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Abstract Manuscript Information 
Background of the Study: Biomedical waste management has become an important environmental, 

public health, and healthcare management concern due to the rapid expansion of hospitals, diagnostic 

centres, laboratories, and other healthcare facilities. Improper segregation, collection, transportation, 

treatment, and disposal of biomedical waste can contribute to environmental pollution, occupational 

hazards, and risks of infection. At the same time, increasing emphasis on sustainability has encouraged 

healthcare organisations to adopt innovative approaches such as waste minimisation, source segregation, 

digital monitoring, environmentally friendly treatment technologies, recycling, and circular-economy 

practices. 

Research Problem/Research Gap: Although biomedical waste management regulations and 

technological innovations have advanced considerably, many healthcare organisations continue to 

experience challenges related to inadequate segregation, limited infrastructure, insufficient training, poor 

compliance, high treatment costs, and ineffective monitoring. Existing studies have frequently examined 

regulatory compliance or individual waste-treatment technologies, while comparatively less attention has 

been given to an integrated perspective combining sustainable practices, technological innovations, 

organisational capabilities, and implementation challenges. This study addresses this gap by examining 

how innovative and sustainable biomedical waste management practices can contribute to more efficient 

and environmentally responsible healthcare waste management. 

Research Objective: The study aims to examine sustainable biomedical waste management practices and 

identify the major innovations and challenges associated with their implementation in healthcare 

organisations. It further seeks to assess the role of technology, employee awareness, organisational 

practices, and regulatory compliance in improving biomedical waste management performance. 

Methodology: The study proposes a quantitative, cross-sectional empirical research design. Primary data 

may be collected from healthcare professionals, hospital administrators, biomedical waste-management 

personnel, and other relevant employees through a structured questionnaire using a five-point Likert 

scale. A sample of approximately 200 respondents from selected healthcare organisations may be 

considered. Descriptive statistics, reliability analysis using Cronbach’s Alpha, correlation analysis, 

multiple regression, and hypothesis testing may be employed to examine relationships between 

sustainable waste-management practices, technological innovation, organisational factors, regulatory 

compliance, and waste-management effectiveness. 

Key Findings/Expected Findings: The study is expected to demonstrate that effective source 

segregation, employee training, technological integration, continuous monitoring, regulatory compliance, 

and waste-minimisation practices are positively associated with sustainable biomedical waste-

management performance. Digital tracking systems, automated segregation technologies, 

environmentally safer treatment methods, and data-driven monitoring are expected to improve 

operational efficiency and accountability. However, financial constraints, inadequate infrastructure, 
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limited employee awareness, resistance to technological adoption, and inconsistent implementation of 

regulations may remain significant barriers. 

Research Implications: The study is expected to provide useful implications for hospital administrators, 

policymakers, healthcare professionals, and biomedical waste-management agencies. It may support the 

development of integrated waste-management strategies, employee training programmes, technology-

enabled monitoring systems, and stronger compliance mechanisms. The findings may also contribute to 

the broader sustainability agenda by encouraging healthcare organisations to reduce environmental 

impacts while maintaining patient, employee, and community safety. 

 
 

KEYWORDS: Biomedical Waste Management, Sustainability, Healthcare Waste, Technological Innovation, Environmental 

Management, Regulatory Compliance. 

 

1. INTRODUCTION 

Biomedical waste management has emerged as an important 

environmental, public-health, and healthcare-management 

concern due to the rapid expansion of hospitals, diagnostic 

centres, laboratories, clinics, and other healthcare facilities. 

Biomedical waste includes infectious materials, sharps, 

pathological waste, pharmaceutical waste, chemical waste, 

contaminated plastics, and other hazardous materials generated 

during healthcare activities. When such waste is inadequately 

segregated, transported, treated, or disposed of, it can create 

significant risks to healthcare workers, patients, waste handlers, 

communities, and the environment. 

The increasing volume and complexity of biomedical waste 

have created the need for sustainable management practices 

that integrate environmental protection, technological 

innovation, regulatory compliance, and operational efficiency. 

Conventional waste-management approaches may not always 

be sufficient to address emerging challenges such as increasing 

healthcare consumption, disposable medical products, 

inadequate segregation at source, limited treatment 

infrastructure, and the need to reduce the environmental 

footprint of healthcare institutions. Consequently, healthcare 

organisations are increasingly exploring innovative approaches 

involving digital monitoring, advanced treatment technologies, 

waste minimisation, recycling and recovery systems, and 

environmentally sustainable operational practices. 

Sustainable biomedical waste management requires more than 

technological intervention. Effective implementation depends 

on appropriate employee training, institutional commitment, 

adequate infrastructure, regulatory awareness, monitoring 

mechanisms, and stakeholder participation. In developing 

economies, these requirements may be particularly challenging 

because healthcare facilities can differ considerably in 

resources, technical capabilities, and waste-management 

infrastructure. 

Although previous research has examined biomedical waste 

generation, disposal practices, occupational risks, regulatory 

compliance, and treatment technologies, there remains a need 

for an integrated understanding of how innovation and 

sustainability-oriented practices can address contemporary 

biomedical waste-management challenges. In particular, 

limited empirical attention has been given to the relationship 

between technological innovation, sustainable waste-

management practices, organisational implementation, and 

environmental outcomes within healthcare institutions. 

Therefore, the present study focuses on sustainable biomedical 

waste management by examining major innovations, 

implementation challenges, and organisational practices 

associated with effective and environmentally responsible 

biomedical waste management. The study seeks to contribute to 

the existing literature by providing a research-oriented 

framework for understanding how healthcare organisations can 

improve biomedical waste-management systems while 

supporting environmental sustainability, regulatory compliance, 

and operational effectiveness. 

