-processing in Cement Rotary Kiln

The direct and indirect benefits accrued through co-processing of combustible wastes and secondary fuels in cement kilns are :

· Conservation of fossil (non-renewable) fuels.

· Reduction in energy costs

· Effective method of waste disposal resulting in elimination of incineration and land filled residues due to their absorption in clinker

· Prevention of environmental degradation

· Reduction in green house gas emissions and global warming alleviation
· Minimising environmental impact due to reduced load on coal mining
6.2.2
Experiences of Using WDF in Overseas Cement Plants 

A host of hazardous combustible wastes derived from a variety of industries are regularly recycled by cement plants in EU Countries. The 
consumption of cut or shredded tyres alone is on the verge of reaching one million tonne. Over the past 20 years, the European Cement Industry has reduced its energy consumption by 30%, equivalent to saving of approximately 11 million tonnes of coal per year. In 2004-05 alone, EU countries substituted around 3.5 million tonnes of conventional fossil fuel. Cut tyres are already being burnt as a partial replacement of main fuel in four UK cement works. Once authorized for the trials, cement plants are subjected to a rigorous programme of monitoring of emission levels and testing of samples. One of the most comprehensive trials with tyres as secondary fuel at BCC’s Westbury plant demonstrated a 27 percent reduction in the works overall impact on the local environment. Emission results showed an increase of sulphur dioxide (SO2), whilst still remaining 30 per cent below permissible limits, 43 percent reduction in emissions of dioxins and furans without significant change in the emissions of heavy metals.

At Lafarge’s Cauldon site, the stack emission results during the period of trials with tyres substituting 15% coal and coke, are summarized below :

Impact of Tyre Derived Fuel (TDF) on Stack Emissions

	Pollutant
	Stack Emissions (mg/m3)
	Percentage Change

	
	With Main Fuels

(Coal & Coke)
	With Main Fuels Plus

TDF (15% Substitution)
	

	Particulates
	60
	60
	No change

	NOx
	1180
	800
	- 32

	SO2
	500
	500
	No change

	VOC’s
	129
	68
	- 47

	Dioxins
	0.12 ng/m3
	0.03 ng/m3
	- 75


Based on above results, the above plant has been granted permission by the Environmental agency to use tyres substituting conventional fuels upto 25%.

6.2.3
Emission Limits by European Commission

The emissions limits for cement kilns utilizing WDF prescribed by European Commission (Directive 2000/76/EC) are shown below :

Emission Limits for using WDF in Cement Kilns

	Component
	Limit value (mg/m3)

	Dust
	30

	NOx
	800 (existing plants); 
500 (new plants)

	SO2
	50

	Total organic compounds
	10

	HCl
	10

	HF
	1

	Dioxins and furans
	0.1

	Cadmium + Thallium
	0.05

	Sb + As + Pb + Cr + Co + Cu + Mn + Ni + V
	0.5

	Mercury
	0.05


However, in India, there are emission limits only for particulate matter (dust).

6.2.4
Initiatives on Co-processing of WDF in India
Use of hazardous and refuse derived combustible and Municipal Solid Waste (MSW) as fuel is common in countries like Canada, EU, Japan and Korea. Encouraged by the successful implementation and benefits achieved from waste utilisation using best available techniques in other countries, a few cement plants in India have also attempted to co-process the WDF. CPCB is actively engaged in plant level trails in respect of wastes viz. used tyres, refinery sludge, paint sludge, effluent treatment plant (ETP) sludge and toluene Di-Isocyanite (TDI) tar waste from petroleum industries and in formulation of guidelines for use of these wastes as fuel by cement industry.
6.2.5
Potential Alternate Fuels in India
A few cement plants have already started using pet coke in substantial quantities, lignite and several combustible wastes like rice husk, bamboo dust etc. Presently a number of cement plants are utilizing pet coke to the extent of 60-80% and agricultural wastes such as rice husk and bamboo dust to the extent of 10-15%. Natural gas is considered as a promising fuel in the near future for cement industry particularly for those plants located in the vicinity of natural gas sources, or far off from the coal deposits or using low/marginal grade limestone, which otherwise can not be utilized rationally. However, availability of gas for cement industry is still a remote possibility because of its high costs, limited availability due to large dependency on OPEC countries and high cost of laying pipelines for the transportation of gas.
The following fuels are considered to have good potential in the present context of Indian economics to either partially or fully substitute coal in cement manufacture in the coming years. 

· Pet coke 

· Lignite 

· Natural gas 

· Waste derived fuels (including used rubber tyres)

· Refuse derived fuels

· Bio-mass wastes including fruit of Jatropha Carcus, Pongamia & Algae.

Pet coke : A residual product from oil refinery with relatively low volatile matter, insignificant ash content and high calorific value, but often with high sulphur content as compared to Indian coal. Petcoke production in India is presently around 2 MTPA, out of which about 1.50 MTPA is used by major Indian cement plants. Petcoke has been successfully used in kiln firing upto 100%; however, a few cement plants are using petcoke also in the precalciner alongwith coal to a large extent. 

Lignite : A natural fuel with low ash content and high calorific value compared to coal is considered a promising alternate source of fuel for cement plants particularly located in the vicinity of lignite deposits. The important known deposits of lignite in India are in Tamilnadu, Rajasthan, Gujarat, J&K and Kerala. The total geological reserves of lignite have been assessed at over 24000 million tonnes. About 90 % of these occur in Tamilnadu alone. 

Natural Gas : An excellent fuel for effective utilization of marginal grade limestone and conserve higher grade limestone for future needs. Natural gas reserves in the country are estimated at 718 billion cubic meters (BCM). Out of these, 253 BCM are on the on-shore and remaining 465 BCM on the off-shore. Assam (on-shore) has the maximum reserves of 156 BCM followed by Gujarat (on-shore) with 93 BCM. The major gas fields in India are western (off-shore), Krishna-Godavari (off & on-shore), Cauvery (on-shore) Assam (on-shore) and Jaisalmer (on-shore).

Wastes Derived Fuels : The use of industrial wastes can provide twin benefits - energy conservation and environmental protection. However, various factors such as availability, characteristics, economics and effects on kiln operation, refractory lining and product quality etc. need to be assessed, prior to its use in cement manufacture. From legislative point of view, while there are no restrictions on recycling biomass or agricultural wastes, use of combustible and hazardous wastes, including toxic wastes from chemical, pesticides, pharmaceutical, petroleum refining and other industries are awaiting clearance from the CPCB and State Central Pollution Control Boards. 

Shredded Tyres typically have a sulphur content of 1-2 %. They contain chlorine, metals such as cadmium, chromium, zinc and benzene compounds. In modern kiln system with calciner and high precalcination rate the use of complete tyres through kiln inlet is restricted to a relatively small amount of 5 % of fuel requirement. To use higher proportion in calciner, size reduction to pieces of maximum 50x50 mm in size is necessary.

Share of Hazardous Combustible Waste utilization in EU countries

	Country
	Year
	Percent
	Year
	Percent

	Belgium
	1999
	30
	2005
	45

	Denmark
	1999
	4
	2005
	30

	Germany
	2001
	30
	2005
	45

	Finland
	2000
	3
	2005
	30

	France
	1999
	27
	2005
	40

	Great Britain
	1998
	6
	2005
	25

	Neither lands
	1999
	72
	2005
	75

	Austria
	1999
	29
	2005
	40

	Poland
	1999
	1
	2005
	15

	Portugal
	1999
	1
	2005
	20

	INDIA
	1999
	0
	2005
	0


Quantities of waste Fuels in Cement Industry of EU

	Waste Type
	Quantity in 1997
(x103 tonnes)
	Estimated (2003)
(x103 tonnes)

	Waste Tyres/rubber
	413
	469

	Household RDF
	115
	132

	Sewage Sludge
	81
	99

	Used Oil, Spent solvent and Hazardous waste
	1038
	1140

	Plastics
	71
	85

	Waste Paper
	27
	31

	Waste Wood
	9
	12

	Others
	44
	53

	Total
	1800
	2050


Refuse Derived Fuel (RDF) from Municipal Solid Wastes : The generation of municipal solid wastes (MSW) in the country is estimated around 45 MTPA during 2005-06, which is expected to go upto about 55 MTPA by 2010. Presently, more than 10 MTPA of MSW are generated per year in 23 large cities/metros. New Delhi and Mumbai generate about 4500 tpd (1.5 MTPA) and around 6000 tpd (2.0 MTPA) of MSW respectively. The safe disposal of municipal solid wastes has become an environmental problem and a health hazard because of pollution in the surrounding environment of the garbage dumping yards. These dumps constantly produce and release methane gas, which contributes to global warming. The new technologies developed elsewhere in the world can be adopted for converting MSW to RDF, which is a rational approach of solving the disposal of MSW. 

