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Abstract 
Small-to-medium scale enterprises/industries (SMEs) in most of the 
South Asian countries play a very crucial role in the socio-economic 
development of this region by providing employment, alleviating 
poverty and improving quality of life. However, with the rapid 
industrial growth in emerging economies in India in the last two to 
three decades has taken its toll by causing environmental pollution. 
Toxic and hazardous waste emanated from SMEs sector has resulted 
into negative and incapacitating impact on the overall human health 
and ecology. It is, therefore imperative to take appropriate 
environmental management deliberations to deal with such type of 
waste. In principle, there are several approaches to tackle the problems 
of waste. Conventionally, the most commonly adopted physical and 
chemical management processes / practices are beset with numerous 
problems of process efficiency, cost effectiveness, energy consumption 
and further disposal. These problems coupled with stringent norms of 
statutory bodies ultimately results into closure of the industry. Since 
the problems associated with conventional methods are manifold; 
biological mediated mitigation measures appears to be a promising 
stride and significant research is happening world over. The authors 
discuss one case study based on using live biomass thereby leading to 
an emerging management thought for sustainable waste management 
practices in emerging economies. The study shows that industrial 
waste can be treated effectively with concurrent mitigation of climate 
change. 
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1. Introduction 
Small-to-medium scale enterprises/industries (SMEs) in most of the emerging 
economies in South Asian countries play a very crucial role in the socio-economic 
development of this region by providing employment, alleviating poverty and 
improving quality of life. The world, in the recent times, is witnessing region-wide 
structural shift towards increased industrialization. Emerging economies and many 
other developing economies are gradually shifting their dependence from agriculture to 
the industrial sector; whereas highly industrialized nations are shifting from the 
industrial to the service sector. According to Ghani and Ahmed [1], in South Asian 
countries, the share of industrial sector in last five years has increased from 21 to 26% 
of the total output and is expected to grow swiftly in the years to come. However, with 
the rapid industrial growth in emerging economies like India in the last two to three 
decades has taken its toll by causing environmental pollution. Environmental problems 
include those caused by widespread poverty, industrialization, and a change in 
consumption patterns. The cumulative impact of these two causes has serious effects 
on urban dwellers; noise, overcrowding, inappropriate design, and stress contribute to 
the growing psychosocial health problems of many urban dwellers in developing 
countries [2]. To address these problems, in India several universities, institutions and 
business schools have introduced energy and environmental management and 
sustainable development related programmes in post liberalization period [3]. 

 
 

2. SMEs and environmental repercussions 
Contamination of environmental segments due to toxic and hazardous waste emanated 
by SMEs sector has resulted into negative and incapacitating impact on the overall 
human health and ecology. It is, therefore imperative to take appropriate environmental 
management steps to deal with such wastes. Industrial sector consumes 37% of the 
world’s energy and releases half of world’s carbon dioxide (GHG), 90% of world’s 
sulphur dioxide and nearly all of its toxic chemicals. In South Asia, the carbon dioxide 
emission was estimated to be about 437 million tons in 2000 end and is expected to 
double by the year 2012-13 [1]. Current efforts for global environmental protection are 
mainly confined around large to medium scale development projects and industries. 
However, small-scale operations have been left unnoticed inspite of their high resource 
intensity, inefficiency and high levels of pollution load per unit of production. This has 
created severe environmental problems and pressures at the local level on the 
industries to manage the waste emanated by them. However, high cost of remediating 
waste is becoming an increasingly sensitive issue in the current scenario. Also, SMEs 
are facing enormous constraints on using eco-friendly technology due to shortage of 
capital, technical no-how, underdeveloped infrastructure, weak research and 
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development and the lack of awareness of the options for pollution control and 
prevention. Moreover, smaller industrial units have added burden of using age old and 
inefficient production processes, thereby resulting into more pollution. Such 
companies are often short of capital and skilled manpower and have limited access to 
information on pollution control and prevention systems.  

 
 

3. Metal and cyanide user SMEs 
SMEs like electroplating, jewellery units; steel hardening, forging, printed circuit 
board manufacturing and electronic industries use diverse heavy metals and cyanide in 
their processes. As a result, these industries emanate large volumes of effluents bearing 
wastes containing cyanide and metal-cyanide complexes. Cyanide is notorious and 
inhibits the sensitive enzyme cytochrome oxidase in all living cells [4]. Despite 
toxicity, cyanide has large industrial applications and is listed among priority 
environmental pollutant by USEPA. Therefore, statutory agencies world across 
demands for its complete removal from wastes prior to their discharge in environment. 
Total cyanide and metal content in these effluents range from 1-250 and 1-180 mg/l, 
respectively. In India, the statutory limit for discharge of total cyanide and metals in 
the inland water body is 0.2 and 0.1-5.0 mg/l, respectively [5].  

