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ABSTRACT 
 
Aims: The aim of this research study is to show that the use of synthetic 
surfactant from bagasse is Environmentally Friendly Policies. Various 
human and industrial activities surely have affected the environment. 
Environmental management should include a number of groups from 
different varieties such as academics, policy makers, non-governmental 
organizations, corporations’ employees, government’s employees and 
related multidisciplinary groups. Methodology and Results: Environmental 
management will produce an ecological process and shapes industrial 
ecology which consists of four components namely; production, 
consumption, waste/by-products and raw materials. Bagasse as one of 
industrial solid wastes involved in environmental management will also 
produce ecological process. Bagasse which is produced from sugarcane 
processing can be further reprocessed into SLS surfactant that is useful for 
oil companies as injection fluid on reservoirs to improve oil recovery level. 
Conclusion, significance and impact of study: Environmental management 
can be applied between two industries that have mutualism symbiosis 
relationship through secondary production. Waste minimization can be 
achieved through bagasse processing. Sugarcane bagasse reprocessing into 
surfactant is a sustainable program that supports sustainable material 
management effort. The action to reprocess natural waste into a valuable 
economical material can also alter human behavior into a more 
environmental friendly type of behavior. 
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1. INTRODUCTION 
 

Environmental management has become an essential activity with the emerging industrial 

activities. Generally, there is a significant potential of waste pollution in industrial sectors due to 

2% of activity escalation level each year (Yogaswara et al., 2019; Bah and Artaria, 2021). There 

are numerous research results that identify several weaknesses regarding green public 

procurement/GPP which is related to sustainable environmental responsibilities (Lazaroiu et al., 

2020). Environmental management acts as a safeguarding policy to protect the nature from 

potentially environmental damages businesses by establishing an economically and 

environmentally profiting situation. On a common ground, we can say that environmental 

management is an effort to manage human impacts on the environment (Barrow, 2020). 

The definition of environment is a spatial unity that includes all objects, state forces, and 

living things including humans and their behavior. Environmental management is an integrated 

effort to utilize, organize, maintain, supervise, control, recover, and develop the environment 

(Martadila, 2020; Nugroho & Utomo, 2016). The goal of this effort is to achieve a sustainable 

relationship between human and their environment as a way to build human as a whole, to 

maintain resources utilization on a prudent scale, to place human as environment caretaker, 

and to conduct environmentally-friendly development for the sake of the present and future 

generations (Das, 2018). With the increasing environmental awareness in the society, 

manufacturers should educate their engineers and technicians to pay attention to the 

environmental aspects of manufacturing to improve their competitiveness. The principle of 

manufacturing and environmental support have already included in curriculum offered by 

universities (Ghodatri et al., 2016). 

Environmental management is related to the understanding about earth’s structures and 

functions, and the effort to adjust to the management itself. Because it contains numerous 

aspects, environmental management possesses a number of perspectives regarding 

environmental changes in the future and create maximum benefit whilst also minimize 

environmental damage. On this condition, decision making and its political aspects play a 

massive role in environmental management (Barrow, 2020). From previous research in the 

petroleum sector, there is the use of surfactants made from petroleum (Negin, 2017). Several 

studies on the use of surfactants have begun to be directed at using raw materials synthesized 
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from nature by utilizing bagasse (Setiati, 2017; Setiati et al., 2021). In addition to bagasse, 

research on the use of surfactants from palm oil waste has also been carried out (Prakoso, 

2018). This activity is still in the form of sectoral research, which needs to be managed properly 

in order to achieve good environmental management. Environmental management includes a 

number of different groups such as academics, policy makers, non-governmental organizations, 

corporations’ employees, government’s employees and related multidisciplinary groups. 

Because it’s a multidisciplinary step, it also means that the activities it contains are involving a 

number of parties. Environmental management is an integrated effort to preserve 

environmental function that includes environmental structuration, utilization, development, 

maintenance, recovery, supervision, and control policies (Abu-Rahma, 2019). 