Bio-mass Wastes : The following Biomass is widely used in Indian cement plants depending upon the location and availability of the same.

· Ground nut shell

· Coconut shell

· Mustard stem

· Coir waste

· Wood waste 

· Rice Husk

· Cashew Shell

· Bagasse

· Parthenium Grass

· Saw Dust

The availability of agricultural wastes is seasonal and, therefore, cement plants cannot be assured of continuous supply round the year.
Currently there is a National Drive towards generation of Bio-Diesel. It is widely discussed that Bio-Diesel can reduce India's dependence on fossil fuel for its energy needs and simultaneously it would reduce global warming & greenhouse gases. Bio-diesel is an eco-friendly, alternative diesel fuel prepared from domestic renewable resources i.e. vegetable oils. It is a mono-alkyl ester of long chain of fatty acids derived from vegetable oil and is produced by trans-esterification of vegetable oil with methanol or ethanol. Trans-esterification is a reaction of oil (Triglycerides) with alcohol to form ester and glycerol. 

Another very important biomass plant which can be grown in the water bodies is Algae. Algae have calorific value as good as coal. The Algae (Genera Amphora, Cymbella, Nitzschia, etc.) and green Algae (Chlorophyceae & genera Chlorella in particular) have an oil density of about 50% by weight. It is recorded that Algae can under controlled conditions produce 15,000 gallons of oil per acre per annum. The Algae is harvested daily, and a combustible vegetable oil is squeezed out, which can be used as bio-diesel for automobiles. The dried green flakes that remain can be further reprocessed to create ethanol. The calorific value of Algae oil is 9572 kcal/kg approx. and that of the Algae bio mass (50% oil content) is 4786 kcal/kg approx.

Algae is a carbon dioxide gobbling plant, and thrives on it, in the presence of water and sunlight. Algae farms would be based on the use of open, shallow ponds in which some source of waste CO2 could be efficiently bubbled into the ponds and captured by the Algae. It is understood that CO2-gobbling Algae technology has been developed that uses a screen-like algal filter, capable of handling 140 cubic meters of flue gas per minute - equal to exhaust from 50 cars or a 3 MW power plant. The same technology can be used in the stacks of Power plant and cement kiln to reduce our CO2 emission and produce bio mass for replacing coal. This would be a fine example of using the natural growing Algae, as a CO2 recycling agent to produce coal equivalent fuel. Algae is like a breath mint for smokestacks and will reduce CO2 emissions too. 

7.0
Energy Management

7.1
Energy Performance Scenario

The industry’s average consumption in 2005-06 was 725 kcal/kg clinker thermal energy and 82 kWh/t cement electrical energy. It is expected that the industry’s  average  thermal  energy  consumption  by  the end of   XI Plan (Year 2011-12) will come down to about 710 kcal/kg clinker and the average electrical energy consumption will come down to 78 kWh/t cement.

The best thermal and electrical energy consumption presently achieved in India is 667 kcal/kg clinker and 68 kWh/t cement which are comparable to the best figures of 650 kcal/kg clinker and 65 kWh/t cement in a developed country like Japan.

7.1.1
The improvements in energy performance of cement plants in the recent past have been possible largely due to :

· Retrofitting and adoption of energy efficient equipment

· Better operational control and Optimization

· Upgradation of process control and instrumentation facilities

· Better monitoring and Management Information System

· Active participation of employees and their continued exposure in energy conservation efforts etc.

7.2
Cogeneration of Power utilizing Waste heat in Cement Plants

In case of dry process cement plants, nearly 40 percent of the total heat input is rejected as waste heat from exit gases of preheater and cooler. The quantity of heat lost from preheater exit gases ranges from 180 to 250 kcal/kg clinker at a temperature range of 300 to 400oC. In addition, 80 to 130 kcal/kg clinker heat is lost at a temperature range of 200 to 300oC from grate cooler exhaust. The waste heat have various applications such as drying of raw materials and coal, but even after covering the need for drying energy in most cases, there is still waste heat available which can be utilized for electrical power generation thereby making additional power available and reducing CO2 emission.

The cement industry is yet to adopt the cogeneration technology due to various technical, financial and institutional barriers. Recently, a model demonstration project has been jointly implemented by New Energy and Industrial Technology Development Organisation of Japan (NEDO), and Govt. of India under Green Aid Plan (GAP). The system has been installed on a kiln of 4550 tpd clinker capacity with 4 stage suspension preheater and precalciner. The exhaust gas flow through preheater (PH) boiler is of the order of 3,60,750 Nm3/hr at 340oC whereas through air quench cooler (AQC) boiler, it is 1,96,000 Nm3/hr at 360oC. The power generated is of the order of 7700 kW at 6.6 KV. The installation cost of the system is around Rs 840 million. The economic efficiency analysis indicates reduction of :

· 56.07x106 kWh of power purchased - Rs 232.70 million/year

· Fossil fuel consumption of 14517 tonnes/year

· CO2 emission of about 45098 tonnes/year

Presently, there are 60 dry process cement plants having a capacity of 1 mtpa and above which need to be studied for assessing suitability for cogeneration of power which will largely depend upon quantity and quality of waste heat available, quality of grid power and its cost etc. Further, there is a need to identify the technical and institutional interventions that would enable the technology adoption on a large scale.

Moreover, since the cost of installation of such cogeneration power plants which work on bottoming cycles due to low/medium temperatures of exhaust gases, is very high, the govt. should consider incentivising setting up plants for cogeneration of power through waste heat recovery in production process. The incentives could include capital subsidy and tax exemption. 

8.0
Benchmarking Process, Operation and Management Control Practice by Indian Cement Industry

8.1
The objectives of benchmarking exercise carried out jointly by CMA & NCB are :

· Best practice identification in technology, management or control – monitoring

· Assessment of gaps in technology/management

· Investment sensitivity assessment

· Selection of optimum technology/management at minimum cost and maximum benefit

· Least cost strategies for CO2 emission reduction

8.2
A review of the progress indicates encouraging trend and achievement of the objectives with participation of 75 operating plants in the benchmarking exercise comprising around 70% of the total number of plants. Capacity wise, the participating plants cover 67% of the total installed capacity. The remaining cement plants are expected to participate in the benchmarking exercise by the middle of XI Plan.

8.3
The success achieved and its usefulness has instilled confidence for its further expansion during the XI Plan, on the following lines :

· To implement the on-line system for data entry at plant level, their analysis at CMA and on-line despatch of results to the participating plants.

· To enlarge the participation to cover 100 plants, or 85% of the total capacity.

· To involve plants from other countries in the benchmarking exercise by approaching individually or through their association.

8.4
A general review of performance of cement plants in the stated countries reveal the following :

· Energy conservation in modern plants in India is better than all other countries except Japan & Korea.

· The energy consumption of vintage plants in India compares fairly better than similar plants in Arab Union, Turkey and Iran but are behind similar plants in Canada and Switzerland.

· Japan & Korea have stringent particulate emission limits followed by Canada, European Union (EU) and then India.

· Recycling of industrial wastes in manufacture of cement is highest in Japan followed by India.

· Japan, US, Canada and EU use more than one industrial waste to manufacture composite cement. However, composite cement is not allowed to be manufactured in India due to absence of BIS standards.

· Use of hazardous and refuse derived combustible and Municipal Solid Waste (MSW) as fuel is common in countries like Canada, EU, Japan and Korea, but regulations do not yet permit in India.

· Comparison of fuel consumption between Indian cement plants and plants in Japan, Canada and EU shows wide margin in favour of the latter on account of proportionate credits derived in substituting fossil fuel consumption.

Regular exchange of data on respective plants will be taken up, once the on-line version takes off. This would help in graduating from National level benchmarking to International level and the focus would shift to achievement of international best practices.

