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Abstract

Sugar industry in India has imparted significant contribution in the growth of agriculture and
socio-economic status of the country. However, continuation of conventional practices owing to
lack of awareness for environmentally sustainable technologies has led to the pollution in water
resources resulting in degradation of environmental quality. Considering this, Central Pollution
Control Board of India took initiative for minimizing the pollution load in rivers by formulating a
charter and invoking environmental compensation for sugar industries. Present assessment of
environment related reforms through national policy like charter implementation and
environmental compensation is one of the primary baseline studies done so far. These reforms
were implemented in 85 sugar industries situated along the main stem of River Ganga for
validation. The analysis depicted that the implementation of charter and environmental
compensation resulted in significant reduction in freshwater consumption (56.4%), effluent
generation (13.8%), and biochemical oxygen demand load (34.6%). Thus, similar reforms may be
adopted in other sugar industries as well in order to improve the environmental quality and
sustained growth of the economy.
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1. Introduction

Sugar industry is an agro-based industry which relies upon the production of sugarcane and sugar
beet. These industries impart significant contribution in the socio-economic development of the
nations as these fulfil one of the basic necessities of human survival. However, sugar industries
are often targeted for being the polluter of environment . the fresh water resources (Sahu 2018).
Almost all the major divisions in sugar manufacturing plant, such as mill house, processing plant,
boilers, cooling towers etc. are responsible for waste generation (Wood 1995). These wastes
include suspended solids, waste water having depleted oxygen content, molasses, press-mud,
chemicals etc. (Solomon 2005). Various governments, regulatory authorities, and researchers
across the globe are involved in finding the solution of these environmental issues through
research and effective management (Bhatnagar et al., 2016; Dotaniya et al., 2016; Akhtar et al.,
2020; Akhtar et al., 2021). Moreover, sustainable solution lies in the holistic approach involving
adoption of environment friendly technologies, technical guidance to industries, optimum
utilization of waste, and stringent managerial decisions.

1.1. Indian sugar industry: key features

In India, sugarcane is the basic raw material for the sugar production. The total sugarcane
cultivation area in India has increased from 1.7 million hectares in 1950-51 to 5.2 million hectares
in 2020 (Gol 2020). Further, the yield of sugarcane has doubled in six decades, from 33 tonnes/ha
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in 1950-51 to 71 tonnes/ha in 2015-16 (NATMO 2020). This unprecedented growth has led India
to become the second largest sugar producer globally, besides being the largest consumer of sugar
in the world (Gol 2018; Sheetal and Kumar 2019). Thus, sugar industries are one of the major
components of Indian economy and contribute significantly to the socio-economic development
of the nation as well (Sawhney 2002; Solomon 2016). In India, sugar production is largely
concentrated in the state of Uttar Pradesh, Maharashtra, Karnataka, Tamilnadu, and some other
pockets (Solomon 2016). Uttar Pradesh and Maharashtra are the leading states contributing 34%
of the total sugar production in the country (Randhawa and Gupta 2014).

Sugar industry is a seasonal industry operating for a maximum period of 5 — 6 months in a year.
There are two methods through which sugar is produced in Indian sugar
industries viz. 1) Conventional double sulphitation process which produces direct consumption
plantation white sugar, and 2) two-stage process in order to produce refined sugar. There are six
major stages of manufacturing in sugarcane based industries (Fig. 1), viz.: 1) Milling — sugarcane
is cleaned, crushed, and juice is extracted; 2) Clarification of juice — through sulphitation (milk
of lime + SO2) and carbonation (milk of lime + CO); 3) Concentration and crystallization; 4)
Separation of crystals; 5) Refining; and 6) Recovery of sugar molasses
(Kushwaha 2015; Solomon 2016).

