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(Abstract)

Lack of perception, resource constraints, absence of knowledge base, inadequate technologies & practices and improper resource pricing have led the industries in the third world to chaotic state of environment over the past century or so.  In a bid to feed the teaming millions and participating in the rat race to produce more, to sell more and to earn more, economies are confronting worldwide, an impending ‘envirocide’ threatening the very existence of the global community. Raw resources are depleting alarmingly, with mountains of waste piling up to levels that could not be assimilated by the nature’s capacity to contain. Toxic fumes spewed out by factories are choking mankind to misery and effluents rendering water resources unfit for humans. 

Water resources could easily be singled out as most vulnerable, given their potential for uptake, dispersal and mobility of contaminants. Entry of pollutants in the water system affects all downstream situations through its irrevocable impact that continues gaining strength along the line of flow. No amount of remedial action could ensure restoration and the only way to preserve the water quality and availability was to prevent over- exploitation and contamination of this ‘finite’ and ‘non renewable’ resource. Whereas preservation of qualitative aspects of freshwater resources necessitates a ‘zero emission’ approach, the quantitative aspects do call for a step further towards a ‘zero consumption’ track. Such an approach based on logical application of technological innovation and sound economic reasoning could make a dramatic change in the situation leading to pollution control at profit.

The author has been deeply involved with the APO’s green productivity movement in Asia over the past two decades and pioneered the concept of ‘cleantech’ in the region through implementation of a standard methodology for emission cut in the polluting industries through minor process innovation or improved manufacturing practices. Such experiments were based on enhancement of resource productivity and recycling with particular focus on source reduction of effluents, isolation of waste streams, innovative application of separation technologies, in process recycling, waste exchange practices and introduction of environmentally sound manufacturing technologies. Such industries cover a very wide spectrum to include paper mills, sugar mills, textile dyeing & processing, chemicals & pharmaceuticals, dairy & food processing, tanneries, metal finishing and wood processing industries. Although environmental solutions varied from low cost innovation to application of sophisticated technologies, the underlying approach was that of zero emission and eco-efficiency with assured payback. Inspired by success stories in cleantech, experiments were carried out in a number industries of diverse nature like sugar manufacturing, milk processing, textile mills and metal forming to reduce the freshwater consumption to zero applying the already established green productivity techniques with remarkable success. Virtual waterless manufacturing, a bold step further, is propounded as the ultimate means to resolve the conflict between environment & development. 

‘Cleantech’ is a strategic enviro-management technique developed by the author to reduce the generation of pollutants in a process at source, through minor process modification, material substitution, improved manufacturing practices or low cost innovation, with a view to achieve low or no discharge, thereby eliminating the need for treatment. The concept is based on eco-efficiency principles and assures rapid payback on account of material savings, elimination of treatment costs, avoidance of liability costs and above all, improved corporate image and brand equity. 

The concept has been amply tested through successful implementation in over 200 industries extending over 25 categories including sugar, paper, textiles, mineral processing, electroplating, leather processing, pharmaceuticals, chemicals and food processing amongst others, with exciting success rate. It has been possible to achieve zero discharge in a wide number of cases, with a rather phenomenal payback. In a sample of thirty cases, six could actually achieve zero discharge while the remaining could realize a 60 to 80 percent reduction in quantity of effluent. Drastic reduction in toxicity and hazard potential could be experienced as an added advantage. The payback for implementation in most cases varied between six months to a year and in many cases has been, as low as instant. In some cases, the existing effluent treatment plants were abandoned as no longer required, while in most others, they could serve more efficaciously, as the effluent load reduced drastically. In most case, substantial energy savings were realized ranging from 15 to 35 percent, in an extreme case as high as 70 percent. A good number of industries in the red could bounce back merely through implementation of cleantech. 

Cleantech is based on voluntary initiative of industry, based on the principle of environment management beyond compliance with assured profit. It lays focus on management along the process lines instead of the conventional end of the pipe approach. It works on clear objectives of investment viability to provide the industry, a strategic competitive edge above the rest. 