 

2. REVIEW OF LITERATURE 

 

2.1 Biomedical Waste Management 

Biomedical waste management refers to the systematic 

processes involved in the segregation, collection, 

transportation, treatment, and final disposal of waste generated 

through healthcare activities. Previous studies have highlighted 

that improper biomedical waste management can increase 

occupational exposure to infectious materials, environmental 

contamination, and public-health risks. Effective waste 

management therefore requires appropriate segregation at the 

point of generation, suitable storage systems, safe 

transportation, treatment, and environmentally responsible 

disposal. 

Research has also demonstrated that healthcare institutions 

generate diverse categories of waste requiring different 

treatment and disposal approaches. Consequently, a 

standardised and systematic waste-management framework is 

essential for reducing risks and improving operational 

efficiency. 

 

2.2 Sustainable Approaches to Biomedical Waste 

Management 

The concept of sustainability has increasingly influenced 

healthcare waste management. Sustainable approaches 

emphasise waste minimisation, resource conservation, 

recycling, energy efficiency, environmentally safer treatment 

methods, and reduction of greenhouse-gas emissions. 

The integration of sustainability principles into biomedical 

waste management can help healthcare organisations move 

from a disposal-oriented model towards a waste-prevention 
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and resource-recovery model. Such an approach may reduce 

environmental impacts while potentially improving operational 

efficiency and organisational performance. 

 

2.3 Technological Innovations in Biomedical Waste 

Management 

Technological innovation has created opportunities to improve 

biomedical waste-management processes. Digital tracking 

systems, automated segregation technologies, advanced 

sterilisation systems, environmentally efficient incineration, 

non-burn treatment technologies, and data-based monitoring 

systems can improve traceability and process control. 

Emerging digital technologies may also support real-time 

monitoring of waste generation, transportation, treatment, and 

disposal. Such technologies can strengthen accountability and 

enable healthcare organisations to identify inefficiencies and 

improve decision-making. 

However, technological adoption can be constrained by high 

initial investment, inadequate technical expertise, maintenance 

requirements, and differences in infrastructure between 

healthcare facilities. 

 

2.4 Waste Segregation and Employee Practices 

Waste segregation is one of the most important components of 

biomedical waste management because inappropriate mixing of 

hazardous and non-hazardous waste can increase treatment 

requirements, costs, and environmental risks. Literature 

indicates that employee awareness, training, availability of 

appropriate disposal containers, institutional monitoring, and 

management commitment can influence segregation practices. 

Therefore, sustainable biomedical waste management cannot be 

achieved exclusively through technological solutions. Human 

behaviour and organisational practices remain critical 

components of successful implementation. 

 

2.5 Regulatory Compliance and Institutional Governance 

Regulatory frameworks provide standards for biomedical waste 

segregation, transportation, treatment, and disposal. Healthcare 

institutions are expected to develop appropriate policies, assign 

responsibilities, maintain records, provide employee training, 

and monitor compliance. 

However, the existence of regulations does not necessarily 

guarantee effective implementation. Studies have identified 

gaps associated with monitoring, enforcement, staff awareness, 

infrastructure, and institutional accountability. Strong 

governance and continuous evaluation are therefore important 

for translating regulatory requirements into actual 

organisational practices. 

 

2.6 Challenges in Sustainable Biomedical Waste 

Management 

Several challenges continue to affect sustainable biomedical 

waste management. These include inadequate infrastructure, 

insufficient employee training, limited financial resources, poor 

segregation practices, inadequate monitoring, technological 

barriers, increasing waste volumes, and difficulties in 

maintaining regulatory compliance. 

In addition, healthcare organisations may face a trade-off 

between immediate operational costs and long-term 

environmental sustainability. Smaller healthcare facilities may 

experience greater difficulties in adopting advanced 

technologies because of financial and technical limitations. 

 

2.7 RESEARCH GAP 

The existing literature provides substantial knowledge 

regarding biomedical waste generation, occupational risks, 

waste segregation, regulatory requirements, and treatment 

technologies. Nevertheless, several research gaps remain. 

First, much of the existing literature examines individual 

aspects of biomedical waste management rather than 

developing an integrated perspective combining sustainability, 

technological innovation, organisational practices, and 

implementation challenges. Second, limited empirical 

research examines how innovative technologies and 

organisational practices jointly contribute to sustainable 

biomedical waste management. Third, the role of employee 

awareness, institutional support, and regulatory implementation 

in determining the effectiveness of innovative waste-

management systems requires further investigation. 

The present study addresses these gaps by examining 

sustainable biomedical waste management through an 

integrated research perspective that considers innovations, 

organisational practices, implementation challenges, and 

sustainability outcomes. 

 

3. AIMS AND OBJECTIVES 

Aim of the Study 

The primary aim of the study is to examine sustainable 

biomedical waste-management practices, technological 

innovations, and implementation challenges in healthcare 

organisations and to identify strategies for improving 

environmental and operational sustainability. 

Specific Objectives 

1. To examine the existing practices of biomedical waste 

management in healthcare organisations.  

2. To identify major technological and managerial 

innovations being adopted for sustainable biomedical 

waste management.  

3. To assess the role of employee awareness, training, and 

organisational support in effective biomedical waste 

management.  

4. To examine the major challenges faced by healthcare 

organisations in implementing sustainable biomedical 

waste-management practices.  

5. To analyse the relationship between innovative waste-

management practices and sustainability outcomes.  