During the sugar production process, a number of co-products are formed as well, such as bagasse,
press-mud, and molasses, as shown in Fig. 1. In India, the amount of bagasse produced is
approximately 25-30% of the cane crushed, press-mud produced after the clarification is 3-5%
(of the cane), and molasses are produced after the process of centrifuge which is approximately
3.5-5% of the cane (Sahu 2018). Amount of these co-products varies in the sugar industries of
different countries depending upon the local climatological conditions, technological processes
involved, and various other factors (Sahu 2018). These co-products have the potential to be used
in variety of applications such as in distilleries, non-conventional energy production, medicinal
products, and organic manure (Casas et al., 2015; Dotaniya et al., 2016; Sahu 2018).

1.2. Environmental issues associated with sugar industries

Though sugar industries are essential and economically important, these are responsible for being
one of the biggest users and polluters of the fresh water. On an average, a typical sugar industry
may produce approximately 1000 litres of wastewater for every tonne of sugarcane crushed
(Sahu and Chaudhari 2015; Kushwaha 2015; Asaithambi and Matheswaran 2016) (Table 1).
Further, effluent of sugar industries has complex characteristics having potential to contaminate
the freshwater resources, if discharged inappropriately. Effluent from sugar industry is known to
have high amount of biochemical oxygen demand (BOD) load. BOD values ranging from
500 mg/L to 1000 mg/L are observed in the effluent of a typical plantation white sugar industry
(Sahu 2018). Apart from BOD, chemical oxygen demand (COD), total suspended solids (TSS),
sulphate, and many other pollutants (Sahu 2018; Fito et al., 2019) are also the cause of concern if
discharged without treatment onto the surface / ground water sources. Besides, the co-products
formed during the process may also result in significant pollution if not utilized properly
(Varshney et al., 2019; Mustafa et al., 2020; Singh 2020; Alokika et al., 2021).
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1.3. Gaps in the existing system and need of an overhaul

In India, regulatory compliance of the industrial units (emission and effluent discharge) is
monitored by the respective State Pollution Control Boards (SPCBs) of the state, and by the
highest statutory authority for control of pollution, viz. Central Pollution Control Board (CPCB)
from the centre. Ministry of Environment, Forest & Climate Change (MoEF&CC) of India has set
the standards for effluent discharge from sugar industries in 2016 (The Gazette of India, 2016), as
detailed in Table 2. It is important to note that as per the notified standards, the limit of the
wastewater generation is significantly stringent in India compared to other countries , allowing
only 200 litre of wastewater per tonne of cane crushed . This is so because; many of the industries
in India are located in the water scarce belts where excessive dilution of the effluents cannot be
permitted. Nevertheless, minimally diluted sugar industry effluent may be effectively utilized for
various agricultural practices which help to maintain soil productivity (Kaushik etal.,
1996; Kumar and Chopra 2012; Kumar 2014). Further, the regulatory authorities observed in
some of the industries that the target of 200 litre effluent generation per tonne of cane crushed was
possible to achieve with adoption of appropriate technologies. Hence, the limit of effluent
generation was set as 200 litre/tonne of cane crushed, though it was ensured that sufficient
technical guidance and supervision will be provided to industries in order to achieve this target.

However, it was repeatedly observed that the industries bypassed the untreated effluent
illegitimately to the nearby freshwater resources instead of following the set norms. The reasons
for adopting this practice could be assigned to the unawareness, least consideration for maintaining
the environmental quality, and maximizing the economic gains. In the long run, this practice has
resulted in serious degradation in the water quality of the recipient body. For example, River
Ganga — the national river of India, a significant portion of which passes through the sugar belt of
Uttarakhand and Uttar Pradesh, is an ultimate receiver of all the effluent discharged from the sugar
industries located in these as well as other adjoining states (Dwivedi et al., 2018). Therefore, it
was felt that besides making stringent norms, the implementation of the same also needs to be
ensured in order to keep a check on the unscrupulous activities.

In this paper, important reforms made by the CPCB in the sugar industrial sector for better
implementation of the set norms are discussed. The overall aim was to minimize the pollution load
from sugar sector by supporting the industries, rather than only penalizing them for non-
compliance. These reforms were also validated by implementing in the sugar industries situated
along the main stem of River Ganga. This approach has not only helped in improving the quality
of environmental resources, but also pushed the industries for better revenue generation. The
success of these reforms can set an example and may be extended to sugar industries in other parts
of the country as well to minimize the pollution load and boosting the growth of the sector.

