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Abstrak 

Sisa farmaseutikal harus dirawat dengan cara yang terbaik bagi mengelakkan 
berlakunya kemudaratan terhadap kesihatan orang awam dan alam sekitar. Oleh itu, 
amalan hijau boleh diguna pakai dalam merawat sisa dengan seefektif yang mungkin. 
Walau bagaimanapun, penyelidikan mengenai rawatan terbaik dengan ciri hijau hanya 
dijalankan di negara lain dan tidak boleh menjadi rujukan utama untuk Malaysia 
kerana perbezaan geografi. Secara praktikalnya, pendekatan untuk memodelkan 
pembuatan keputusan holistik bagi sisa farmaseutikal dalam konteks Malaysia dan 
menilai kekukuhan sebuah model adalah amat diperlukan. Oleh itu, kajian ini 
membangunkan satu model pembuatan keputusan bagi memilih rawatan terbaik untuk 
sisa farmaseutikal dalam konteks amalan hijau di Malaysia. Dengan menggunakan 
kajian literatur sistematik dan pendapat pakar, satu senarai komprehensif kriteria, 
berserta sub-kriteria dan kaedah rawatan telah berjaya dikumpulkan. Pengiraan 
wajaran untuk kriteria dan sub-kriteria serta pemeringkatan rawatan telah dianalisis 
melalui kaedah TOPSIS Delphi kabur. Keputusan menunjukkan bahawa imobilisasi 
sisa (enkapsulasi) telah dipilih sebagai rawatan pelupusan terbaik dan alam sekitar 
merupakan kriterion terpenting seperti mana dinilai oleh satu panel pakar.  Analisis 
sensitiviti menunjukkan bahawa gabungan kriteria yang berbeza mempengaruhi 
susunan keutamaan rawatan. Model yang dibangunkan menyumbang kepada pihak 
pemegang taruh yang berkaitan dengan pengurusan sisa dalam membantu proses 
pembuatan keputusan. Ia juga memperluaskan pengetahuan pengurusan sisa daripada 
perspektif amalan hijau dan dihujahkan sebagai satu mekanisma yang boleh dipercayai 
untuk dilaksanakan di Malaysia. 

 

Kata kunci: Sisa farmaseutikal, Pemilihan rawatan, Delphi kabur, TOPSIS kabur 
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Abstract 

Pharmaceutical waste should be treated in the best possible manner to avoid harm 
toward public health and the environment. Thus, green practices can be adopted in 
treating the waste as effectively as possible. However, research about the best 
treatment with green features has only been conducted in other countries and cannot 
be a primary reference for Malaysia due to geographical differences. Practically, an 
approach to model holistic decision-making for pharmaceutical waste in Malaysia 
context and evaluate the robustness of the model is essential. Hence, this research 
develops a decision-making model to select the best treatment for pharmaceutical 
waste in the context of green practices in Malaysia. By using a systematic literature 
review and experts’ opinions, a comprehensive list of criteria, sub-criteria, and 
treatments were successfully collected. The computation of weights for criteria and 
sub-criteria as well as the ranking of treatments were analysed through Fuzzy Delphi 
TOPSIS. The results revealed that waste immobilisation (encapsulation) is selected as 
the best treatment and environmental is the most important criterion as evaluated by a 
panel of experts. The sensitivity analysis indicated that different combinations of 
criteria could influence the ranking of the treatments. The developed model contributes 
to the related stakeholders in waste management to assist the decision-making process. 
It also expands the knowledge of waste treatment in the perspective of green practices 
and it is argued to be a trustworthy mechanism to be implemented in Malaysia. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

The introduction of the green practice policy plays an essential role in treating waste 

in an environmentally friendly manner, especially for the process of managing 

hazardous waste, namely, pharmaceuticals, which intends to provide a more effective, 

safe, and secure system (Courtier, Cadiere, & Roig, 2019). This green policy serves to 

evidently support environmental preservation in Malaysia, reflecting the government's 

serious and solemn stance in preserving Malaysia’s wildlife and biodiversity (Ministry 

of Energy, Green Technology and Water Malaysia, 2009). 