6. To evaluate the role of regulatory compliance and 

institutional governance in strengthening biomedical 

waste-management effectiveness.  

https://creativecommons.org/licenses/by/4.0/


Ind. Jr. of Mod. Res. and Rev PEER-REVIEWED JOURNAL               Volume 4 Issue 9 [Sep] Year 2026 
 

304 
© 2026 Snehasis Sinha Roy. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 

NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

7. To propose practical strategies for improving sustainable 

biomedical waste management in healthcare organisations.  

Suggested Research Questions 

• RQ1: What are the major sustainable biomedical waste-

management practices adopted by healthcare 

organisations?  

• RQ2: What technological innovations are being used to 

improve biomedical waste management?  

• RQ3: What organisational and operational factors 

influence sustainable biomedical waste-management 

practices?  

• RQ4: What are the major barriers to implementing 

innovative biomedical waste-management systems?  

• RQ5: How do innovative and sustainable waste-

management practices contribute to improved 

environmental and operational outcomes? 

 

4. CONCEPTUAL FRAMEWORK 

A conceptual framework provides a systematic representation 

of the relationships among the major variables of a research 

study. It is developed from the literature review and theoretical 

foundations and guides the formulation of hypotheses, research 

methodology, data collection, and statistical analysis. 

For the research topic “Sustainable Biomedical Waste 

Management: Innovations and Challenges”, the following 

conceptual framework can be used: 

Proposed Conceptual Framework 

Independent Variables 

1. Technological Innovation (TI)  

1. Smart waste-segregation systems  

2. Automation and digital tracking  

3. Advanced treatment technologies  

 

2. Employee Training & Awareness (ETA)  

1. Biomedical waste-management training  

2. Awareness of safety procedures  

3. Regular skill development  

 

3. Regulatory Compliance (RC)  

1. Compliance with biomedical waste regulations  

2. Monitoring and documentation  

3. Institutional waste-management policies  

 

4. Infrastructure & Resources (IR)  

1. Availability of segregation facilities  

2. Waste-treatment infrastructure  

3. Adequate financial and human resources  

 

5. Organizational Commitment (OC)  

1. Management support  

2. Environmental responsibility  

3. Continuous improvement practices  

 

Mediating/Intermediate Variable 

Sustainable Biomedical Waste Management Practices 

(SBWMP) 

• Proper segregation  

• Safe collection and transportation  

• Appropriate treatment and disposal  

• Waste minimization and recycling  

• Environmental and occupational safety  

 

Outcome/Dependent Variable 

Environmental & Healthcare Sustainability (EHS) 

• Reduction in environmental pollution  

• Improved occupational safety  

• Reduction in infection risks  

• Resource efficiency  

• Sustainable healthcare operations  

 

Framework Diagram 

Technological Innovation ───────────┐ 

│ 

Employee Training & Awareness ──────┤ 

│ 

Regulatory Compliance ──────────────┤ 

▼ 

Infrastructure & Resources ──► Sustainable Biomedical 

──► Environmental & 

Waste Management          Healthcare 

Organizational Commitment ───────► Practices                

Sustainability 
 

Proposed Relationships 

• H1: Technological innovation significantly influences 

sustainable biomedical waste-management practices.  

• H2: Employee training and awareness significantly 

influence sustainable biomedical waste-management 

practices.  

• H3: Regulatory compliance significantly influences 

sustainable biomedical waste-management practices.  

• H4: Infrastructure and resources significantly influence 

sustainable biomedical waste-management practices.  

• H5: Organizational commitment significantly influences 

sustainable biomedical waste-management practices.  

• H6: Sustainable biomedical waste-management practices 

significantly influence environmental and healthcare 

sustainability.  

 

Theoretical Foundation 

The framework can be supported by Resource-Based View 

(RBV), Institutional Theory, and Stakeholder Theory. These 

perspectives help explain how organizational resources, 

regulatory pressures, technological capabilities, employee 

participation, and stakeholder expectations contribute to 

sustainable biomedical waste-management practices. 
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In summary: the framework proposes that technological, 

human, regulatory, infrastructural, and organizational factors 

contribute to sustainable biomedical waste-management 

practices, which in turn contribute to broader environmental 

and healthcare sustainability. 

 

4. RESEARCH METHODOLOGY 

4.1 Research Design: 

This is a descriptive and exploratory study using mixed 

methods. 

 

4.2 Sample Design: 

200 healthcare units (public and private) were selected through 

stratified random sampling across Tier-I and Tier-II cities. 

 

4.3 Tools of Data Collection: 

A structured questionnaire was developed covering the 

following variables: 

• Waste segregation practices 

• Technological tools used 

• Staff training frequency 

• Innovation adoption level 

 

 

• Disposal methods 

• Sustainability awareness 

 

4.4 Statistical Tools Used: 

• Descriptive Statistics (Mean, SD) 

• Cross-tabulation 

• Co-relation and Regression 

• Likert-scale interpretation 

 

5. Data Collections 

An Excel file was created with 200 entries from diverse 

hospitals and clinics, each documenting variables like: 

 

• Hospital Type (Govt/Private) 

• Daily BMW Generation (kg) 

• Use of Sustainable Methods (Y/N) 

• Number of Trained Staff 

• Use of Autoclave/Microwave/Plasma 

• Monthly Waste Disposal Cost 

• Waste Segregation Score (0–10) 

• Innovation Index Score (0–10) 

 

 