Applicability of Cleantech

Cleantech as a management tool has universal applicability. However, experience reveals that the potential for implementation of cleantech in a given facility or activity depends upon the following factor very significantly:

a. Cleantech potential is directly proportional to the volume of the effluent: Examples to quote could include paper mills, textile dyeing and processing & food processing.

b. Cleantech potential is directly proportional to toxicity of materials/effluent: No one could imagine someone wasting cyanide, as the consequences are so obvious. 

c. Cleantech potential is directly proportional to the hazard potential of process/materials: Examples may include the MIC leak in Bhopal or a liquid petroleum gas bottling facility. 

d. Cleantech potential is directly proportional to cost of materials/wastes: Have you ever heard of a gold smith wasting materials.

e. Cleantech is directly proportional to energy intensity of the process: The best example could be industrial drying and melting processes.

Applying the above broad criteria and the experience of implementation, following could be some of the industries best suited for the implementation of cleantech:

· Pulp and Paper industries. 

· Textile dyeing and processing. 

· Metal heat treatment and surface finishing. 

· Leather processing industries. 

· Food processing industries. 

· Mineral processing industries. 

· Cement, glass and ceramic industries. 

· Chemical and petrochemical industries. 

· Coal based industries. 

· Steel melting industry.

· Metal forming industry.

· Drugs and pharmaceuticals. 

· Plywood and lamination industries. 

· Photo film industries. 

· Breweries and Distilleries. 

· Sugar Industries. 

· Butcheries and meat processing. 

· Asbestos based industries. 

· Printing and Packaging industries. 

· Industries handling PCB’s and other chemicals of concern. 

These categories could however be best stated as illustrative and not exhaustive. They only include industries, where cleantech could be implemented easily and readily reaping the low hanging fruit and to establish the usefulness of the techniques of cleaner production so as to motivate increasing number of facility owners and managers to adopt cleantech for pollution control at profit. In actual practice, it could be gainfully implemented in every facility or activity. The best examples of other than manufacturing industries could be the public services like hospitals, transport, sewage handling & treatment and construction. A public or private sector office could be no exception to the above. 

Technology of Cleaner Production

Cleantech is not just confined to manufacturing or shop floor technologies. It has a great lot to do with the shop floor management practices, particularly the areas like house keeping, material handling/spill control, energy efficiency and waste handling. The entire concept is based on source segregation of wastes or effluent streams for specialized handling, reuse, recycling or disposal of each such stream. It would eventually lay heavy emphasis on apt deployment of separation technologies ranging from simple decantation, floatation, centrifugation, filtration, distillation, sublimation and evaporation to advance techniques like membrane technology, vacuum evaporation, freeze drying and super critical extraction. 

The concept also lays heavy emphasis on energy conservation and cleaner energy options. The matrix includes switching over from coal to cleaner coal, from coal to oil, from oil to electricity, from thermal electric power to hydroelectric power. Consideration would also be paid to the forms of electrical energy like conductive use of energy vis a vis the induction and radiation based consumption. It would also pay attention to areas like waste to energy and other alternative energy options like solar power, wind energy, refuse derived power, high rate bio-methanation of wastes, along with emerging zero emission technologies like the hydrogen fuel cells. 

The concept of cleaner production has to take into consideration emerging options like advanced materials e.g. carbon fiber reinforced materials, super-conductive materials, bio-degradable plastics and cleaner solvents. Alternatives are to be assessed in terms of ultimate cost analysis based upon the total life cycle analysis. Substitution of hazardous materials, carcinogens and other chemicals of concern with benign alternative are the other essential features of cleantech. 

Catalysis and Bio-processing are two distinct areas of focus under cleantech. Use of advance catalysts can not only lead to enormous energy savings and processing time, but also help altering the operating temperature and pressure conditions avoiding workplace hazard in many situations. The concept has ever been in use for cost advantages in manufacturing but has not so far been deployed for effective environmental management. Similarly putting bio energy to use for more energy efficient and cost effective production has very bright prospects in acquiring eco-efficiency. Examples of bio-pulping and bio-bleaching in the pulp and paper industries are already in view as cleaner production options. Deployment of biotechnology in disposal of organic wastes has already acquired commendable dimensions. The fullest potential of bacteriophages as a major tool for bio-remediation is far from fullest exploitation. Cleantech lays focus on such emerging techniques, which could sometimes be amazingly low cost. 