Nonetheless, Malaysia still faces problems in optimising the best treatment in 

the context of green practice, especially for pharmaceutical waste, as it involves 

various treatments, criteria, and sub-criteria that need to undergo thorough 

considerations. Furthermore, implementing treatment settings that are equipped with 

the necessary green features still poses a challenge to the relevant agencies due to a 

lack of knowledge of the green features for such treatments. Hence, the government 

has sought experts’ reviews from various fields of knowledge, such as policymakers 

and practitioners, for a thorough decision. Unfortunately, the problems mentioned 

earlier continue to persist since each expert had a distinct perspective relating to this 

issue in selecting the best treatment for pharmaceutical waste in the context of green 

practice. 

Therefore, a technique is required to put together a solution to ensure all of 

these experts come to a consensus in making the decision. With the help of a census 



  

114 
 

REFERENCES 

Aghelie, A., Mustapha, N. M., Sorooshian, S., Azizan, N. A., & Makmur, P. D. (2016). 
Mathematical modeling of interrelationship analysis to determine multi-criteria 
decision-making casual relations. Journal of Advanced Research Design, 20, 18–
33. 

Agrawal, S., Singh, R. K., & Murtaza, Q. (2016). Prioritizing critical success factors 
for reverse logistics implementation using fuzzy-TOPSIS methodology. Journal 

of Industrial Engineering International, 12(1), 15-27. 

Akhtar, I. (2016). Research design. Research in Social Science. Interdisciplinary 

Perspectives, 3(4), 68–84. 

Ali, M., Yadav, A., & Anis, M. (2015). Assessment of hazardous waste management 
proposal: using the analytic hierarchy process. International Journal of 

Economics, Commerce and Management, 3(7), 315–327. 

Anill Babu, M. (2016). A Short Review on Pharmaceutical Waste Disposal and 
Management. Research & Reviews: Journal of Pharmaceutics and 

Nanotechnology, 4(3), 1–7. https://www.rroij.com/open-access/a-short-review-
on-pharmaceutical-waste-disposal-and-management-.php?aid=82745 

Aruldoss, M. , Lakshmi, T. M., & Venkatesan, V. P. (2013). A survey on multi-criteria 
decision-making methods and its applications. American Journal of Information 

Systems, 1(1), 31-43. 

Asadabadi, M. R., Chang, E., & Saberi, M. (2019). Are MCDM methods useful? A 
critical review of Analytic Hierarchy Process (AHP) and Analytic Network 
Process (ANP). Cogent Engineering, 6(1). 
https://doi.org/10.1080/23311916.2019.1623153 

Aung, T. S., Luan, S., & Xu, Q. (2019). Application of multi-criteria decision approach 
for the analysis of medical waste management systems in Myanmar. Journal of 

Cleaner Production, 222, 733-745. 

Bağdatli Kalkan, S., Turanli, M., Özden, Ü. H., & Deniz Başar, Ö. (2017). Comparison 
of ranking results obtained by Topsis and Vikor methods, using the same criteria 
as times higher education world. European Journal of Business and Social 

Sciences, 6(1), 107–122. 

Bain, K. T. (2010). Public health implications of household pharmaceutical waste in 
the United States. Health Services Insights, 3, 21–36. 
https://doi.org/10.4137/hsi.s4673  

Balioti, V., Tzimopoulos, C., & Evangelides, C. (2018). Multi-criteria decision-
making using TOPSIS method under fuzzy environment. Application in spillway 
selection. In Multidisciplinary Digital Publishing Institute Proceedings, 2(11), 
637. https://doi.org/10.3390/proceedings2110637  



  

115 
 

Banwat, S. B., Auta, A., Dayom, D. W., & Buba, Z. (2016). Assessment of the storage 
and disposal of medicines in some homes in Jos north local government area of 
Plateau state, Nigeria. Tropical Journal of Pharmaceutical Research, 15(5), 989–
993. https://doi.org/10.4314/tjpr.v15i5.13  

Bashaar, M., Thawani, V., Hassali, M. A., & Saleem, F. (2017). Disposal practices of 
unused and expired pharmaceuticals among general public in Kabul. BMC Public 

Health, 17(1), 1–8. https://doi.org/10.1186/s12889-016-3975-z 

Bryman, A., & Bell, E. (2003). Business Research Methods. Oxford University Press. 

Bui, T. D., Tsai, F. M., Tseng, M. L., & Ali, M. H. (2020). Identifying sustainable 
solid waste management barriers in practice using the fuzzy Delphi method. 
Resources, conservation and recycling, 154, 104625. 