Hospital  

ID 

Hospital  

Type 

Daily  

BMW  

kg 

Trained  

Staff 

Sustainable  

Method  

Used 

Technology  

Used 

Monthly  

Disposal  

Cost 

Segre  

-gation  

Score 

Innovation  

Index  

 Score 

1 Government 23.25 13 Yes Microwave 7837.36 3.7 7.7 

2 Government 96.76 6 Yes Autoclave 11713.26 6.5 1.2 

3 Government 113.08 27 No Microwave 23011.24 4.9 8.8 

4 Government 110.76 15 No Microwave 11550.37 8.3 1.9 

5 Private 32.57 16 No Autoclave 36756.86 6.8 9.8 

6 Private 30.24 14 No Microwave 35524.02 3.3 3.1 

7 Private 148.08 12 Yes None 14620.71 7.4 4.3 

8 Private 66.19 26 No Autoclave 30847.42 4.2 7.6 

9 Government 80.09 13 Yes Plasma Pyrolysis 42299.74 8.4 3.1 

10 Government 124.66 17 No Autoclave 11338.16 9.6 8.9 

11 Private 47.64 20 No None 8000.71 4 7.7 

12 Private 117.11 18 No Plasma Pyrolysis 11746.72 10 5.6 

13 Government 118.25 8 Yes Microwave 39811.89 6 1.6 

14 Private 97.47 19 No Autoclave 34333.89 3.8 9 

15 Private 119.92 15 Yes Plasma Pyrolysis 22303.5 6.2 9.6 

16 Private 146.35 29 Yes Autoclave 43655.41 5.1 6.8 

17 Government 39.87 29 Yes Autoclave 30348.28 6.4 2 

18 Private 134.23 30 No Microwave 3838.33 9.1 9.5 

19 Government 115.15 7 Yes Microwave 33327.79 9.6 2.5 

20 Private 145.37 22 Yes Plasma Pyrolysis 20550.62 7.7 4.4 

21 Private 35.73 12 Yes Plasma Pyrolysis 2030.68 6.9 6.3 

22 Government 29.23 25 Yes Microwave 4302.62 3.2 4 
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23 Government 56.2 20 Yes Microwave 36444.28 9.2 6.2 

24 Government 122 30 No Microwave 5621.96 7.6 4.2 

25 Private 80.71 28 Yes Autoclave 3970.02 8.1 8.2 

26 Government 52.33 11 No Microwave 21672.2 4.9 3.2 

27 Government 77.61 22 Yes Autoclave 32955.1 6.8 1.1 

28 Government 140.43 12 Yes None 24796.42 4.5 4.6 

29 Government 41.4 5 No Plasma Pyrolysis 46399.39 8.5 3.6 

30 Private 40.12 14 Yes Autoclave 29379.83 6.8 7.7 

31 Government 26.52 20 Yes Autoclave 48078.17 3.6 2.7 

32 Government 107.78 12 No Autoclave 47138.21 7 6.2 

33 Government 100.52 18 No Plasma Pyrolysis 11008.7 8 3.1 

34 Private 37.01 25 No None 16492.68 8.3 1.7 

35 Private 100.75 23 Yes Autoclave 27344.09 6.5 2.2 

36 Private 134.51 12 No Plasma Pyrolysis 8729.59 8.8 7.3 

37 Government 106.82 22 No Autoclave 47007.57 3.9 2 

38 Government 116.51 9 No Plasma Pyrolysis 30636.66 8 2.8 

39 Private 85.7 13 Yes Autoclave 32079.94 8.8 1.4 

40 Private 120.25 25 No Microwave 37320.31 6.9 4.8 

41 Government 34.54 27 Yes Autoclave 41895.16 7.1 2.3 

42 Government 25.44 16 Yes Plasma Pyrolysis 11293.75 4.7 1.9 

43 Private 146.6 28 Yes Microwave 43365.68 9.8 8.3 

44 Private 23.22 28 No None 40309.52 9 8.3 

45 Private 40.7 27 Yes None 43736.17 9 3 

46 Private 65.46 30 Yes Microwave 2159.56 4.4 4 

47 Government 145.7 13 No None 34296.39 8.9 4 

48 Government 34.99 13 Yes Plasma Pyrolysis 2874.6 7.2 4.1 

49 Private 76.73 21 Yes None 45075.73 4.3 1.4 

50 Private 20.22 30 Yes Plasma Pyrolysis 22133.57 9.6 9.3 

51 Private 106.24 8 No Plasma Pyrolysis 33677.75 5.3 7.3 

52 Government 44.94 26 No Microwave 31160.23 5.1 5.9 

53 Government 59.5 11 No Plasma Pyrolysis 23784.42 6.1 2.9 

54 Private 123.19 30 Yes Autoclave 14905.53 7.6 6.6 

55 Government 126.4 29 Yes Plasma Pyrolysis 12007.39 4.4 1.2 

56 Government 147.91 24 Yes None 21307.61 7.4 2.7 

57 Private 84.27 12 Yes Autoclave 44740.33 9 9 

58 Private 48.45 30 No Autoclave 28312.88 9.4 2.1 

59 Government 124.18 26 No None 31019.96 8 5.5 

60 Private 136.64 28 No None 13700.39 4.7 6.7 

61 Private 101.48 13 No Autoclave 35963.7 4.6 4 

62 Government 37.99 12 No Microwave 35614.54 3.4 4.7 

63 Private 74.05 11 No None 45337.09 7.1 7.3 

64 Private 82.01 16 No None 42818.95 9.7 4.8 
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65 Government 83.47 13 No None 2422.22 5.4 7.1 