2. Approach towards the sustainable environmental reforms in sugar industries

The existing system in the Indian sugar industries is the conventional one which operates on
inefficient technologies, uneconomic processes of production, and obsolete machinery
(Rao 2014). Most of the industries in India are small scale and unorganized having inefficient
supply chain coordination, which makes large scale production uneconomical. Moreover, being a
seasonal industry, financial issues also burden the system (Rao 2014). Therefore, management of
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pollution in industries by the owners becomes an unapproachable issue and is often neglected
owing to lack of awareness, limitation of options, and financial constraints.

In order to improve the existing situation, regulatory authorities realized that a lot of ground work
is required in terms of resource generation, capacity building, and technology improvement.
Merely penalizing the industries for violating the set environmental norms is not the solution for
pollution minimization as it may further suppress the growth as well as demotivate the people. A
major issue which has been observed in Indian scenario is that the industries often lack the
environmental professionals at the managerial positions thus rendering management to take
misinformed decisions. Moreover, the management can be easily misguided by the various
commercial technology providers in the name of pollution control. It results in loss of money,
time, and efforts without any substantial gain. Therefore, besides regulating the norms, it is also
essential to provide proper guidance so that industries can adopt appropriate technologies and
processes which can minimize the pollution load along with reducing burden on the environment.

To address these concerns, root-cause analysis of the issues relevant to the sugar industries, esp.
those operating in the main stem of River Ganga, was done through field inspection of each
industry. The inspection reports revealed that the non-compliance with the set standards was
frequent amongst the industries both in terms of the quantity as well as quality of the effluent
generated. Considering this, the idea of online continuous effluent/emission monitoring system
(OCEMS) was introduced in 2014 and was made mandatory for the sugar industries
(CPCB 2017, 2018). The purpose of this initiative was to develop a self-regulatory approach
amongst the industries for complying with the set standards, besides tracking the release of
pollutants on a continuous basis for monitoring purpose.

In order to further improve the quality of the discharged effluent and to minimize the freshwater
consumption, CPCB decided to facilitate sugar industries through implementation of a scheme in
the form of a charter. In order to formulate such a document, a number of consultation meets were
realized with industries, authorities, technical institutions, and various stakeholders to understand
their issues and dilemmas. The need for overhauling the existing system was discussed and
importance of maintaining the environmental quality was made to realize to the stakeholders and
industries personnel. Such a participatory approach helped the industries to change their mindset
and believing in the support and solutions provided. However, putting the agenda of maintaining
environmental quality at the top, it was also made sure that deviations from the set standards
should be minimized. Henceforth, the provision of imposing a fine was also introduced based on
certain specific grounds. This plan was also backed by the Hon'ble National Green Tribunal (NGT)
of India, viz. the highest tribunal for expediting the issues related to environment (NGT order
2018; NGT order 2019).

3. Sugar charter and environmental compensation plan — approach and methodology

Series of consultations and discussions amongst the CPCB, technical institutions, industry
personnel, and other stakeholders have resulted in the development of a charter which could be
implemented in sugar industries for better environmental compliance and sustained growth. An
environmental compensation plan in monetary terms was also formulated in case of any violation
of the standards by the industries beyond certain limits.
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3.1. Sugar charter

The charter for water recycling and pollution prevention was formulated with the intention to
facilitate the sugar industries to adopt appropriate technologies and policy regulations for effluent
treatment. The major points considered under the charter are summarized in Table 3. The charter
mainly focused on the re-utilization of wastewater generated in various processes and keeping up
the record of water utilized and consumed for each process so as to target the process(es) which
utilize(s) the highest amount of water. Such a targeted approach eases the decision making for
selecting the process which needs to be reformed for minimizing the pollution. The charter also
emphasized over the establishment of a functional effluent treatment plant of suitable capacity and
an in-house laboratory for analysing various water quality parameters. These initiatives were
intended to take up immediate action upon finding that effluent water quality is being
compromised for any reason. Installation of condensate polishing unit (CPU) was also made
mandatory as it helps to reduce the wastewater load onto the effluent treatment plant, thus
enhancing its efficiency.