9.0
Recycling Technologies

9.1
Generation rate of hazardous wastes at about 4 MTPA and Municipal Solid Waste (MSW) at about 45 MTPA is posing a very serious threat to the society from the safety, health and environment considerations. Moreover, there are several non-hazardous wastes from agricultural activities and industries amounting to about 400 MTPA that need proper measures and guidelines for their gainful utilization.

9.2
Some initiatives being planned and implemented by various agencies at centre and state level are not entirely adequate at present. Hence, there is an urgent need to address the issue of gainful utilization and safe disposal of hazardous and non-hazardous wastes including MSW. Cement industry and power plants can provide a very safe, controlled and ecologically sustainable solution for this problem.

9.3
Cement industry, in the past, has successfully utilized the wastes such as fly ash from thermal power plants, slag from steel plants and phospho-gypsum from the fertilizer industry. Now it is ready to offer solution for the management of all kinds of wastes by co-processing them in the kiln and captive power plant (CPP) as alternate fuels and raw materials (AFR’s) depending upon their physico-chemical properties.

9.4
Proposed Initiatives 

The various initiatives to be taken up in the XI plan towards the above objectives are :

9.4.1
Manufacture of Composite Cement

Composite cement is generally manufactured as an admixture of clinker, gypsum and more than one industrial waste in varying proportion depending upon the cement produced. 

The European Standard EN-197 allows combination of various industrial waste such as granulated blast furnace slag (GBFS), fly ash, silica fume, natural and calcined pozzolana, burnt shale etc. in cement. This provides avenue for better utilization of the various kinds of wastes to a large extent than at present.

Non availability of the standards for composite cement in India, prevent manufacturers from utilizing both fly ash and slag when they are available in the same place. They have to perforce choose one of them, for logistic reasons. For example, we take the cement plants located in the Eastern part of India. Most of them have captive power plants, and there are other power plants too in the vicinity, generating fly ash. But because the plants are making slag cement, they are unable to use not only the fly ash of the near by power plants, but also of their own captive power plants.

Indian cement industry has represented to BIS to formulate suitable standards for the composite cements in line with the European Standards. If these standards are implemented, the usage levels of fly ash and GBFS in cement will stand greatly enhanced reducing their impacts on the environment.

9.4.2
Formulation of Guidelines

Ministry of Environment & Forests (MoEF) should formulate guidelines for :

· Implementing the principle – “Polluter to pay” for disposal of wastes

· Treatment, Storage & Disposal Facilities (TSDF) for cost effective co-processing of waste in cement kilns as an alternate to incineration, and

· Restricting land filling of hazardous and toxic combustible wastes having potential for co-processing in cement kilns should be formulated.

9.4.3
Upgradation of Central Laboratories to Analyse Hazardous Wastes

The laboratory facilities available at national and states level are not adequate to cater to the Hazardous wastes characterization. There is a need to augment these facilities to meet the Hazardous Waste characterization demand. Some efforts are already in progress with the help of GTZ. However, other national laboratories need to be equipped with these facilities. 

9.4.4
Conversion of MSW into Coal Equivalent Fuel

Measures are required for its proper management and co processing in cement kiln as the best option. The unsorted MSW has very low calorific value (1000 – 1600 Kcal/kg), and has contamination possibility from unknown sources. For co-processing MSW in cement kilns, quality control on the MSW is very important and it should have higher calorific value in the range of at least 3000 Kcal/kg. 

9.4.5
Use of Algae Growth as Fuel through Carbon Dioxide Fertilization

Algae farming offer one of the best opportunities to recycle and reduce CO2 emissions in cement manufacture. Algae harvested from these farms can provide sufficient biomass which can be used as fuel back in the kiln thereby recycling CO2. This approach will reduce the fossil fuel consumption in the kiln and reduce CO2 generation.

Several efforts towards this objective are in progress worldwide. It is proposed that initiative should be taken to set-up a pilot project under public-private partnership for use of Algae growth as fuel through carbon di-oxide fertilization.

9.4.6
Incentives to Use Biomass in Coal Based Power Plants

Use of biomass for power generation in the captive power generation units is one of the major avenues for cement industry to reduce the use of fossil fuels. There are two considerations that limit the use of biomass by them. 

· Cost of biomass based fuels and 

· AFBC boiler technology used in these power plants.

To increase the use of biomass in the CPPs of cement plants, it is desired that incentives be provided on tonnage basis and capital incentive be given for modification of Fluidized bed Combustion boilers (FBC) to Circulating Fluidized Bed Combustion Boilers (CFBC). 

9.4.7
Incentives to Cement Plants for Plantation of 
           Jatropha and Castor Oil Plants

The fruit complete with the shell and the seed with oil has a calorific value equivalent to coal, and can be easily fed to the cement kiln, through an additional feeding and transport arrangement. For every million trees, from the fourth year onwards the plantation can supply bio mass fuel equivalent to 5000 tonnes of coal. If we plant castor oil plants in between the Jatropha trees, then another 5000 tonnes of bio fuel can be generated per million trees. Thus from a million tree plantation 10000 tonnes of fuel can be replaced every year. The castor oil can be harvested every year and the total bio mass can be used in the kiln. Incentives should be provided to the cement industry to grow bio mass generating trees like Jatropha and Castor oil, and use the fruit as fuel replacing the fossil fuel (coal).

It is proposed that excise duty should be lowered by 25% on clinker produced through co-processing of hazardous wastes and bio-fuels, subject to minimum of 20% replacement of conventional fuel. This would go a long way in providing the solution to the energy crisis.

10.0
Pollution Control and Use of Waste Materials

Cement being one of the six core sector industries, plays a vital role in infrastructure development especially in a developing country like India. Sustainable growth of the industry for enabling sustainable growth of infrastructure calls for leveraging pollution control measures with rapid growth of the industry.

Notably, unlike in most chemical, agro-industrial and metallurgical industries, cement manufacture does not significantly generate any toxic, hazardous or obnoxious pollutants. It contributes to atmospheric pollution in the form of suspended particulate matter (SPM) and emission of a major green-house gas like CO2, generated from decomposition of the carbonate raw material (mostly limestone) and burning of fossil or alternate fuel (coal, lignite, petcoke etc). Ecological concern arising from the degradation of mined out area is also one factor in the pollution control initiative of the industry. Fugitive (particulate) emission is also a potential pollutant during in-process material handling in several stages of cement manufacture; ranging from limestone excavation to final packing of cement. The contemporarily adopted state-of-the-art-technology in cement manufacture has also incorporated advanced air pollution control devices (APCD), equipment and systems like bag filters and ESPs, and the contribution to the atmospheric pollution has been drastically reduced. This is endorsed by the fact that leading cement plants have become traditional winners of trophies for regional best practice and performance in environmental protection, corporate social responsibility, and in upliftment of the quality of life for the neighbourhood population. 

10.1
Emission Levels- Standards and Practices

The Central Pollution Control Board (CPCB), has brought out the standards for emission levels for particulate matter from stacks in cement plants in the year 1987.

Particulate Emission Norms in India

	Capacity
	Emission Limit (mg/Nm3)

	
	Protected Area
	Other Area

	<200 TPD
	250
	400

	>200 TPD
	150
	250


In continuation Ministry of Environment and Forests has notified standards on 03 February 2006 under Environment (Protection) Rules 1986 which is as under :

	Sl.
No.
	Cement Plant
	Emission Limit (mg/Nm3)

	1
	New Cement Plants
	50

	2
	Cement plants located in critically polluted area and urban area having population of 1 lakh & above
	100

	3
	Existing cement plants
	150


The general level of permissible dust emission in India for existing operating plants is 150 mg/Nm3. However, the limit for new plants in our country is 50 mg/Nm3 which is at par with various countries.

The norms of particulate emission in other countries are as shown below :

	Country
	Emission Limit (mg/Nm3)

	Australia
	50

	Germany
	50

	South Africa
	120

	Switzerland
	50

	Japan
	100

	U.S.A.
	100/50

	Portugal
	100 (Existing Kilns)

50 (New Kilns)


Apart from the Regulatory measures, the Central Pollution Control Board, following the provisions in the Charter of Corporate Responsibility for Environmental Protection (CREP) – A joint Government-Industry initiative inked in 2003, is in the process of development of :

· Load Based Emission Standards

· Norms for SO2 and NOx emission levels

· Guidelines for reduction of fugitive emission in cement plants.