Cabrerizo, F. J., Chiclana, F., Al-Hmouz, R., Morfeq, A., Balamash, A. S., & Herrera-
Viedma, E. (2015). Fuzzy decision-making and consensus: challenges. Journal 

of Intelligent & Fuzzy Systems, 29(3), 1109-1118. 

Carnero, M. C. (2020). Fuzzy TOPSIS model for assessment of environmental 
sustainability: a case study with patient judgements. Mathematics, 8(11). 
https://doi.org/10.3390/math8111985 

Chaira, T. (2019). Fuzzy set and its extension. The intuionistic fuzzy set. John Wiley & 
Sons, Inc. 

Chen, C. T. (2000). Extensions of the TOPSIS for group decision-making under the 
fuzzy environment. Fuzzy Sets and Systems, 114(1), 1-9. 
https://doi.org/10.1016/S0165-0114(97)00377-1 

Chen, T. Y. (2015). The inclusion-based TOPSIS method with interval-valued 
intuitionistic fuzzy sets for multiple criteria group decision making. Applied Soft 

Computing, 26, 57-73. 

Chen, G., & Pham, T. T. (2001). Introduction to fuzzy sets, fuzzy logic and fuzzy 

control systems. New York: CRC Press. 

Chen, X., & Sun, Y. (2018). Evaluation of Health-Care Waste Treatment Technologies 
Based on Analytic Network Process. Proceedings of the International Symposium 

on the Analytic Hierarchy Process: The 15th ISAHP Conference. 

https://doi.org/10.13033/isahp.y2018.027 

Cheng, C. H., & Lin, Y. (2002). Evaluating the best main battle tank using fuzzy 
decision theory with linguistic criteria evaluation. European journal of 

operational research, 142(1), 174-186. https://doi.org/10.1016/S0377-
2217(01)00280-6 

Chung, S. S., & Brooks, B. W. (2019). Identifying household pharmaceutical waste 
characteristics and population behaviors in one of the most densely populated 
global cities. Resources, Conservation and Recycling, 140, 267-277. 
https://doi.org/10.1016/j.resconrec.2018.09.024 



  

116 
 

Courtier, A., Cadiere, A., & Roig, B. (2019). Human pharmaceuticals: why and how 
to reduce their presence in the environment. Current Opinion in Green and 

Sustainable Chemistry, 15, 77–82. https://doi.org/10.1016/j.cogsc.2018.11.001  

Creswell, J. W. (2014). Research design: Qualitative, quantitative and mixed method 

approaches (4th Edition). SAGE Publications, Inc. 

Dai, W., Zhong, Q., & Qi, C. (2016). Multistage multiattribute group decision-making 
method based on triangular fuzzy MULTIMOORA. Mathematical Problems in 

Engineering. https://doi.org/10.1155/2016/1687068 

Dalkey, N., & Helmer, O. (1963). An experimental application of the Delphi method 
to the use of experts. Management science, 9(3), 458-467. 

Dar, M. A., Maqbool, M., & Rasool, S. (2019). Pharmaceutical wastes and their 
disposal practice in routine. International Journal of Information and Computing 

Science, 6(4), 78–92.  

Department of Environment. (2020). Environmental Quality Report 2019. Selangor, 
Malaysia: Strategic Communication Division, Department of Environment 
Malaysia 

dos Muchangos, L. S., Tokai, A., & Hanashima, A. (2015). Analyzing the structure of 
barriers to municipal solid waste management policy planning in Maputo city, 
Mozambique. Environmental Development, 16, 76-89. 

Dursun, M., Karsak, E. E., & Karadayi, M. A. (2011). Assessment of health-care waste 
treatment alternatives using fuzzy multi-criteria decision-making approaches. 
Resources, Conservation and Recycling, 57, 98–107. 
https://doi.org/10.1016/j.resconrec.2011.09.012 

Economic Planning Unit. (2015). Eleventh Malaysia Plan (2016-2020): Anchoring 

growth on people. Putrajaya, Malaysia: Economic Planning Unit, Prime 
Minister's Department. 