Numerous physical-chemical technologies are adopted for the treatment of cyanide 
and metal-cyanides [6] and the most routinely used is alkaline chlorination oxidation 
process [7,8]. However, this method of treatment although effective on free cyanide 
waste, it is not effective in the treatment of metal bound cyanide complexes [9]. In 
order to keep operational costs as low as possible, frequently effluents are only 
partially treated to the cyanate phase or in many cases the undecomposed metal-
cyanide effluents are directly discharged without treatment. Other methods for 
managing cyanide containing wastes are beset with problems like cost effectiveness, 
efficacy and requires special equipment’s and maintenance. Researchers world across 
are therefore focusing on developing novel technologies and strategies for the 
treatment of such industrial wastes.  

 
 

4. Mitigating industrial waste by employing live biomass 
Biomass based technologies, in the recent times, has emerged as an effective 
alternative due to its cost effectiveness, better efficacy and eco-friendly nature. 
However, most biological management technologies employ bacterial or fungal [7,10] 
organisms, which require high nutrient supplementation and moreover emanates 
carbon dioxide during treatment process resulting to GHG emissions. Finding an 
alternative sustainable biological method and strategy for environmental clean-up is 
the pressing need of time. Scanty information is available on employing live biomass 
like microalgae for the mitigation of cyanide and metal-cyanides wastes [11]. Being 
photosynthetic in nature, algae have the potential of utilizing smaller quantity of 
nutrients. Moreover, it has an advantage of energy conservation and mitigating climate 
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change by way of absorbing carbon dioxide. This fact can certainly lead to a paradigm 
shift in the near future in regard to the implementation of biotechnological solutions to 
mitigate environmental pollution. 

 
 

5. Management of Copper-cyanide Waste using Microalgae with 
Concomitant Mitigation of Climzate Change  

Feasibility studies were conducted by the researchers using active microalgae (live 
biomass) for the treatment/management of copper-cyanide containing electroplating 
effluent in order to develop a sustainable waste management model with concurrent 
mitigation of climate change. A detail methodology has been already reported by Patil 
et al. [12] and not discussed here. Studies revealed that Scenedesmus sp. was managing 
the removal of copper-cyanide from effluents by degrading it. Various process 
parameters as a function pH, temperature and inoculums size was optimized and the 
results are shown in Table 1. These results were encouraging by the fact that India is a 
tropical nation and secondly the wastewaters emanated from industries are alkaline in 
nature. Scenedesmus biomass could tackle cyanide concentration up to 25-50 mg/l and 
is crucial as the process developed using this biomass could be immune to shock loads, 
which are highly prevalent under field conditions in most of the South Asian countries. 
As regards to copper, part of the copper got adhered to the biomass, while the other 
fraction gets accumulated inside the biomass. The above study clearly points out the 
fact that heavy metals associated with cyanide are very valuable and non-renewable 
resource; and could be recovered using biomass. 

 
 
Table 1: Optimum values for the removal of copper-cyanide from effluents [12] 
 
Sr. No. Process parameters Optimum values 

1. pH 9.5 
2. Temperature 30ºC 
3. Inoculum size 106 cells/ml 
4. Copper-cyanide concentration  50 mg/l (as cyanide) 

All the values indicated in table are the average of two readings 
 
Fig. 1 depicts the live biomass based model for the management of industrial waste 

and simultaneously mitigating climate change/global warming. Metal-cyanide is 
utilized and managed by Scenedesmus sp. in the presence of air. Carbon dioxide 
(GHG) from air is absorbed by algae along with cyanide to build biomass with 
concurrent oxygen generation. Biomass will adsorb metal ensuring removal of metal 
from waste solutions (recovery of non-renewable resource). Metal free biomass then 
could be used for biogas generation (energy recovery). Some part of biomass could be 
converted to passive form for possible locking in earth crust thereby reducing carbon 
dioxide from atmosphere. To accomplish these end-of-life mines can be used. This 



Biomass Based Sustainable Model for the Management of Industrial Waste 587 

 

would ensure mitigation of global warming. Some theoretical calculations showed that 
the amount of carbon dioxide that would be captured by one reasonably large size 
mine would be 0.0015 Gt of carbon. In 2012, the total global carbon emissions from 
the fossil fuels burning, cement and land-use changes was 9.7 Gt (www.co2now.org). 
Although this figure is less and for one mine as compared to the total carbon emissions 
per year, the authors firmly believe that this could be one of the ways to mitigate 
climate change. Recovered metal can be used as raw material by the industry thereby 
reducing the demand for natural non-renewable resources. Thus, the integrated 
biomass strategy using microalgae resolves several problems viz. pollution control, 
resource recovery, energy conservation, climate change mitigation. Thus, this study 
certainly adds to the advancement of knowledge in the area of waste management.  

 
 

 
Fig. 1: An integrated model for waste management and climate change mitigation [12] 
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