These are pursued in association with expert agencies, knowledge bodies and the cement manufacturers. These measures will further help to reduce the overall emission loads. The present status of the above initiatives is as under :

Load based emission standards:  CPCB has proposed the load-based standards for particulate emission from cement plants. The views on the proposed emissions are being collected from stakeholders.

SO2 and NOx emission standards: CPCB and NCB have compiled the emission levels/ data of SO2 and NOx from various cement plants in the country. Soon the emission standards are to be developed keeping in view the technology available to reduce emissions of these gases.

Fugitive emissions: CPCB has proposed guidelines for prevention and control of fugitive dust emissions in cement plants. The views of the stakeholders are being incorporated.

10.2
Pollution Control Compliance

The CPCB conducts regular survey of pollution control compliance of individual cement plants and compiles the data for the entire industry at regular intervals for initiating measures for further improvement. As per the latest joint survey in 2005 by the National Task Force, it was observed that all large plants have provided necessary air pollution control equipments to control dust emission and are 100% compliant with emission standards of Central Pollution Control Board (CPCB).

10.3
Constraints faced by the industry 

10.3.1
There are several constraints faced by the cement industry with regard to emission control, many being beyond its control. These may be classified as external ones like poor quality of coal and power etc., which need to be tackled at the national level; and internal ones, such as constraints of layout to accommodate dust collection equipment within the existing space, non-availability of water in arid regions for proper functioning of APCD etc.

10.3.2
There are frequent and wide variations in the quality of coal received by Indian cement plants, which lead to improper and ever-changing combustion conditions, difficulty in proper control of air flow rate. These deficiencies have snowballing effect in high concentration of CO in the exit gases with potential threats of explosion in the ESP. Quite often the CO concentration even exceeds the limit beyond the designed functioning parameters of the ESP, mainly due to the poor and variable quality of coal. As a safety precaution, the ESP trips, thereby temporarily causing high dust emission through the stack.

10.3.3
To overcome such and other adverse situations arising out of using low calorific value and high ash coal, many cement plants have switched over to imported coal/pet coke and are going for Captive Thermal Power Plant to fulfill its power requirement. These actions have contributed to stable process and in turn have helped to reduce emissions significantly. However, plants located deep inland or at uneconomic distance from coal source can not afford such measures. 

The various options available to overcome this problem are :

· Allocation of coal of better quality and consistency to cement plants and also speeding up privatization of collieries for captive consumption of cement plants should be considered.

· Import duty on coal to be brought down along with freight subsidy for land locked plants.

Further, to ensure compliance of emission norms, the following measures need to be put into practice :

· Most of the cement plants have installed the opacity meters. However, installation of Continuous Measurement Systems (CMS) for continuous measurement of particulate emissions is desirable.

· Cement plants should take various steps to reduce fugitive emissions comparable to the “best practice” elsewhere in the world.

· The plants should ensure that the transfer points are covered, roads are paved, water sprinkling arrangement are made and vacuum cleaning are done on regular basis & the facility is also developed for covered storage.

· The Fly ash should be transported in the closed containers. 

For proper operation of ESP, continuous and good quality power is a pre-requisite. Long durations of low voltage, fluctuation in voltage and frequency, unscheduled power cuts, etc. have an adverse effect on the efficiency of the ESP, resulting in higher emission. In order to overcome these constraints, plants need be equipped with captive power units, of sufficient capacity for clinkerisation and provide power for smooth and continuous functioning of pollution control equipments. State Governments be directed to relax restrictions imposed for installation of captive power generation, provided these units meet the environmental standards.

10.4
Utilization of Industrial Wastes in India 

10.4.1
Cement plants in India utilized about 19% of fly ash generated by power plants & 100% of granulated slag generated by steel plants during the year 2005-06, as compared to almost 100% fly ash and 84% of granulated slag in the Japanese cement industry.
10.5
Green House Gas Emission and Role of Cement Industry 

Cement industry is an obvious candidate for GHG emission reduction. 1 tonne of cement produced generates almost equal quantity (0.85 to 1.15 tonnes) of CO2 in the manufacturing process through (i) dissociation of carbonate, (ii) burning of fossil fuel or alternative combustibles, and (iii) use of grid or captive power. The approximate contributions of each of the 3 main sources of CO2 emissions are:

Calcination 
-
50 to 55%

Fuel combustion
-
40 to 50% 

Electricity
-
upto 10%.

CO2 emission from cement production in some major cement producing countries in 2003 is as under : 

	Country
	Cement Production 
(Mn.t.)
	CO2 Emission (Mn.t.)
	Emission Factor (tonne of 
CO2 /tonne of cement)

	China
	862.0
	429.578
	0.498

	India
	121.4
	61.291
	0.505

	United States
	92.8
	46.265
	0.499

	Japan
	73.8
	34.266
	0.464


The cement industry could significantly reduce the CO2 emission during last 8 years.  The reduction due to increased substitution of clinker by fly ash for larger quantity of blended production could reduce the emission from 1.12 tonnes CO2 in 1996 to 0.84 tonnes in 2004. 

10.6
Clean Development Mechanism (CDM) and Carbon Trading 

Over the last few years, CDM linked carbon trading has drawn Indian cement industry into hectic activity for carbon trading through reduction of GHG emission and trading the emission reduction (termed as Certified Emission Reduction – CER) in the International Market.

10.6.1
Types of Projects and Benefit from CDM Finance

All CDM projects must result in a net GHG reduction, as in the case of energy efficiency improvement, renewable energy generation, or carbon sequestration through afforestation and reforestation. Typical CDM projects fall into the following categories :

· Renewable energy

· Fuel switching (in industry, transport, residential sector, etc.)

· Solid waste management

· Advanced coal-based power generation technologies

· Renovation and modernization

· Demand-side management

· Industrial energy efficiency improvement

10.6.2  Indian Scenario

Keeping in view the confusion and arbitrariness in the CDM trading activities and complaints received from different quarters, the Government of India decided to set up an agency to help Indian applicants including industries for CDM project.

CDM-India was established in August 2003, through an agreement between GTZ (German Technical Cooperation) and the Bureau of Energy Efficiency (Ministry of Power), Government of India, under the Indo-German Energy Programme (IGEN) – (Component 3) as the capacity building facility that can help reduce transaction costs in the early market development process. Its objective is to foster high quality CDM projects that will successfully complete the project cycle and provide experience through “learning by doing”. These projects should serve as models for adoption by others. Capacity building and support to public and private sector institutions for preparation and implementation of internationally acceptable projects under the Clean Development Mechanism is its primary aim. It actively cooperates with the Designated National Authority (DNA). The DNA in India is the Secretary, Ministry of Environment and Forests (MOEF) for institutionalizing CDM projects from India.

Certain projects in Indian Cement Industry which now seem to have high potential for CDM-related Carbon Credits are: fuel Switching (including Use of Waste Fuel provided it reduces GHG), Use of alternative and renewable energy, use of wastes in place of clinker etc.

Status of CDM Projects : Indian Cement Industry Sector

(as on July 30, 2006)

	Company [Validator]
	Unit
	Project/Annual Average Carbon Credit (tCO2e)

	Registered by CDM Executive Board (pending issuance of CERs)

	Gujarat [RWTUV]

Ambuja (17.12.2005)
	Ropar (Punjab)
	Biomass for Power (24 MW)/ 25937 

	Shree Cements [SGS] Ltd.(20.02.2006)
	Beawar (Rajasthan)
	Blended Cement/ 68014

	JK Cement Ltd. [TUV-SUD] (15.05.2006)
	Nimbahera (Rajasthan)
	Waste Heat Recovery for Power Gen.(13.2 MW)/ 70796

	Shree Cements Ltd. 

(18.05.2006) [SGS]
	Beawar(Rajasthan)
	Alternative Fuels/ 107074

	ACC Ltd. [SGS]

(21.05.2006)
	New Wadi, Tikaria, Chanda, Kymore, Lakheri, Chaibasa
	Blended Cement/ 405314

	Birla Corporation Ltd. 

(26.05.2006) [DNV]
	Raebareli
	Blended Cement/ 26415


	Grasim Inds.Ltd.[DNV]

(GIL-CDS) (29.05.2006) 
	Reddipalayam (Tamil Nadu)
	Alternative Fuels/ 51932

	Binani Cement Ltd.