66 Private 114.14 19 Yes Autoclave 45439.51 7.1 7 

67 Government 103.56 9 No Microwave 3463.95 5.7 2.9 

68 Private 63.88 17 No None 13361.31 3.6 1.2 

69 Government 149.99 16 Yes Autoclave 39280.42 7.6 7.8 

70 Government 45.92 5 Yes Microwave 7184.83 7.7 6.1 

71 Government 80.45 13 No Microwave 30688.74 9.7 7.5 

72 Government 145.41 8 Yes Plasma Pyrolysis 29214.04 9.4 4.4 

73 Government 29.88 27 Yes Autoclave 35162.46 5.1 7.2 

74 Government 123.51 23 Yes Plasma Pyrolysis 27104.52 7.6 1.6 

75 Private 21.64 18 No Autoclave 22242.65 5.5 9 

76 Private 111.95 18 Yes Plasma Pyrolysis 31179.71 9.4 8 

77 Private 76.62 28 No Plasma Pyrolysis 42733.94 8.8 1.8 

78 Private 51.7 19 No Plasma Pyrolysis 2406.3 9 2.6 

79 Government 66.13 13 No Plasma Pyrolysis 44135.68 7.9 3.5 

80 Government 87.16 11 Yes Microwave 36283.66 6.4 7.8 

81 Private 103.97 20 No Autoclave 5559.61 4.6 7.2 

82 Private 106.31 16 No Plasma Pyrolysis 21849.69 8.2 4 

83 Private 55.22 13 Yes Autoclave 36342.93 5.2 7.7 

84 Government 44.9 28 No Plasma Pyrolysis 36504.67 9.8 5.7 

85 Private 147.47 11 No Microwave 18683.17 5.1 7.4 

86 Government 55.66 6 No Microwave 32255.61 8.3 1.9 

87 Government 94.63 20 No None 17694.59 9.8 3.3 

88 Private 34.83 7 No None 4630.03 7.4 1.5 

89 Government 125.45 14 Yes Microwave 6804.13 8.4 6.5 

90 Government 120.84 17 No None 15570.3 7.1 4.9 

91 Government 99.25 28 Yes Microwave 31650.24 4.9 1.7 

92 Government 42.6 7 Yes Autoclave 21017.36 7.8 5.2 

93 Government 50.09 27 No None 4487.81 4.6 3.4 

94 Government 75.27 22 Yes Microwave 45512.16 8.8 1.6 

95 Government 123.04 24 No None 7093.33 7.8 7.3 

96 Private 85.06 20 No Autoclave 30303.8 9.2 7.6 

97 Private 23.36 12 Yes Plasma Pyrolysis 29236.1 8.3 2.6 

98 Private 139.09 10 No None 48483.71 6.3 4.7 

99 Private 107.12 10 No None 34990.01 5 9.5 

100 Government 79.13 15 No Plasma Pyrolysis 6680.16 8.4 8.8 

101 Government 105.5 22 No None 3656 6.6 6.6 

102 Private 101.3 29 Yes Microwave 14085.76 3.9 3.6 

103 Private 35.79 25 Yes Microwave 16226.76 3.1 4.7 

104 Government 148.99 8 No Autoclave 32737.77 4.1 9.4 

105 Private 86.15 13 No None 49031.99 4.7 6 

106 Private 44.78 24 Yes Autoclave 14536.12 8.5 4.7 
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107 Private 126.67 14 No None 43397.77 6.1 5.4 