 

2. RESEARCH METHODOLOGY 
 

According to Abu-Rahma & Jaleel (2019), environmental management process includes 

several stages; starting from the identifications of expected environmental result, physical, 

economic, social, cultural, politic, and technological obstacles, consideration of the best options 

to achieve the expected result while also anticipate, avoid, and solve environmental and 

conservational problems. The government has already established policy regarding the 

environment through the making of Environmental Law (Wati, 2018; Wiharja, 2018). The law 

includes the following criminal rights, obligations, authorities and provisions: 

 Everyone has an equal right to a good and healthy environment. 

 Everyone has an equal right to environmental information related to their role on the 

environmental management effort. 

 Everyone has an equal right to play their part on environmental management in 

accordance with the applicable law. 

 Everyone is obliged to maintain environmental functions and prevent pollutions and 

damages on the environment. 

 Everyone that practice commercial activities and/or general activities is obliged to provide 

correct and accurate information regarding environmental management. 

 The society has an equal chance to play their role on environmental management. 
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Environmental management system on all human activities will produce impacts on the 

environment. Because of that, we need to alter our attitude and behavior into a more 

environmental-friendly ones, which can be identified by three simple ways namely: 

 By practicing management and supervision instruments which aim to reduce business 

options into the ones that support environmental management such as zonation, 

prescription, certain technological requirements, and prohibition of specific activities that 

has the potential to damage the environment and drives people to be more environmental 

friendly (Ferdian et al., 2016). 

 By practicing economic instrument that aims to change perspectives on profit and loss by 

providing economic disincentives and incentives. 

 By practicing persuasive instrument that aims to persuasively drive the society to change 

their perceptions on human-environment relationships. 

 The actual recommended environmental management step is to manage oneself. The 

government still has the power to supervise and manage (Ferdian et al., 2016). To achieve 

the goal of business profiting environmental internalization cost, Otto Sumarwoto 

developed two implementation instruments that are related to each other namely financial 

administration instrument and technological instrument which includes eco-efficiency and 

ecological industry (Wibisana, 2019; Zheng, 2019). 

 

The application of environmental management that produces ecological process is 

illustrated in the following Figure 1. 
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Figure 1 Industrial ecology processes (Celik, 2013) 
 
 

Through the scheme we can see the industrial symbiosis where the result of production 

process will be consumed by the society. The waste of the consumption process can be reused 

by secondary consumption and recycled on secondary production. The waste of secondary 

consumption can also be recycled on secondary production. The result of society consumption, 

secondary consumption, and secondary production will be able to minimize wastes. In principle, 

environmental management will shape industrial ecology that includes four main components 

namely production, consumption, waste/by-product, and raw materials (Anderson, 2016). 

Products will be consumed by society, and in the process produce wastes that can also be 

utilized as materials to produce different useful products. 

The method used in this study refers to the concept of the ecological process in Figure 1. 

The focus of this research is the policy of using surfactant which is synthesized from bagasse. 

Research starts from activity of sugar factory. 
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Figure 2 Research flow chart 
 
 

Activity of the research start from:  

1. The existence of sugar production, which will be consumed by the community. 

2. Bagasse waste generated can be used for secondary production, by processing bagasse 

into lignosulfonate surfactants 

3. The lignosulfonate surfactant synthesized from this bagasse will be used in the petroleum 

industry to increase crude oil recovery. 

4. The crude oil obtained will be processed into a refinery factory to produce fuel products 

that will be used by the community. 

 

The concept of Ecology Processes can be applied on every industrial activity that creates 

wastes. Reprocessed wastes will leads to decent environmental preservation situation. 

Sustainable utilization will simplify sustainable development measurement and create positive 

contributions towards the identification of optimum solution design and facility operation 
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(Khorasanizadeh, 2019). Sustainable management is a defined concept consistent to sustainable 

development which basically represents holistic approach of waste and resource management 

effort (Khairunisa, 2015). 

 

3. RESULTS AND DISCUSSION 
 

Bagasse as solid waste shows good performance in the Enhanced Oil Recovery (EOR) 

process. Lignin from bagasse has the potential to become a surfactant which turns out to have 

the ability to form emulsions which causes a decrease in interfacial tension (Setiati et al., 2021). 