(18.06.2006) [SGS]
	Binanigram (Rajasthan)
	Blended Cement/ 21961

	Ultra Tech Cement Ltd. [DNV] (28.07.2006) 
	Tadipatri(Andhra Pradesh), Arakkonam(Tamil Nadu)
	Blended Cement/ 41838

	Jaiprakash Associates

 [DNV]
	Rewa, Bela (MP), Sadva Khurd (UP)
	Blended Cement/ 22902.3

	OCL India Ltd. [DNV]
	Rajgangpur (Orissa)
	Blended Cement (Slag), Blended Cement(Fly Ash)/ 123926

	Under request for Registration after Validation

	Gujarat Ambuja [DNV]
	Maratha, Gujarat, Himachal, Bhatinda, Ropar, Rabriyawas
	Blended Cement/ 551829 



	Orient Cement [DNV]
	Jalgaon(Mah.), Devapur (AP)
	Blended Cement/ 99453.04

	Projects closed for comments at the validation stage and pending request for registration

	Ambuja Cement [SGS] Eastern Ltd.
	Sankrail(WB)
	Blended Cement/ 27308

	Birla Corpn. Ltd. [DNV] 

 [SGS]
	Chittorgarh

Durgapur (WB), Satna (MP)
	Blended Cement/ 43604
Energy Efficiency/ 14109.1

	Century Textiles & Industries Ltd. [TÜV SÜD] 
	Century Cement, Manikgarh, 

Maihar
	Blended Cement/ 19587.1

39256


163938.6


	Company [Validator]
	Unit
	Project/Annual Average Carbon Credit (tCO2e)

	Dalmia [SGS] Cement(Bharat) Ltd.
	Dalmiapuram(TN)
	Blended Cement/ 59988.2

	Grasim Inds. Ltd. 

 [TUEV-RHEIN]
	Vikram Cement (Neemuch)
	Alternative Fuels/ 30072

	Indorama Cement [SGS]
	Raigad (Maharashtra)
	Blended Cement(Slag)/ 42881.4

	Lafarge India [DNV]
	Arasmeta, Jojobera, Sonadih
	Blended Cement/ 40835.32

	Mysore Cements Ltd. 

 [DNV]
	Ammasandra (Karnataka)
	Blended Cement(Slag)/66095.3

	Vasavadatta Cement  [DNV]
	Sedam (Karnataka)
	Blended Cement/ 22681

	Projects open for comments at the validation stage:

	Indorama Cement [SGS]
	Raigad (Maharashtra)
	Alternative Fuels(Waste Flue Gases)/ 10600

	Madras Cements Ltd

 [Bureauveritas]
	Tamil Nadu
	41.6 MW Grid connected 

electricity generation(Bundl-ed Wind Farm)/ 73318.8 

	
	
	Total CERs: 2460133, or about 2.50 mns.


Source :  CDM Database compiled by Cement Manufacturers’ Association

Total CERs for the entire crediting period of 10 years
 = (10* 2460133), or 24601330(i.e. about 25 millions).

Notes :

1. There are so far 26 CDM projects from 19 Indian cement companies under different stages of registration with the UNFCCC EB.

2. Of the above, types of projects are as under:

Blended Cement: 17 nos.(15 with fly ash, 3 with slag),

Alternative Fuels: 5 nos.,

Energy Efficiency: 2 nos.,

WHR: 1 no.(power generation),

Wind Farm: 1 no.

3. VALIDATORS: DNV- 11 projects(BC 10, AF 1): 1 of BC from Birla Corp Ltd & 1 of AF from Grasim South got registered.

4. SGS- 10 projects(BC 6, AF 2, EE 2): 3 of BC, one each from Shree Cements, ACC, and Binani, & 1 of AF from Shree Cements got registered.

5. TUV- SUD-2 projects(BC 1, WHR/power 1): WHR/power from J K Cement registered.

6. RWTUV- 1 project(AF biomass /power): Registered- from GACL.
7. TUEV- RHEIN- 1 project (AF)

8. Bureauveritas- 1 project (Wind Farm)
11.0
Human Resource Development

11.1
During the XI Five Year Plan period, the production capacity of the cement industry is expected to increase by about 118 million tonnes. This capacity increase will be achieved through green-field plants as well as brown-field expansions, based on modern manufacturing technologies. 

There is an acute need for additional technical manpower at all levels , suitably trained in the operation and management of the modern greenfield and brownfield cement plants which will be set up to realize the projected enhancement of the cement production capacity. In addition, the skills of manpower already employed in existing cement plants has to be upgraded in areas such as the operation of state-of-the-art manufacturing technologies, utilization of alternate and unconventional raw materials and fuels, energy conservation, pollution control and sustainable development. 

Indian cement industry provides direct employment for around 70,000 people while creating indirect employment through process machinery manufacture, raw materials and other sources.  It is estimated that one million tonne of cement production provides employment to around 50,000 persons downstream.

Generally, in a one million tonne per annum (1 MTPA) modern cement plant, around 400 skilled technical manpower is required, out of which around 150 will be at managerial and supervisory levels. The cement industry will require a total of 34400 skilled technical manpower for 86 mn.t Greenfield expansion, 4800 skilled technical manpower for 32 mn.t brownfield expansion and 4000 skilled technical manpower for 2000 MW captive power plant operation. Accordingly, a total of about 43000 additional technical manpower, including 12000 engineers & supervisors, will be required to attain the targeted capacity additions. In addition, the industry would require about 40000 unskilled workers. This does not include the replacement demand of personnel that would arise in the plants already in existence. 
The basic qualifications for the different categories of manpower required by cement plant is as under :

	Engineering Graduates
	Graduate in Chemical / Mechanical / Electrical / Civil / Electronics & Instrumentation / Geology / Mining

	Engineering Diploma Holders
	Diploma in Chemical / Mechanical / Electrical / Civil Engg.

	Science Graduates
	Chemistry / Physics / Mathematics

	Skilled Workers
	ITI trade passed in the disciplines of Fitter / Welder / Auto Mechanic / Draftsman / Electrician


The training needs for various categories of manpower for cement plants are elaborated as under :

11.2
Worker Level Staff (Computer based Training)

For the worker level staff, onsite practical training programmes will have to be organized at cement plants. These programmes can be best handled by the RTCs of the cement industry located in different regions of the country. However, the training activities of the RTCs will have to be expanded in terms of Computer Based Training (CBT) programmes, with the technical support of research and consultancy organizations such as NCB. Computer based training packages need to be developed for specific subjects for training the workers on regular basis. ITI trade passed skilled workers shall be trained for 3 months in various disciplines at RTCs before they join the cement plants. 

11.3
Managerial & Supervisory Level Staff

In this category fresh engineering graduates & diploma holders and science graduates numbering about 12000 will enter the industry. As such, they will need detailed orientation courses in cement technology before they actually start working. 

The new green-field projects coming up will be based on high capacity kilns (5000–10000 tonnes per day), state-or-art technology including computerized operating & control systems. To operate such plants efficiently, the operators need simulator based training. Presently, only NCB–Hyderabad is having the simulator facility. It is proposed to have simulator facility at NCB–Ballabgarh also to meet the requirement of cement plants in Northern / Western regions.

11.4
The above stated requirements call for the setting up of a national level training institute under the aegis of NCB for providing the entry level training as well as the continuing education on a sustained basis to the manpower working in the Indian Cement Industry.  NCB, in fact, has been handling the above training tasks successfully, though to a limited extent, for nearly three and a half decades now. The Council is in an ideal position to fully assume the role of “trainers to the cement industry in India”, with appropriate expansion of its activities. This would require strengthening of its infrastructure and manpower, specifically in terms of the following :

· Modern lecture hall complex with training aids, laboratories, workshop, library and hostel facilities at its Hyderabad Unit and strengthening of these facilities at its Ballabgarh Unit.

· Computer based training facilities at its Hyderabad and Ballabgarh Units including a Cement Process Simulator at its Ballabgarh Unit.

· Additional teaching manpower of 25 in total, covering all major areas of cement manufacture along with supporting staff of 10 for its Ballabgarh and Hyderabad Units.