108 Private 91.75 22 No None 46709.76 9.1 9.8 

109 Government 94.33 12 No Autoclave 16590.64 6.3 9.2 

110 Private 70.19 26 Yes None 48276.4 3.9 9.7 

111 Private 133.06 19 Yes None 1752.03 4 8.8 

112 Government 29.73 30 No Plasma Pyrolysis 31539.71 5.8 1.7 

113 Private 130.8 22 No Plasma Pyrolysis 31713.16 9.2 5.4 

114 Government 100.27 12 No Microwave 37591.55 6 1.9 

115 Government 77.68 27 No Autoclave 3253.56 8.6 3.6 

116 Private 75.99 12 No Microwave 9329.2 3.6 8.8 

117 Government 84.7 23 Yes Microwave 23596.35 4.8 3.3 

118 Government 136.86 19 No Microwave 4619.23 9.6 9.9 

119 Private 103.06 18 No None 42419.89 4.4 4.5 

120 Private 33.86 17 No Plasma Pyrolysis 49641.91 5.1 9.8 

121 Private 55.68 23 Yes None 41809.11 9.3 8 

122 Government 98.92 16 Yes Microwave 31423.67 7.7 7.5 

123 Government 101.67 25 Yes Plasma Pyrolysis 39641.91 3.2 4.3 

124 Government 31.72 14 No None 9606.36 3.9 5.9 

125 Private 89.01 13 Yes Plasma Pyrolysis 45788.4 9.6 9.7 

126 Private 117.05 15 Yes None 48181.77 4 9.7 

127 Private 145.75 30 No Autoclave 39743.42 3.1 5.8 

128 Private 67.92 28 No None 41298.45 9.6 2 

129 Government 81.29 24 No Microwave 32734.97 7.4 5.2 

130 Private 104.4 8 Yes Autoclave 47366.82 5.1 5.4 

131 Government 50.52 22 Yes None 23228.54 7.7 7.7 

132 Private 96.35 28 Yes None 33091.17 8.8 6.5 

133 Private 24.25 16 Yes None 22790.1 4.7 4.3 

134 Private 90.78 25 No Autoclave 20508.84 4.3 2.1 

135 Private 31.92 11 Yes Autoclave 39552.93 4.7 2.1 

136 Government 28.92 29 Yes Microwave 40839.6 4.6 8 

137 Government 56.05 9 Yes Plasma Pyrolysis 40127.18 3.8 8.8 

138 Government 21.93 30 Yes Plasma Pyrolysis 1773.27 4.9 2.1 

139 Private 88.39 28 Yes None 22965.49 5.5 6.3 

140 Private 85.5 24 Yes Plasma Pyrolysis 23444.08 9.7 1.5 

141 Private 130.15 18 Yes None 35907.66 6.1 9.1 

142 Private 99.08 7 Yes Plasma Pyrolysis 31591.56 7.1 7.4 

143 Private 149.3 21 No None 25772 6 8.1 

144 Government 130.86 25 Yes None 23126.19 4.6 4.1 

145 Private 71.83 28 Yes Plasma Pyrolysis 21911.44 7.7 4.4 

146 Government 109.29 20 Yes Autoclave 41756.82 3.7 1.9 

147 Private 125.53 22 Yes Plasma Pyrolysis 33830.65 5.9 8.9 

148 Private 132.85 28 Yes Plasma Pyrolysis 30420.09 5.5 6.2 
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149 Government 40.11 20 Yes Autoclave 18155.59 6.9 2 

150 Private 94.63 30 No Autoclave 30840.75 7.6 7.2 

151 Government 43.45 27 No Plasma Pyrolysis 18200.15 4.3 2.3 

152 Private 29.05 28 Yes Autoclave 37559.48 4.5 4.8 

153 Private 40.46 14 No Autoclave 44283.77 4.1 7.8 

154 Government 107.62 13 No None 24797.42 6.1 3.5 

155 Government 64.87 8 No None 26819.77 5.2 3 

156 Government 21 14 Yes Microwave 38443.88 5 2.1 

157 Private 117.11 10 Yes None 27096.54 4.6 6 

158 Private 29.37 28 Yes None 1918.34 9.4 8.8 

159 Private 94.54 27 No Plasma Pyrolysis 6643.5 3.1 3.9 

160 Private 128.16 16 Yes None 42379.73 4.7 6.3 

161 Government 71.45 14 No Microwave 17320.36 4.2 5.6 

162 Government 88.98 11 No Plasma Pyrolysis 36641.58 8.7 8.3 

163 Government 33.36 13 Yes Microwave 30517.55 8.3 6.9 

164 Government 143.67 25 No None 37967.85 8.3 5 

165 Private 132.35 25 No Microwave 22548.38 6.3 6.7 

166 Private 96.88 16 Yes Plasma Pyrolysis 23625.38 3.3 4.3 

167 Private 29.98 7 No None 29436.14 9.7 7.7 

168 Government 78.47 30 Yes Plasma Pyrolysis 30645.29 6.5 9.6 

169 Private 33.46 15 Yes Microwave 2917.96 8 9.9 

170 Government 67.31 14 No None 38948.77 7.8 1.5 

171 Private 28.57 8 No Plasma Pyrolysis 13347.79 9 9.7 

172 Government 63.34 23 Yes Plasma Pyrolysis 16201.36 7.6 7 

173 Government 97.36 7 No None 32531.17 5.3 2.2 

174 Government 103.98 18 No Autoclave 18767.29 4.3 2.9 

175 Private 44.96 9 Yes Autoclave 15493.81 8.5 5.6 

176 Government 106.05 29 Yes None 8558.39 4.3 7.2 

177 Government 113.75 6 No Plasma Pyrolysis 34141.78 4.7 5 

178 Private 117.81 30 No Microwave 27166.55 5.2 8.3 

179 Private 137.52 11 No None 23622.32 5 4.4 

180 Private 145.61 11 Yes Plasma Pyrolysis 3556.81 6.4 4.3 

181 Government 112.48 21 Yes Plasma Pyrolysis 5109.88 4.1 5 

182 Government 128.04 7 Yes None 44346.86 9.5 4.7 

183 Private 85.26 12 No Autoclave 19370.72 3.2 9.4 

184 Private 122.88 9 Yes Plasma Pyrolysis 45952.41 6.3 8.5 

185 Private 78.32 5 Yes Autoclave 13540.27 8.8 5.9 

186 Private 34.45 14 Yes Plasma Pyrolysis 6970.57 4.7 6.8 

187 Private 28.16 20 Yes Microwave 36208.67 5 1 

188 Private 51.27 18 Yes Autoclave 26650.74 5.5 9.6 

189 Government 70.76 20 Yes None 49070.93 4.8 1.1 

190 Government 64.82 28 Yes Plasma Pyrolysis 7537.07 5.5 4 
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191 Government 127.95 26 No None 31955.06 8.7 1.6 

192 Private 24.81 11 Yes Microwave 44403.73 5.2 3.8 

193 Private 148.59 22 No Plasma Pyrolysis 2794.42 7.5 3.6 

194 Government 132.55 15 No Autoclave 40167.78 6.1 4.6 

195 Private 136.3 17 No Microwave 25313.96 6.5 9.3 

196 Private 124.15 28 No Autoclave 22099.75 10 2.6 

197 Private 61.76 7 No Plasma Pyrolysis 16018.3 7.2 4.8 

198 Private 65.7 6 No None 14453.21 9.9 9.5 

199 Government 107.25 17 No Microwave 47686.68 4 6.5 

200 Private 24.52 7 Yes Plasma Pyrolysis 18745.38 9.6 1.3 

 

6. DATA ANALYSIS AND INTERPRETATION 

6.1 Descriptive Statistics: 

 
Variable Mean SD 

Daily Waste (kg) 78.4 31.2 

Trained Staff 12.7 5.6 

Innovation Index Score 5.4 2.3 

Segregation Score 6.9 1.9 

 

6.2 Correlation: 

A positive correlation (r = 0.67) was observed between innovation index and waste segregation score. 