Minimization of wastes at source and ‘in-process recycling’ are the main features of Cleantech. A great amount of in-put therefore comprises of such technologies and practices. These technologies, however, have to be essentially coupled with efficient material handling systems for effective spill control and pilfer proof recycling. Experience reveals that process control equipment like CNC and programmable logic controls invariably lead to tremendous results. An efficient dosing system for just the right quantity of a chemical could often ensure its presence in the final effluent below the detectable limits or well within the compliance norms, at the same time, ensuring phenomenal savings on cost of the chemical apart from the probable treatment and disposal costs. Whatever said above, the ultimate strength of cleantech lies in the strongest hidden component of innovation. The entire concept sharply focuses itself on process re-engineering using low cost innovation to manage effluent loading, toxicity and hazard. The same principles shall hold good in case of emerging production technologies, particularly the environmentally sustainable technologies or the EST’s for future industries. 

Some Case Studies in Implementation of Cleantech

A large number of case studies on implementation of cleantech are sifted to reproduce some of the significant examples to amplify the broad features of cleantch as follows; 

High Costs High Returns: The case pertains to an Indo-U.S. joint venture producing high quality bimetal bearings for use in the automobile industry. The industry, an ISO: 9000 company was releasing electroplating effluent containing lead, tin and nickel after treatment into a highly sensitive watercourse, meeting the drinking water needs of a downstream township. They had invested U.S. $ 500,000 to install an effluent treatment plant and were spending another U.S. $ 40,000 annually towards its operation still not able to satisfy the community. After a cleantech study analyzing the material balance and the nature of effluent, many options including membrane technology and electro-dialysis were considered. Since the nature of effluent, which comprised of rinse water, revealed the presence of plating chemicals only, it was decided to install a vacuum evaporation unit, subjecting the entire effluent to vacuum evaporation. The condensate was used back as process water and the concentrated plating chemicals were ploughed back into the process. The savings on chemicals recovered and treatment cost avoided ensured a pay back of one year on an investment of the order of U.S. $ 400,000, leaving the process truly to a zero discharge. The effluent treatment plant was dismantled to make way for a tennis court. 

Low Cost High Returns: After serious complaints of pollution of a nearby stream, the wastewater from an apple processing industry was analyzed to find no harmful effluents. At the same time, it was discovered that the industry was dumping apple pomace (solid waste after juice extraction) into the stream, causing much trouble. After process analysis, a waste heat dryer was installed, using the waste heat from the boiler flue, to dry the apple waste. Dry waste was ground and sold off as ingredient for cattle feed. The total investment involved was not in excess of U.S. $ 3000 and the savings from the sale of the nuisance material equaled approximately 12% of the raw material costs. 

Negligible Cost Good Returns: After successful implementation of vacuum evaporation plant for reuse of recovered chemicals, many tiny electroplating industries indicated interest in finding solutions but were hesitant towards making heavy investment because of financial limitation. With small number of users, scattered over a larger geographical spread and lack of cooperation amongst themselves, common effluent treatment concept could not also mature. After detailed deliberation, a cascading system was devised involving three successive rinse baths. It was decided to replenish freshwater only in the last bath, replenishing the make up water for the second bath from the third one and the first from the second one, eventually meeting the replenishment of the plating tanks from the first bath. The low cost system costing a mere investment of U.S. $ 1000 ensured a zero discharge, saving plating chemicals worth up to U.S. $ 4000 annually and avoiding treatment costs and disposal hassles. Some excess wastewater problems were encountered, that were controlled by solar evaporation and minimization practices like ultrasonically vibrating rinse and/or brushing while rinsing. 

No Costs Instant High Returns: Then came up the case of a mushroom processor who was the victim of political activism on the plea of pollution. He pleaded that his effluent comprised only the biodegradable food waste and was willing to install any equipment prescribed, to ward off the problem of smell. A detailed analysis of his process revealed only two types of waste i.e., the wastewater from the blancher and the mushroom fleshing arising out of breakage of tender button mushroom. The company had installed surface aeration facility for the wastewater treatment and was composting the solid waste. After detailing many options, some of them highly capital intensive, an innovative approach was finally taken. Water from the blancher was tapped at source, mixed with the ‘waste’ mushroom, freshly collected and mashed. Just a little salt and spice, and the soup was ready. It was just sent to the canning line instantly to embark upon a new product. No investment and a potential for up to 24% increase in turnover. A case of simple innovation involving zero investment leading to zero discharge with zero gestation and instant payback. 