3.2. Environmental compensation plan

The implementation of charter made a number of regulations mandatory, however, it was
presumed that violations might take place at various ends and therefore, the concept of “polluter
pays principle” by paying environmental compensation was introduced for the non-complying
sugar industries. The environmental compensation was intended to be levied on concerned
industry, authority, and/or individual for the protection of environment with the objective of
developing self-sense of responsibility towards the environment and to make defaulters realize
their mistake. This monetary compensation was planned to be utilized for the
protection/restoration of the environment.

4. Validation of the developed approach in sugar industries situated along the main stem of River
Ganga

The formulation of the charter and environmental compensation plan for pollution regulation in
sugar industries was a remarkable step. However, it was also necessary to validate the efficacy of
these approaches. Therefore, as a pilot study, the charter was implemented in sugar industries
situated along the main stem of River Ganga. A total of 85 sugar industries were selected situated
in 4 Indian states viz. Uttarakhand (06), Uttar Pradesh (66), Bihar (11), and West Bengal (02) as
shown in . The installed capacity of these industries ranged from 1000 tonnes of cane crushed per
day (TCD) to 12,800 TCD while freshwater usage was limited between 0.25 million litres per day
(MLD) to 10 MLD. Notably, the state of Jharkhand, which also lies along the River Ganga, does
not have any sugar industry operating along the main stem of this river. The premise of the
selection of industries lies in the fact that these industries share a significant portion in the total
sugar production of India. Besides, the effluent from these industries is discharged into the River
Ganga either directly or through various tributaries (Jain and Singh 2020; Roy and Shamim
2020; Singh et al., 2020). The unrestricted discharge of effluent from the industries situated in
these states has led to serious deterioration of the river water quality (Jainand Singh
2020; Roy and Shamim 2020; Singh et al., 2020). Hence, there are concerns to reduce the
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pollution level of industries situated along the main stem of River Ganga, as this river is the major
water source for irrigation and drinking water for inhabitants settled along it (Jain and Singh
2020). Moreover, ecosystem services provided by River Ganga are also compromised to a
significant extent due to the deterioration in water quality (Sannigrahi et al., 2020). Thus, charter
was implemented in these sugar industries in the year 2017 and continuous monitoring was done
thereafter for 3 years. The impact was assessed in terms of fresh water consumption, effluent
generation, and BOD load in the effluent of sugar industries.

5. Results

The efficacy of the sugar charter and environmental compensation plan introduced in the 85 sugar
industries was assessed. VVarious parameters such as, freshwater consumption, effluent generation,
and BOD load were analysed during the pre-charter and post-charter period in order to understand
the impacts facilitated by the charter and environmental compensation plan.

5.1. Specific freshwater consumption and effluent generation

Evaluation of specific water usage in the sugar mills is another important parameter. It helps to
assess the efficacy of the system with respect to freshwater consumption and effluent generation
upon changes in the amount of processed sugar cane (viz. fluctuating sugar plant capacity).
Specific freshwater consumption refers to the specific values of freshwater consumption (in litres)
per unit production of sugar (tonnes) in a particular year. Similarly, specific effluent generation
refers to the effluent generation (in litres) per unit production of sugar (tonnes) in a particular year.
Comparative analysis shows that the specific freshwater consumption has been reduced in 2018-
19 as compared to 2016-17 and 2017-18.