El Amine, M., Pailhes, J., & Perry, N. (2014). Comparison of different Multiple-
criteria decision analysis methods in the context of conceptual design: application 
to the development of a solar collector structure. Proceedings of Joint Conference 

on Mechanical, Design Engineering & Advanced Manufacturing, 1–6. 
http://hdl.handle.net/10985/8102 

Estay-Ossandon, C., Mena-Nieto, A., & Harsch, N. (2018). Using a fuzzy TOPSIS-
based scenario analysis to improve municipal solid waste planning and 
forecasting: a case study of Canary archipelago (1999–2030). Journal of cleaner 

production, 176, 1198-1212. 

Eubank, B. H., Mohtadi, N. G., Lafave, M. R., Wiley, J. P., Bois, A. J., Boorman, R. 
S., & Sheps, D. M. (2016). Using the modified Delphi method to establish clinical 
consensus for the diagnosis and treatment of patients with rotator cuff pathology. 
BMC medical research methodology, 16(1), 1-15. 

Fekadu, S., Alemayehu, E., Dewil, R., & Van der Bruggen, B. (2019). Pharmaceuticals 



  

117 
 

in freshwater aquatic environments: A comparison of the African and European 
challenge. Science of the Total Environment, 654, 324–337. 
https://doi.org/10.1016/j.scitotenv.2018.11.072 

Fink-hafner, D., Dagen, T., Douˇ, M., & Hafner-fink, M. (2019). Delphi Method : 
Strengths and Weaknesses. The Delphi Method in Social Research - 

Epistemologi-. 16(2), 1–19. 

Geetha, S., Narayanamoorthy, S., Kang, D., & Kureethara, J. V. (2019). A novel 
assessment of healthcare waste disposal methods : Intuitionistic hesitant fuzzy 
MULTIMOORA decision-making approach. IEEE Access, 7, 130283–130299. 

Ghadimi, P., Azadnia, A. H., Heavey, C., Dolgui, A., & Can, B. (2016). A review on 
the buyer-supplier dyad relationships in sustainable procurement context: Past, 
present and future. International Journal of Production Research, 54(5), 1443–
1462. https://doi.org/10.1080/00207543.2015.1079341 

Ghasemi, M. K., & Yusuff, R. B. M. (2016). Advantages and disadvantages of 
healthcare waste treatment and disposal alternatives: Malaysian scenario. Polish 

Journal of Environmental Studies, 25(1), 17–25. 
https://doi.org/10.15244/pjoes/59322 

Grime, M. M., & Wright, G. (2016). Delphi Method. Wiley StatsRef: Statistics 

Reference Online, 1-6. https://doi.org/10.1002/9781118445112.stat07879 

Gu, W., Saaty, T. L., & Wei, L. (2018). Evaluating and Optimizing Technological 
Innovation Efficiency of Industrial Enterprises Based on Both Data and 
Judgments. International Journal of Information Technology and Decision-

making, 17(1), 9–43. https://doi.org/10.1142/S0219622017500390 

Habibi, A., Jahantigh, F. F., & Sarafrazi, A. (2015). Fuzzy Delphi technique for 
forecasting and screening items. Asian Journal of Research in Business 

Economics and Management, 5(2), 130-143. 

Hafezalkotob, A., Hafezalkotob, A., Liao, H., & Herrera, F. (2019). An overview of 
MULTIMOORA for multi-criteria decision-making: Theory, developments, 
applications, and challenges. Information Fusion, 51, 145–177. 
https://doi.org/10.1016/j.inffus.2018.12.002 

Hasan, M. M., & Rahman, M. H. (2018). Assessment of Healthcare Waste 
Management Paradigms and Its Suitable Treatment Alternative: A Case Study. 
Journal of Environmental and Public Health, 1–14. 
https://doi.org/10.1155/2018/6879751 

Hatami-Marbini, A., & Kangi, F. (2017). An extension of fuzzy TOPSIS for a group 
decision making with an application to Tehran stock exchange. Applied Soft 

Computing, 52, 1084-1097. https://doi.org/10.1016/j.asoc.2016.09.021 

He, Y. H., Wang, L. B., He, Z. Z., & Xie, M. (2016). A fuzzy TOPSIS and rough set 
based approach for mechanism analysis of product infant failure. Engineering 

Applications of Artificial Intelligence, 47, 25-37. 
https://doi.org/10.1016/j.engappai.2015.06.002 



  

118 
 

Herrera, F., Herrera-Viedma, E., & Verdegay, J. L. (1996). A linguistic decision 
process in group decision making. Group Decision and Negotiation, 5(2), 165-
176. 