Moving a step further towards Virtual Waterless Manufacturing

Cleantech gained significant recognition as a management tool and evoked a very enthusiastic response from industries as a voluntary initiative to reduce emissions to increase profits. This led to institutionalization of the concept in the shape of Cleantech International Foundation that was much sought after by industry to find innovative solutions to their environmental problems. A number of green productivity initiatives were undertaken towards establishment of zero emission electroplating, zero emission casting, zero emission galvanizing, zero emission food processing, zero emission dyeing and so on. The concept was standardized and reviewed to extend its scope to include water conservation in typical industries to aim at zero fresh water consumption. Process re-engineering shifted its focus from mere zero emission to a more holistic approach of zero freshwater consumption. 

Virtual waterless manufacturing could be formally defined as such manufacturing activity or technique, as may involve or aim at zero freshwater consumption as well as zero wastewater discharge based on usual principals of cleantech. Examples of such industries include essentially those with substantial content of inherent water in raw materials, like cane sugar manufacturing, fruit processing and dairy industries. Deeper research however established the universal applicability of the concept to include metal powder metallurgy and surface treatment industries using the electron beam technology and the vapor deposition technologies respectively for surface treatment. Recent advances in super critical extraction technology and equipment, particularly the advent of super critical CO2 extraction have led to very versatile absolute waterless manufacturing opportunities in the textile, food processing and phyto-chemical industries.

Virtual waterless manufacturing is a rather recent extension of the already established cleantech methodology and is in various stages of implementation in a large number of industries with tremendous promise. Some of such cases studies are reproduced below.

Case study of a virtually waterless sugar mill

The underlying principal of virtual waterless processing in the select industry is recycling invariably, but industries with highest potential for such close loop operation are essentially those with very high water content in the basic raw material. Further, industries deploying evaporation as process technique facilitate easy implementation of ‘virtual waterless’ processing. Elimination of chemical processing through alternative technologies with a view to avoid contamination of condensate in process industries enhances the possibility of recycling in a close circuit. In one such case, a sugar mill was taken up for process re-engineering to achieve ‘zero entry- zero exit’ by closing the water circuit. It was observed that the industry was running seven tube-wells round the clock to draw 15000 cubic meter of fresh water to process about 12000 metric tons of sugar cane every day. This was amazing as sugar cane juice contains over 85% water and that evaporation is the main process involved in the manufacture of sugar. A quick survey of the sugar industry within India and around the globe indicated a similar phenomenon with varied degree of freshwater destruction.

A cursory water balance analysis could reveal that sugar manufacturing was theoretically net water generating process rather than a water-consuming affair. The opportunities for reducing fresh water consumption to zero level ranged from seemingly easy options like recycling the condensate to those including reduction of contaminants like sulphates, chlorides, organic colorants, toxic biocides, oils and greases to completely recycle the water streams. The surplus water still leftover after minimizing the freshwater consumption offered the challenge of a perfect treatment for supply as fresh water to meet civic requirements. The measures identified ranged from simple housekeeping practices to reduce the freshwater consumption to prevention of vapor carry over into the condensate through equipment modification. Extensive application of separation and treatment technologies for individual water streams was required to eliminate pollution at source. Such measures could be easily classified into immediate, short-gestation and long-term measures depending upon the time and resources required. It is significant to observe that the immediate and essentially low cost measures already implemented could result into sealing out five out of the seven tube wells, thus reducing the fresh water consumption by almost 70% to a low of about 4500 cubic meters per day, thus saving about 10500 cubic meters daily. Further reduction required investment-oriented options like setting up in process ‘kidney’ units to recycle isolated water streams.  

Medium/long term measures include major process modifications like elimination of toxic biocides from mill sanitation and other harmful processes like juice sulphitation to ensure a safe organic product and eliminate contamination of water. Futuristic options include extensive application of the membrane technology and ozone treatment for complete elimination of colour, toxins and bacterial infection. The preventive measures start with organic farming and end up using baggasse charcoal for cost effective water treatment including co-generation of power. The zero emission measures end up with the ultimate recycling of treated effluent for colony and other mixed civic needs.

Case study of a virtually waterless milk processing industry

Despite the inherent high water content in milk, most processors globally discharge between 2.5 to 3 liters of wastewater per liter of milk processed by them. The freshwater intake of most dairies is as high as 2 liters for every liter of milk processed. A typical milk processing industry with capacity to process 500,000 liters of milk per day was studied to work out a “zero in-zero out’ package. The company bought 1000,000 liters of fresh water daily and generated about 1400,000 liters of wastewater that could not be treated to desired standards. The company under technology licensed from their Finnish collaborators was producing milk powder, casein, whey proteins and lacto sugars and resorting to extensive use of hydrochloric acid and caustic soda during the process. Large quantities of detergents and toxic disinfectants were also deployed for plant sanitation. After a ‘cleantech’ audit major initiatives suggested for freshwater reduction included the following;

· Housekeeping measures including spill control and pressure jet washing resulted in reducing the fresh water consumption by about 100,000 liters per day.