The round-the-year training activities of the proposed training institute of NCB will include the following programmes :

· Post Graduate Degree in Cement Technology (2 years)

· Distance Learning Programme – PG Diploma in Cement Technology (1 year)

· Certificate courses in individual areas of cement technology (3 months)

· Short term intensive training courses (5-10 days duration)

· Computer based training for operators & technicians (2-4 weeks duration)

12.0 
Research and Development

12.1
In today’s fast progressing world, no industrial system can grow without R&D support. The role of R&D in the growth of cement industry in India is well known and documented. In order that the desired results are produced, research 



has to be properly focused and mission-oriented, taking into account what that industry aspires. The research efforts could be directed towards :

· Technological developments in the process of cement manufacture and the related plant and machinery and systems design

· Operational improvements to ensure cost reduction, productivity enhancement, environmental protection and quality improvement

· R&D to ensure proper utilization of cement in constructions and propagate its use for newer applications

· R&D work to identify new pozzolonic materials for use as additives in cement.

· Finalization of the standards of composite cements as is done abroad so that all types of pozzolonic materials can be added to clinker for making cement.

· Research for newer methods of manufacturing such as nano-technology

12.2
Any attempt to reduce the expenditure on R&D for considerations of economy can be counter-productive in the long run. Therefore, adequate funds have to be made available for a meaningful R&D.

12.3
During the last decade a number of cement manufacturing organizations have developed their in-house R&D units and today there are 7 units dedicated to R&D on cement in India.

12.4
Two major organizations namely National Council for Cement and Building Materials and Research & Consultancy Directorate of The ACC Ltd. are fully devoted to research and development activities. The results of the R&D work carried out by them are regularly transferred to the cement industry for commercial application. Besides, a number of cement plants in the country are carrying out in-house R&D to upgrade the existing technology, modernization for improving productivity and energy efficiency of their plants. Cement plants with R&D establishments at plant’s site are :

· Dalmia Institute of Scientific & Industrial Research

· India Cement Ltd.

· Grasim Industries Ltd.

· Madras Cement Ltd.

· Gujarat Ambuja Cement Ltd.

12.5
The R&D expenditure in India as a percentage of the gross domestic product (GDP) has been around 0.7% during the last two decades. For a comparison, most of the developed countries spend between 2 to 3% of their GDP on research & development. A comparison of gross expenditure on R&D (GERD) with China & USA is given below :

Gross Expenditure on R&D

	
	GERD (in $bn)
	% World GERD
	% GERD/GDP
	GERD per Inhabitant

	China
	72
	8.7
	1.2
	56.2

	USA
	290.1
	35.0
	2.8
	10059

	India
	20.8
	2.5
	0.7
	19.8


GERD : Gross Expenditure on R&D

Spending on R&D is seen as a sign of potential healthy growth for firms and progress in technology that helps boost economies and create jobs. But previous surveys have shown the gap between the EU and Japan and the United States was widening. Heads of European Union states want R&D spending, comprising public funding and private investment, to reach 3 percent of gross domestic product (GDP) by 2010. At the moment, that figure is closer to 1.9 percent, short of the US rate of 2.6 percent and 3.2 percent in Japan.

Data compiled from various R&D organizations show that total expenditure on R&D activities related to cement is only 0.08% of sales turnover of the industry during the year 2005-06. Correspondingly, the expenditure on R&D units on cement in a developed country viz. Japan is about 0.23% of the annual turnover.

	
	Amount
	% of 
Total Turnover
	No. of 
R&D 
Units
	Cement Production (MTPA)

	Japan (2001)
	1.4b Yen 
(Rs 52.5 crores)
	0.23
	14
	83

	India (2005)
	Rs 40 crores
	0.08
	7
	150


At present, the cement cess collected for R&D purposes from cement manufacturers’ is partially allocated by the government. The gap in the capital investment on R&D needs to be bridged because R&D can bring manifold returns to the industry and is important for a sustainable development. 

12.6
A broad listing of specific areas of research undertaken by various R&D units and suggested areas of research and development is given in the following Table :

Review of Research & Development – X Plan

	Sl.
No.
	Areas
	X Plan Achievements
	XI Plan Priority
	Benefits

	1
	Upgradation of low grade limestone & mines rejects
	Moderate
	Very High
	Utilization of marginal / low grade limestone which is abundant & closer to consumption centers; conservation of limestone reserves

	2
	Maximising the use of fly ash in cement, concrete and other building materials
	High
	Very High
	Increased utilization of fly ash having disposal problem, energy conservation & reduction in GHG emission

	3
	Adaptation of technologies to reduce NOx & SO2 emissions in cement plants
	Moderate
	High
	Reduction in environmental emissions

	4
	Adaptation of technologies for utilization of combustible wastes as alternate fuel
	Moderate
	Very High
	Conservation of natural resources; integrated solutions to wastes management

	5
	Energy conservation through comprehensive energy audit & operational diagnostics
	Moderate
	High
	Energy conservation; reduction of GHG emissions

	6
	Optimization of precalciner operation
	High
	Moderate
	Heat economy; enhanced output; stable operation

	7
	Design & development of mobile quality control for roads, bridges & dams
	High
	High
	Improvement in quality of concrete construction

	8
	Development of technology for cost effective concrete rural roads & highways etc.
	Moderate
	High
	Cost effective, durable and maintenance free concrete roads


Thrust Areas of Research & Development – XI Plan

	Sl.

No.
	Areas of Research & Development
	Expected Benefits

	1
	Co-processing of hazardous wastes (HW) in cement manufacture
	Resource conservation & integrated solution to wastes management

	2
	Development of high performance cement based composites
	Improved properties to meet the growing need of durable construction

	3
	Multi-model transportation of cement including bulk transportation
	Reduction in seepage losses and improvement in environment at construction sites

	4
	Enhancing the use of fly ash in cement & concrete through processing of fly ash
	Increased fly ash utilization, cost reduction & reduction in GHG emission

	5
	Development of cements & binders based on nano-technology
	Improved properties & resource conservation

	6
	Utilization of PPC for pre-stressed concrete
	Increased waste utilization & cost reduction

	7
	Development of cost effective model housing or urban & rural areas
	Cost effective construction technologies

	8
	Improving the performance of size reduction operations
	Reduction in cost of production

	9
	Studies on evaluation of technologies for co-generation of power from waste heat
	Reduction in GHG emission & energy conservation

	10
	Recycling of aggregate from demolished construction
	Improved wastes management

	11
	Benchmarking of environmental parameters of Indian cement industry
	Improved environmental conditions

	12
	Utilization of non-conventional granulated slags in cement manufacture
	Resource conservation & improved waste management

	13
	Adaptation of low NOx & low SO2 technologies
	Improved environmental conditions

	14
	Upgradation of low grade limestone
	Resource conservation

	15
	Studies on critical environment parameters for sustainable development of major limestone bearing regions for creating additional cement capacity
	Environmental improvement

	16
	Initiatives to reduce CO2 emissions (such as CO2 absorption by Algal Farms, CO2 absorbing cement formulations etc.)
	Environmental improvement

	17
	Standardisation of composite cements
	Improved wastes management


12.7
Technology Transfer Mechanism

As per the details enumerated in the previous chapters, the following technologies need to be developed or adopted either through indigenous efforts or adaptation of imported technology for wider application during XI Plan : 
· Appropriate co-processing technologies for use of hazardous and non-hazardous wastes

· Cogeneration of power utilizing waste heat

· Low SO2/NOx emission technologies

· Technologies for processing of fly ash for enhanced use in cement / concrete

· Development of cements & binder based on nano-technology

· Use of Algae growth as fuel through carbon dioxide fertilization

· Conversion of municipal solid wastes to fuel (coal)

It is proposed to explore the possibilities of securing financial support under various schemes in vogue or complemplated during the XI Plan period. Details of some of the schemes being operated by the Govt. Deptt. Viz. Deptt. Of Science and Technology (DST) and Deptt. Of Scientific and Industrial Research (DSIR) are as under :

Technology Development Board (DST)

Deptt. Of Science and Technology, Govt. of India through Technology Development Board (TDB) has instituted a framework with the sole objective of translating the fruits of indigenous research as well as adaptation of imported technology into commercial products and services. The board provides financial assistance in the form of equity, soft loans or grants. The type of projects eligible for funding include :

· Development & commercialization of a new product/process/ application through indigenous technology.

· Significant improvements in the existing product/ process/application.

· Substantial quality upgradation, reduced material consumption, reduced energy consumption, cost reduction, improved competitiveness, improved ergonomics.