In this study, we apply environmental management by producing ecological processes as shown 

in Figure 3. The four components that are in accordance with the principles of environmental 

ecology in this study are; The product is sugar (1) which will be consumed by the community (2) 

which produces bagasse during the process (3) can be used as a raw material (4) to produce 

Surfactant Lignosulfonate which is used by oil companies as injection fluid in reservoir oil to 

increase recovery oil. Bagasse produced from sugarcane processing is known as sugar factory 

waste. If we don't recycle this waste, it will pollute and disturb the environment. Bagasse still 

contains lignin which has the potential to be reprocessed into a new product known as 

Surfactant Lignosulfonate. This product is produced by isolating lignin through a sulfonation 

process (Setiati, 2017). Surfactant synthesized from bagasse can be used as an injection fluid in 

oil reservoirs to increase the oil recovery.  

Surfactants can be used to form mid-phase emulsions and reduce interfacial tension in the 

oil system in the reservoir. Under these conditions, oil droplets trapped in rock formations can 

be more easily removed and produced at the surface. The results of this study indicate that the 

surfactant can reduce the interfacial tension from 12.01 mN/m to 2.73 mN/m. The interfacial 

tension can be reduced because the Surfactant Lignosulfonate has the ability to form a mid-

phase emulsion from 1.25% - 10%. Table 1 below shows the results of the surfactant injection 

that act as the main component of the performance of Surfactants Lignosulfonate in the 

Enhanced Oil Recovery process. Based on the results of the injection test, it is proven that the 

use of Surfactant synthesized from bagasse can increase oil recovery by 1.80% - 9.25%. This 

shows that waste can be reduced and processed into more useful products. The increase in oil 

recovery with surfactant injection can theoretically be achieved by an increase of 10% (Ragab, 

2021). So the results of this study are in accordance with applicable references. 
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Table 1 The results of surfactant flooding in the laboratory test 
 

No. Salinity (ppm) Middle Phase Emulsion (%) Recovery Factor (%) 

1. 5,000 1.25 7.00 

2. 10,000 10.00 9.25 

3. 20,000 5.00 8.55 

4. 40,000 6.00 1.80 

 

 
Based on that, we can produce the relationship concept symbiotic scheme between sugar 

industry and oil industry as shown in the following Figure 3.  

 

 
 

Figure 3 Implications of the concept of ecological processes in the petroleum industry 
 
 

Symbiosis mutualism is occurred between sugar and oil industries. The existence of bagasse 

produced by sugar factories can be reprocessed into Surfactant Lignosulfonate that can be 

utilized on oil industry. Surfactant is a result of secondary production activity. With this 

secondary production, we can reduce waste and create a cleaner and less polluted 

environment, which would benefit the society. 

Sugarcane bagasse processing into Surfactant is a sustainable program that would be 

helpful on the achievement of sustainable material management effort. This sustainable 
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process is able to alter human attitude and behavior towards a more environmental friendly, by 

processing natural waste into a product with high economic value. This sustainable process is 

able to change human attitudes and behavior towards being more environmentally friendly, by 

processing natural waste into products of high economic value. This eco-friendliness is shown 

from the raw material for the synthesis of surfactants using vegetable waste. Previously, for 

petroleum sulfonate surfactants, crude oil was used as raw material. This raw material is not 

environmentally friendly because it is not renewable and is not a recycling process. The nature 

of the material will also be different from the raw material for vegetable waste. This vegetable 

waste is also relatively easy to obtain. The use of vegetable waste is an effort to keep the 

environment clean. These factors are supporting environmental friendly. 

 

4. CONCLUSION  
 

Based on these results, it can be concluded that the processing of bagasse solid waste into SLS 

surfactant which has high economic value can help us preserve and protect the environment. 

Concept of Ecological Processes can be applied to the petroleum industry Environmental 

management can be carried out between two industries that have a symbiotic relationship of 

mutualism through secondary production. Waste minimization can be done through 

reprocessing of bagasse. Based on this, industrial ecological processes applied to various 

industrial sectors will be able to encourage the achievement of environmental management 

objectives. 
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