· Setting up a cold chain for collection of raw milk to eliminate the use of alkali for preservation.

· Recycling of entire condensate (Approximately 400,000 liters/day) to substitute for freshwater consumption.

· Isolation of wastewater streams for individual treatment and recycling options.

· Alternative dis-infection measures like cold ozonation to substitute or supplement conventional pasteurization leading to substantial energy saving and superior product quality.

· Elimination of detergent from CIP system and use of ozonated condensate for CIP to save about 60,000 liters per day.

· Air dis-infection in storage area by ozonation to prolong product shelf life, improve product quality and eliminate toxins.

It was observed that low investment options of immediate nature could reduce the freshwater intake from an average of 1000,000 liters per day to a level of about 450,000 liters per day that meant a reduction by 55%. Modification of CIP system as proposed could promise a reduction by another 10% with elimination of harmful chemicals & detergents. Alternative cold treatment process based on ozonation could not only ensure high product quality and longer shelf life, but also help preserving valuable immunoglobulin that usually gets destroyed in the conventional process. Measures implemented so far resulted in potential saving of 70% on freshwater consumption, reducing the inflow of wastewater into treatment facility by almost 80%. Future initiatives in view include impulse membrane concentration of skimmed milk and impulse drying of milk fractions using advance technology impulse dryers ensuring well above 40% saving in energy requirements for the drying process, facilitating drastic cost reduction and substantially lower requirement of steam.

Virtual Waterless Manufacturing initiatives in textile dyeing & processing

Scattered implementation of cleantech modules was undertaken in various textile dyeing and processing industries. In case of one industry dyeing threads of various colors, it was observed that large quantities of colored effluent were generated whenever there was a switchover to a new shade as the equipment was to be rinsed before changeover. The orders in hand were scrutinized to find out available loading for each color. It was found that out of the 24 machines, there was sufficient single color loading available for about 14 machines round the clock. The production schedules were simply recast to dedicate one machine each for such colors. Another two machines were dedicated to black color. These machines were further modified to make a close loop for complete recycling of dye-bath so as to eliminate wastewater generation. Effluent generation was thus restricted only to eight machines that too in case of color change reducing total effluent quantity by almost 85%. As a measure of ultimate innovation, all colored effluent releases along with any other sporadic spills were mixed with the black dye to get rid of the entire effluent with substantial savings in cost of dyeing. The need for treatment did not arise anymore except for a small ozonation column as an ultimate standby control measure for possible emergency requirement.

Innovative application of microwave drying was experimented in a readymade garments industry for drying of fabric. A drastic energy saving of around 80% was reported with substantial reduction in process time for drying when compared with the conventional steam drying chambers. The innovation drew the attention of larger players who are now preparing to replace conventional steam dryers for fiber and fabric drying with microwave dryers now developed and available commercially. This measure holds a promise for the entire textile industry in terms of energy conservation and cost control.

Another innovation tested under lab conditions is based on the application of textile dyeing using super critical carbon dioxide as solvent. The liquid CO2 on gasification does not retain dissolved dyestuff resulting into 100% transfer. CO2 gas could be recycled after recompression and no liquid effluent released. The example pertains to actual waterless manufacturing. A similar example of actual waterless alternative manufacturing option to forging, casting and forming of metals using electron beam fusion of metal powders is under investigation in the engineering industry segment.

Future scenario: Innovative application of a systematic approach to reduce freshwater intake and achieve zero emission could help reducing the adverse impact of industrial activity on world water resources at micro as well as macro levels. One can visualize a future paper mill using super critical separation of lignin from fiber and fractions with no water in process. Such approaches do have the advantage of replicability on a global basis ensuring at-source elimination of water pollution. These examples also hold a promise in bringing about an attitudinal change amongst the prominent users of water that would go a long way in balancing the competing water uses. The approach is not confined to industrial usage and finds similar application in other sectors like tourism, transport, mining, public works, health services and agriculture. The methodology if generalized could find effective and universal application in global water management.