2. BOD load

Reduction in the BOD load of the discharged effluent was one of the concerns of introducing
charter as high BOD is dangerous to the aquatic life. The comparative assessment of BOD load
before and after the charter implementation shows that overall BOD load is reduced from 8.46
tonnes per day (TPD) in crushing season 2016-17 (before charter implementation) to 5.53 TPD in
crushing season 2018-19 (after charter implementation). This amount to approximately 35%
reduction in BOD load as demonstrated in. Most of the sugar industries along the main stem of
River Ganga are located in Uttar Pradesh, where significant reduction was observed in BOD
load viz. 7.63 TPD in crushing season 2016-17 to 3.5 TPD in crushing season 2018-19. This
amounts to 54% reduction and hence explains the efficacy of charter implementation.

6. Discussion

The implementation of charter and environmental compensation plan has positively motivated
sugar industries to focus on process technology up-gradation, effluent treatment plant up-
gradation, and adoption of best management practices. These changes have resulted in the
significant reduction in freshwater consumption and effluent generation which further reduced the
BOD load of sugar industries.
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6.1. Benefits to the environment

The optimization of processes, operations, and increased recycling and reuse of treated effluent
has started showing good results in sugar industries in terms of reduction in fresh water
consumption and effluent generation. This is due to the fact that prior to charter implementation,
all the water consuming processes utilized the freshwater, while after the charter implementation;
the treated effluent was re-circulated and reused thus reducing the amount of freshwater
consumption as well as effluent generation. Further, less requirement of freshwater has also
lowered down the need of groundwater extraction; thus, conserving the groundwater resources.
Adoption of rainwater harvesting practices, use of sludge for the purpose of filling low lying areas,
and consumption of used oil with bagasse in boiler are other significant moves in the line of
environmental sustainability and economical operation of sugar industries after the charter
implementation.

As far as the environmental compensation plan is concerned, the amount of compensation was
calculated either on the basis of pollution index or on the basis of actual damage caused to the
environment. The levied amount was utilized for the protection of environment. In this case,
protecting measures require immediate and short-term actions; compensation towards loss of
ecology, etc. and this amount was utilized exclusively for the defined purpose at specific site. This
approach has further benefitted the environment.

6.2. Benefits to the industries

Implementation of charter has resulted in a number of operational benefits to the industries. For
example, reduction in consumption of freshwater / groundwater has benefitted the sugar industries
economically by saving the power cost to run the motor for water extraction. The major outcomes
of the charter implementation in sugar industries are summarized in continuation of charter
implementation, CPCB's approach of levying environmental compensation on non-complying
sugar industries in case of damage to the environment has not only benefitted the environment but
also to the industries. This has further encouraged sugar industries to improve the system for the
conservation and protection of environment. Moreover, sugar industries have considered the
charter positively because, following the charter was far cheaper than breaking the norms of
pollution control and paying a huge amount towards environmental compensation. Thus, overall
charter implementation and environmental compensation mechanism have proved to be a
significant attempt in the direction of attaining environmental sustainability.

6.3. Benefits to the local population

After the implementation of charter, sugar industries have become capable to supply their treated
water to small and marginal farmers, who could not afford the cost of ground water extraction
through tube well. This has not only helped the farmers but also resulted in the reduced
requirement of freshwater for irrigation purposes, thus, further conserving the fresh/groundwater
resources. Conversion of non-hazardous sludge into bio-fertilizers and its free of cost distribution
to the farmers is another notable attempt.
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7. Conclusion

Indian sugar industries have overcome various challenges in order to achieve the mark of being
the second largest producer globally. However, in process of doing so, significant negative impacts
were inflicted onto the environment, esp. on to the water resources. To overcome these impacts
and to promote sustainable practices, Central Pollution Control Board of India introduced a charter
and environmental compensation plan for the sugar industries. Charter mainly focused on the re-
utilization of wastewater generated in various processes and technical upgrading of effluent
treatment plants. To assess the efficacy, the charter was implemented in sugar industries situated
along the River Ganga and carefully monitored in terms of impact on freshwater consumption,
effluent generation, and BOD load. The environmental compensation was further levied on the
defaulting industries. The outcome of these initiatives was proved to be very effective in
minimizing the pollution load from sugar industries and in conserving the groundwater resources.
Therefore, similar policy implementations may be introduced in other industries as well to
promote environmental sustainability.
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