· Development and deployment of technology or design to satisfy existing occupational health and/or safety standards, or improve upon them.

· Development and deployment of technology or design necessary to satisfy domestic or foreign environmental requirements or standards current or anticipated.

· Development and deployment of technology or design necessary to satisfy the requirements of domestic legislation, and/or decisions of the judiciary or product liability legislation in export markets.

· Adaptation/modification to product/process which has been imported so as to make it suitable for wider domestic application.

· Replacement of imported raw materials/components with indigenous substitutes.

· Proving the socio-commercial viability of new and/or renewable sources of energy commercially delivered to consumers.

· Hazardous waste recycling management.

Technology Development and Demonstration Programme (DSIR)

Similarly, the Department of Scientific & Industrial Research (DSIR) under its Plan Scheme Technology Promotion, Development & Utilisation Programme (TPDU) is promoting industry’s drive to take up development of New Products/Processes, Capital Goods/Process Equipment & Technology Absorption Projects through Technology Development and Demonstration Programme (TDDP). The TDDP has the following objectives :

· To promote innovation by sharing risk with innovators.

· To forge industry – institute cooperation.

· To strengthen the National Innovation capability.

Towards achieving the above objectives, the Department provides, partial financial support to New Product/Process Equipment/Capital Goods Development projects & Technology Absorption projects taken up by Indian industry, in all sectors.

These projects should aim at development of a new product or a process (including development of process equipment) or capital goods with attractive market potential or aim at absorption of imported technology with know-why investigations to come with an improved, innovative product/process. The projects should result in significant benefits in terms of raising the technological level of the industry concerned, high turnover, energy and material savings/recovery and export sales etc.

Proposals for these R&D projects such as the following are considered for partial financial support :

· Development of a new/improved product resulting in prototype development and ending with demonstration in commercial environment.

· Development of a new/improved process resulting in establishment of process know-how, development of process equipment and demonstration of yield, efficacy etc. in a pilot plant.

· Development of capital goods for Indian/export market resulting in prototype development and ending with performance evaluation by one user from the targeted market.

· Absorption of imported technology with know-why studies resulting in development of improved, innovative product/process.

12.8
Technology Imports

As per the present arrangement/practice, the technologies, imported by cement plants directly, remain captive of one entity only. With a view to saving on additional expenditure and time in case of repetitive imports, NCB may be involved as an intermediary for assessing the technology in Indian context, assimilating it and also for adapting it suitably for every subsequent use.

12.9
NCB’s Growth Needs during XI Plan

As an R&D and industrial services organization set-up for the Indian cement industry, NCB’s mandate is to serve the cement industry in all areas covering utilization of raw materials and energy, plant operation and maintenance, quality control, environmental improvement and continuing education, for enabling the industry to enhance its all round productivity and sustain the same on continuous basis. Having fulfilled this objective for over 3½ decades, NCB on its part will have to gear up in a big way to meet the vastly increased technical needs of the industry, which will have a capacity of 298 mn.t. by the end of XI Plan.

The above scenario specifically requires major addition of infrastructure like building, equipment facilities in laboratories as well as for in-plant studies and manpower of about 100 scientists, engineers and supporting staff in NCB over the next 5 years. For this purpose, a capital investment of about Rs 25 crores has to be made during the XI Plan. Being a non-profit service provider, NCB will also require an enhanced annual grant to the extent of Rs 15 crores by the end of XI Plan for meeting part of its revenue expenditure. This enhancement of the grant from present level to about  Rs. 4 crores needs to be effected in stages over the next 5 years starting from 2007-08.

12.10
Application of Nanotechnology to Cement and Concrete

Investigation and modification of nanostructure of cement/concrete, with a view to improve the performance and durability characteristics of cementitious systems and achieve sustainable development, constitute one of the most active research fields today.  Nanotechnology has the potential to improve construction materials, including concrete.  Application of nanotechnology in construction sector is presently being investigated in many countries including USA, Canada and European Union.

Nanotechnology can be defined as (1) the research and development that uses matter existing at the “nanoscale”; (2) the engineering of materials in nanoscale (1-100 nanometers in length); (3) the fabrication of devices with atomic or molecular scale precision.  A nanometer is equal to 10​-9 or one billionth of a meter.  Nanotechnology has made rapid advances since the early 1990s and has been hailed as nothing short of a revolution.   Nanotechnology has the potential to affect and improve almost all walks of life. Some of the important areas, which stand to benefit from developments in nanotechnology, include : 

· Energy storage, production and conversion

· Agricultural productivity enhancement

· Water treatment

· Disease diagnosis and screening

· Drug delivery systems

· Food processing and storage

· Air pollution and remediation

· Construction

· Health monitoring

· Vector and pest detection and control

12.10.1
 Nanostructure of Cement/Concrete

Concrete has a nanoscale structure comprising of hydrates of cement, additives and aggregates, its properties can be controlled by manipulating its nanostructure.  The main “glue” that holds concrete together is calcium-silicate-hydrate, the hydration product of Portland cement.  Calcium-silicate-hydrate consists of a gel composed of colloidal particles in 1 to 100 nm range and the pores present in calcium-silicate-hydrate are also of nanometer-scale. These nanoscale pores together with the “type / morphology of gel” control the properties of C-S-H.

The nanostrcuture of C-S-H is still not understood completely.  A better understanding of nanostructure of cementitious systems would provide us a greater capability of control and manipulate the properties and behaviour of cements and concrete.  Nanotechnology has provided us the ability to observe the structure at its atomic level and measure the strength and hardness of micro- and nanoscopic phases of cementitious materials.  The “amorphous” C-S-H gel has been found to have a highly ordered crystal nanostrcuture.  Nanotechnology is providing a close-up look at the hydration of cement grains and the nanostrcuture of cement reactivity. Nano-engineered polymers have been found to act as highly efficient superplasticizers for concrete.  Nanoparticles, such as silicon dioxide, have been found to be a very effective additive for achieving high-performance and self-compacting concrete with improved workability and strength.  Reinforcement of cementitious binders with nanodiameter fibres and rods can result in higher performance of cementitious materials in general, by impeding crack formation and growth.  It is expected that the addition of nanoparticles to concrete will improve the control of concrete microstrcuture beyond what is possible today with existing technologies.  Therefore the product should be more durable in terms of its resistance and lifespan.

12.10.2
 Expected Developments in Cement and Concrete through 
Application of Nanotechnology

The application of nanotechnology to cement and concrete is expected to result in development of eco-friendly, high performance cement / binders and concrete with improved durability characteristics.  It would also help in achieving 



the goal of sustainable development.  The major developments are expected along following lines.

· Cement/binders modified by nanoparticles and produced with substantially reduced volume of Portland cement component (down to 10-15%)

· Cements/binders reinforced with nano-particles, nano-rods, nano-tube, nano-nets, or nano-springs

· Cements/binders based on the alternative systems (MgO, phosphate, geopolymers, gypsum)

· Cements/binders modified by nano-sized polymer particles, their emulsions or polymeric nano-films

· Catalysis for the low-temperature synthesis of clinker and accelerated hydration of conventional cements

· Grinding aids for superfine grinding and mechano-chemical activation of cements

· Cement based composites reinforced with new fibers containing nanotubes as well as with fibers covered by nano-layers (to enhance the bond, corrosion resistance, or introducing the new properties, like electrical conductivity etc.)

· Next generation of superplasticizers for “total workability control” and supreme water reduction

· Cement based materials with supreme tensile and flexural strength, ductility and toughness

· Cement based materials with engineered nano- and micro- structure exhibiting supreme durability

· Self-healing materials and repair technologies utilizing nano-tubes and chemical admixture

· Materials with self-cleaning/air-purifying features based on photocatalyst technology

12.10.3    Beneficial Action of Nano-particles on the Microstrcuture and
  Performance of Cement-Based Materials

For the decades, major developments in concrete performance were achieved with application of super-fine particles: fly ash, silica fume, and now, nanosilica.