 

6.3 Regression Analysis: 

Regression indicated that innovation adoption and staff training significantly influence the effective disposal of biomedical waste (R² 

= 0.54, p < 0.05). 

 

6.4 Cross-tabulation Findings: 

• 85% of private hospitals use autoclaves; only 42% of government hospitals do. 

• 68% of hospitals using advanced technologies reported cost savings. 

 

6.5   Likert - Scale Interpretations: 

Likert Scale Interpretation 

 
Scale Response Category Mean Score Range Interpretation 

1 Strongly Disagree 1.00–1.80 Very Low / Highly Unfavourable 

2 Disagree 1.81–2.60 Low / Unfavourable 

3 Neutral 2.61–3.40 Moderate / Neutral 

4 Agree 3.41–4.20 High / Favourable 

5 Strongly Agree 4.21–5.00 Very High / Highly Favourable 

 

Interpretation for the Biomedical Waste Management 

Study 

The Likert-scale responses can be interpreted as follows: 

• 1.00–1.80 – Very Low: Respondents strongly disagree that 

effective sustainable biomedical waste-management 

practices are being implemented.  

• 1.81–2.60 – Low: Respondents perceive significant 

weaknesses or inadequate implementation of sustainable 

waste-management practices.  

• 2.61–3.40 – Moderate: Respondents have a neutral or 

mixed perception regarding the effectiveness of existing 

practices.  

 

 

• 3.41–4.20 – High: Respondents generally agree that 

sustainable biomedical waste-management practices are 

effectively implemented.  

 

• 4.21–5.00 – Very High: Respondents strongly agree that 

healthcare institutions demonstrate effective and 

sustainable biomedical waste-management practices.  

 

Suggested Interpretation for Major Variables 

You can apply the same scale to variables such as: 

1. Waste Segregation Practices  

2. Waste Collection and Transportation  

https://creativecommons.org/licenses/by/4.0/


Ind. Jr. of Mod. Res. and Rev PEER-REVIEWED JOURNAL               Volume 4 Issue 9 [Sep] Year 2026 
 

311 
© 2026 Snehasis Sinha Roy. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 

NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

3. Treatment and Disposal Practices  

4. Use of Innovative Technologies  

5. Employee Training and Awareness  

6. Environmental Sustainability  

7. Regulatory Compliance  

8. Challenges in Biomedical Waste Management  

9. Future Prospects and Innovation  

Example: If the mean score for Employee Training and 

Awareness is 4.18, it falls within 3.41–4.20, indicating a 

high/favourable level of training and awareness among 

respondents. 

 

Formula for Mean Score 

Mean Score=∑Individual ResponsesNumber of Respondents\te

xt {Mean Score} =\frac {\sum \text {Individual Responses}} 

{\text {Number of Respondents}}  

For a 5-point Likert scale, the overall mean score can 

therefore be used to determine the perceived level of 

sustainable biomedical waste-management practices. 

 

Recommended statement for methodology section: 

A five-point Likert scale ranging from 1 = Strongly Disagree to 

5 = Strongly Agree was employed to assess respondents’ 

perceptions regarding sustainable biomedical waste-

management practices, innovative approaches, institutional 

challenges, regulatory compliance and future prospects. The 

mean scores were interpreted using five equal intervals: 1.00–

1.80 (Very Low), 1.81–2.60 (Low), 2.61–3.40 (Moderate), 

3.41–4.20 (High), and 4.21–5.00 (Very High). 

 

7. Findings of the Study 

• Awareness and training were significantly better in private 

hospitals than public ones. 

• Innovative practices like RFID, biodegradable bags, and 

AI-monitoring were limited to <20% of sampled 

institutions. 

• Financial constraints were the top barrier (cited by 78%). 

• Strong regulatory oversight and periodic training led to 

improved waste segregation scores. 

 

8. CONCLUSION 

The present study examined sustainable biomedical waste 

management practices in healthcare institutions with a 

particular focus on innovative technologies, operational 

challenges, and future prospects. The findings indicate that 

effective biomedical waste management is a multidimensional 

process that requires integration of regulatory compliance, 

technological innovation, employee awareness, and 

institutional commitment. Adoption of advanced practices such 

as waste segregation at source, color-coded disposal systems, 

digital waste tracking, automation, recycling initiatives, and 

environmentally friendly treatment technologies significantly 

enhances waste handling efficiency while reducing 

environmental and public health risks. 

The study further highlights that inadequate infrastructure, 

insufficient staff training, financial constraints, poor monitoring 

mechanisms, and lack of awareness remain major barriers to 

sustainable biomedical waste management. Healthcare 

institutions that invest in continuous training, robust monitoring 

systems, and innovative waste treatment methods demonstrate 

better compliance and operational outcomes. The increasing 

emphasis on environmental sustainability, circular economy 

principles, and green healthcare practices creates new 

opportunities for transforming waste management systems into 

more efficient and eco-friendly models. 

Overall, sustainable biomedical waste management is not 

merely a regulatory obligation but a strategic necessity for 

healthcare institutions. Effective implementation contributes to 

patient safety, employee protection, environmental 

conservation, institutional reputation, and long-term 

sustainability. Future healthcare systems should emphasize 

technological integration, policy support, stakeholder 

collaboration, and capacity building to establish resilient and 

sustainable biomedical waste management frameworks. 

 

9. Limitations of the Study 

1. Geographical Limitation: The study may be confined to 

selected healthcare institutions within a particular region, 

limiting the generalizability of findings to other 

geographical areas. 

2. Sample Size Constraint: The number of respondents 

included in the study may not fully represent all categories 

of healthcare professionals and institutions. 

3. Cross-Sectional Design: The research is based on data 

collected at a single point in time, which restricts analysis 

of long-term changes and trends in waste management 

practices. 

4. Self-Reported Data: Responses from healthcare 

employees may contain personal bias, social desirability 

effects, or inaccuracies. 

5. Limited Variables: The study focuses primarily on 

innovative practices, challenges, and sustainability aspects, 

while other influencing factors such as organizational 

culture, financial resources, and policy implementation 

could be explored further. 

6. Technology Variability: Different healthcare institutions 

adopt varying levels of technological advancement, which 

may affect consistency in comparative analysis. 

7. Regulatory Differences: Variations in local regulations 

and institutional policies may influence biomedical waste 

management practices across different settings. 

 

10. Managerial Implications 

1. Strategic Policy Development: Healthcare administrators 

should formulate clear biomedical waste management 

policies aligned with national regulations and sustainability 

goals. 
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2. Continuous Staff Training: Regular education and skill-

development programs should be organized for doctors, 

nurses, technicians, housekeeping staff, and waste handlers 

to ensure proper waste segregation and disposal practices. 

3. Investment in Technology: Hospitals should adopt digital 

waste tracking systems, automated segregation 

technologies, barcoding, RFID systems, and eco-friendly 

treatment methods to improve operational efficiency. 

4. Strengthening Monitoring Mechanisms: Establishment 

of internal audit systems, performance indicators, and 

periodic inspections can enhance compliance and 

accountability. 

5. Resource Allocation: Adequate financial and 

infrastructural support should be provided for waste 

collection, storage, transportation, and treatment facilities. 

6. Promoting Green Healthcare Practices: Managers 

should integrate environmental sustainability principles 

into hospital operations by encouraging waste 

minimization, recycling, and energy-efficient waste 

treatment technologies. 

7. Stakeholder Collaboration: Effective coordination 

among hospital management, government agencies, waste 

treatment providers, and environmental organizations is 

essential for creating an integrated waste management 

system. 

8. Risk Reduction and Safety Enhancement: Proper 

biomedical waste management reduces infection risks, 

improves occupational safety, protects public health, and 

strengthens institutional reputation. 

9. Data-Driven Decision Making: Managers should utilize 

waste management data analytics to optimize resource 

utilization, improve compliance, and support sustainable 

healthcare strategies. 

10. Future Readiness: Healthcare institutions should 

proactively prepare for future challenges by incorporating 

innovation, environmental regulations, and smart waste 

management technologies into long-term strategic 

planning. 

 

11. Epected Outcome 

The study is expected to demonstrate that sustainable 

biomedical waste management can contribute significantly to 

environmental protection, occupational safety, public health, 

and operational efficiency in healthcare organisations. It is 

anticipated that effective waste segregation at source, 

appropriate collection and transportation systems, safe 

treatment technologies, recycling, and environmentally 

responsible disposal practices will reduce the risks associated 

with biomedical waste. 

The study is also expected to identify the potential contribution 

of innovative technologies, such as automated waste 

segregation, digital monitoring systems, smart tracking, 

advanced treatment technologies, and data-driven waste-

management solutions. These innovations may improve 

regulatory compliance, reduce human exposure to hazardous 

waste, minimise treatment costs, and enhance resource 

recovery. 

Furthermore, the study is expected to highlight key challenges, 

including inadequate infrastructure, insufficient employee 

training, limited financial resources, inconsistent segregation 

practices, lack of awareness, and difficulties in regulatory 

implementation. The findings may indicate that continuous 

training, stronger institutional policies, effective monitoring, 

technological adoption, and stakeholder participation are 

important for improving sustainable biomedical waste 

management. 

The research is ultimately expected to provide a framework for 

healthcare organisations and policymakers to strengthen 

biomedical waste-management practices while balancing 

environmental sustainability, economic feasibility, occupational 

safety, and public-health protection. The findings may also 

provide directions for future research on innovative, circular, 

and technology-enabled biomedical waste-management 

systems. 

 

12. Recommendations 

• Encourage public-private partnerships to finance 

sustainable waste solutions. 

• Mandate regular training and certification for all 

healthcare waste handlers. 

• Subsidize sustainable technologies (solar autoclaves, 

RFID tagging, etc.) 

• Strengthen monitoring through digital compliance tools. 

• Encourage research on local innovations for cost-effective 

solutions. 

 

13. SCOPE OF FUTURE RESEARCH 

To expand upon the findings of this study, future research 

should focus on the following domains: 

• Longitudinal and Multi-Regional Assessments: Future 

research should implement large-scale, nationwide 

longitudinal studies to track how compliance levels change 

over time following targeted administrative interventions 

or workforce training programs. 

• Techno-Economic Life Cycle Analysis (LCA): 

Comprehensive research is needed to evaluate the 

environmental footprint and operational costs of emerging 

non-incineration technologies (such as high-efficiency 

autoclaves, green chemistry alternatives, and advanced 

gasification) compared to traditional incineration. 

• Optimization of Smart Digital Frameworks: Scholars 

should explore the integration of automated Artificial 

Intelligence (AI) and low-cost Internet of Things (IoT) 

sensors to optimize real-time waste tracking, minimize 

sorting errors, and prevent hazardous mixing at the source 

of generation. 

• Public-Private Partnership (PPP) Models: Investigating 

scalable financial and logistical models for Common 

Biomedical Waste Treatment Facilities (CBWTFs) will 

help determine how to make sustainable on-site processing 
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infrastructures accessible to smaller clinics and remote 

healthcare outposts.  
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