Beneficial action of nano-particles on the microstrcuture and performance of cement-based materials arises from the following factors :

· Well dispersed nano-particles improve the segregation resistance and workability of the system

· Nano-particles fill the voids between the cement grains, resulting in the immobilization of “free water” (filler effect)

· Well dispersed nano-particles act as centers of crystallization of cement hydrates, therefore accelerating the hydration

· Nano-particles favour the formation of small sized crystals such as Ca(OH)2 and Afm) and small sized uniform clusters of C-S-H

· Nano-SiO2 participates in the pozzolanic reactions, resulting in the consumption of Ca(OH)2 and formation of extra C-S-H

· Nano-particles improve the structure of the “aggregates” contact zone, resulting in a better bond between aggregates and cement paste

· Nanoparticles improve the toughness, shear, tensile and flexural strength of cement based materials

A superplasticizer (Gala) containing nano-SiO2 particles at a dosage of 1.3% provided nearly two fold increase in concrete compressive strength at the age of 7 and 28 days.  The early strength of 68.2 Mpa was three times higher than that of reference concrete.

12.10.4
Expected Benefits of Nano Technology

The benefits expected from application of nanotechnology to cement and concrete include :

· Improvement in performance characteristics through development of newer binders and cementitious composites.

· Saving in energy through development of low energy cements

· Enhanced utilization of wastes

· Saving in raw materials

· Reduced environmental emissions

· Longer service life of structures

Development of efficient nucleating agents and low energy cements will contribute to increased use of supplementary cementing materials, such as fly ash and slag while making concrete production more environmentally sustainable.

12.10.5
Nanocem Consortium and other International Organizations

Applications of nanotechnology to cement and concrete are being investigated by a number of organizations world over.  Some of these organizations and the work being carried out by these are given below :

Nanocem Consortium

Nanocem is a European body comprising of 32 academic and industrial partners with an interest in cementitious materials.  The members of Nanocem collectively have access to a large range of state of the art equipment for the study of cementitious materials.  Some of the industrial and academic partners of Nanocem are : Lafarge Centre de Recherche, France; Holcim Group Support Ltd, Switzerland; Heidelberg Cement AG, Germany; Aalborg Portland, Denmark; University Court of the University of Aberdeen, UK; Leeds University, UK; University de Bourgogne, France; U-Surrey, University of Surrey, UK; Technical University of Denmark, Denmark; University of Kassel, Germany, Ecole Polytechnique Federate de Lausanne, Switzerland and University of Florence, Italy.  Nanocem has identified its research objectives as below.

· Identify, study and elucidate the fundamental mechanisms underlying specific cementitious materials related problems.

· Link features and processes occurring at the nano-scale with engineering performance at the macro-scale.

· Develop the basic knowledge required to develop new cementitious materials, fundamentally improve existing materials and solve problems related to the present materials.

· Improve the image of cement and concrete as sustainable, high-technology materials.

· Enable technological breakthroughs in the field of cement and its applications.

The consortium has taken up projects to investigate hydrate assemblage containing C-S-H, pore structure of cementitious materials by NMR, organo-aluminate interactions and hydration of blended cement. 

National Research Council, Canada

National Research Council, Canada has identified the construction industry as a large potential market for nanotechnology and has initiated projects to develop new technologies and products for the construction industry.  The National Research Council Institute for Research in Construction (NRC-IRC) has taken up investigations on the nanoscale properties of concrete with a view to create stronger more durable concrete in a more sustainable manner.  The institute is presently working on developing new cements, concretes and admixtures (concrete performance-enhancing additives).  Initial research has concentrated on such areas as low energy cements, nanocomposites, improved particle packing, and novel approaches for the controlled release of chemical admixtures.

Federal Highway Administration, USA

Under FHWA’s Advanced Infrastrcuture Research program, a variety of nanotechnology applications are being investigated.  These include :

· Investigations on alkali-silica reactivity (ASR) and delayed ettringite formation, at the molecular level, using neutron-scattering technology and other processes.

· Fundamental research into the interactions between fly ash and the nanostrcuture of Portland cement gel, using neutron scattering technology.

· Investigations on hydration of cement and the nanostrcture of cement reactivity.

· The feasibility of Cyberliths, or Smart Aggregates, as wireless sensors embedded in concrete or soil.

12.10.6
Research Objectives Identified by NCB

The research objectives for application of nanotechnology in cement science have been formulated so as to take the lead in this field to provide cutting-edge nanotechnology-based materials for the construction industry.  The identified research objectives are listed below :

· To develop new technologies and products based on nanotechnology, with an emphasis on cements, cement-based products, admixtures and concretes.

· Synthesis and use of reactive/non-reactive nanoparticulates

· Investigations on role of nanoparticles in cement binders

· Investigating new approaches to reinforcement of cement based materials using nano-rods, nano-tubes, nano-nets etc.

The achievement of above research objectives would require a collaborative approach and pooling of resources.  Efforts will be required to identify the institutions at national and international level having similar interest and capability for taking up projects to meet the above objectives, collaborations and research would follow.

13.0
Schemes for improvement of Productivity, Technology and Environment

In order to achieve the various objectives/targets in the XI plan, the following schemes are proposed to be taken up :

i) Upgradation of technology of low technology cement plants : Comprehensive assessment of all the pre-1990 cement plants and operating mini cement plants to identify the technological gaps and the extent of modernization as well as funds required including chalking out appropriate action plans.

ii) Cogeneration of power utilizing waste heat in cement plants : Studies for assessing the suitability for cogeneration of power in 60 dry process cement plants having a capacity of 1 mtpa and above capacity including identification of technical and institutional interventions required as well as extent of financial incentives viz. capital subsidy etc. required to make it viable for large scale adoption.

iii) Benchmarking Process, Operation and Management control practice by Indian cement industry  : Studies for Improvement of the benchmarking model to make it on-line system for data entry at plant level, their analysis and on-line despatch of results etc. Benchmarking of Indian industry with International industry for achievement of international best practices in terms of technology, productivity, energy, use of alternate fuels, types of cements etc.

iv) Recycling Technologies : The following studies are proposed :

(a) Manufacture of composite cement: Studies for development of suitable standards for manufacture of composite cement in line with international standards.

(b) Conversion of MSW into coal equivalent fuel : Setting up a demonstration  project for converting MSW into coal equivalent fuel for its proper management & co-processing in the cement kiln.

(c) Use of Algae growth as fuel through carbon dioxide fertilization studies for developing Algae farming technology and its use as fuel in cement kiln.

v) Human Resource Development : Setting up a national level training institute, under the aegis of NCB, through appropriate expansion of its existing activities for providing the entry level training as well as the continuing education on a sustained basis to the manpower needs of cement industry. 

14.0
Recommendations

The recommendations highlighting the action plans and support required are as under:

· Industry should bring down average thermal energy consumption by the end of the XI Plan period to 700 K.Cal/kg. clinker from 725 K.Cal/kg. clinker in 2005-06.  The average electrical energy consumption should also be brought down to 75 kWh/t cement from 82 kWh/t presently.

· All large plants should have ISO 9000 (Quality Management System) and ISO 14000 (Environmental Management System) Certification by the end of XI Plan.

· Ministry of Environment & Forests (MoEF) should formulate guidelines for: 

· Implementing the principle of ‘Polluter to Pay’ for disposal of wastes.

· Treatment, Storage & Disposal Facilities (TSDF) for cost effective co-processing of combustible industrial wastes in cement kilns as an alternative to incineration. 

· Restricting land filling of hazardous and toxic combustible wastes having potential for co-processing in cement kilns.

· Duty free import of pollution control and energy efficiency improving equipments should be allowed.

· Excise duty should be lowered by 25% on clinker produced through co-processing of hazardous wastes and bio-fuels, subject to a minimum of 20% replacement of conventional fuel.

· With a view to commercially harness new resources and waste heat generated in the production process, the following initiatives should be taken:

· Setting up a pilot project under public private partnership for use of algae growth as fuel through carbon dioxide fertilization. Ministry of Non-Conventional Energy could be requested to coordinate and assist.

· Incentivising setting up plants for cogeneration of power using waste heat recovery in production process. The incentive could include capital subsidy and tax exemption.

· The BIS should develop quality standards so as to allow manufacture of composite cement using various sorts of waste products, in line with the international practices.

· Total Cement Cess collected should be kept in a separate account and fully used for:

· R&D covering productivity, energy, environment, wastes utilization, alternate fuels, quality, application of nano-technology etc. 

· Capability building for testing and utilization of hazardous wastes and adoption of state-of-the-art technologies.

· Skill upgradation and institutional capability building for HRD to meet the changing scenario, including setting up of a national level training institute & upgradation of RTCs
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