Hinduja, A., & Pandey, M. (2018). Assessment of healthcare waste treatment 
alternatives using an integrated decision support framework. International 

Journal of Computational Intelligence Systems, 12(1), 318–333. 
https://doi.org/10.2991/ijcis.2018.125905685 

Hsu, Y.-L., Lee, C.-H., & Kreng, V. B. (2010). The application of Fuzzy Delphi 
Method and Fuzzy AHP in lubricant regenerative technology selection. Expert 

Systems with Applications, 37(1), 419–425. 

Hwang, C. L., & Yoon, K. (1981). Multiple attributes decision-making methods and 

applications. Berlin: Springer. 

Ishikawa, A., Amagasa, M., Shiga, T., Tomizawa, G., Tatsuta, R., & Mieno, H. (1993). 
The max-min Delphi method and fuzzy Delphi method via fuzzy integration. 
Fuzzy sets and systems, 55(3), 241-253. https://doi.org/10.1016/0165-
0114(93)90251-C 

Jaseem, M., Kumar, P., & John, R. M. (2018). An overview of waste management in 
pharmaceutical industry. Global Journal of Energy and Environment, 6(3), 158–
161. https://doi.org/10.28933/gjee-2018-10-1001 

Kadam, A., Patil, S., Patil, S., & Tumkur, A. (2016). Pharmaceutical Waste 
Management An Overview. Indian Journal of Pharmacy Practice, 9(1), 2–8. 
https://doi.org/10.5530/ijopp.9.1.2 

Kannan, D. (2018). Role of multiple stakeholders and the critical success factor theory 
for the sustainable supplier selection process. International Journal of Production 

Economics, 195, 391-418. 

Kaufman, A., & Gupta, M. M. (1988). Introduction to Fuzzy Arithmetic: theory and 
Application, van no strand Reinhold. New York. 

Kharat, M. G., Kamble, S. J., Raut, R. D., Kamble, S. S., & Dhume, S. M. (2016). 
Modeling landfill site selection using an integrated fuzzy MCDM approach. 
Modeling Earth Systems and Environment, 2(2), 53. 

Kharat, M. G., Murthy, S., Kamble, S. J., Raut, R. D., Kamble, S. S., & Kharat, M. G. 
(2019). Fuzzy multi-criteria decision analysis for environmentally conscious 
solid waste treatment and disposal technology selection. Technology in Society, 

57, 20-29. 

Kozak, M. A., Melton, J. R., Gernant, S. A., & Snyder, M. E. (2016). A needs 
assessment of unused and expired medication disposal practices: A study from 
the Medication Safety Research Network of Indiana. Research in Social and 

Administrative Pharmacy, 12(2), 336–340. 
https://doi.org/10.1016/j.sapharm.2015.05.013 

Kraujalienė, L. (2019). Comparative analysis of multicriteria decision-making 



  

119 
 

methods evaluating the efficiency of technology transfer. Business, Management 

and Education, 17(1), 72–93. https://doi.org/10.3846/bme.2019.11014 

Kuo, Y. F., & Chen, P. C. (2008). Constructing performance appraisal indicators for 
mobility of the service industries using Fuzzy Delphi Method. Expert Systems 

with Applications, 35(4), 1930-1939. https://doi.org/10.1016/j.eswa.2007.08.068 

Liang, X., Miao, J., & Lu, Q. (2020). Improved Fuzzy Grey Relational-TOPSIS model 
for hazardous waste transporter selection. In IOP Conference Series: Earth and 

Environmental Science. 467(1), 012167. IOP Publishing. 

Liu, H. C., Wu, J., & Li, P. (2013). Assessment of health-care waste disposal methods 
using a VIKOR-based fuzzy multi-criteria decision-making method. Waste 

Management, 33(12), 2744–2751. https://doi.org/10.1016/j.wasman.2013.08.006 

Liu, H. C., You, J. X., Lu, C., & Chen, Y. Z. (2015). Evaluating health-care waste 
treatment technologies using a hybrid multi-criteria decision-making model. 
Renewable and Sustainable Energy Reviews, 41, 932–942. 
https://doi.org/10.1016/j.rser.2014.08.061 

Löfmark, A., & Mårtensson, G. (2017). Validation of the tool assessment of clinical 
education (AssCE): A study using Delphi method and clinical experts. Nurse 

education today, 50, 82-86. 

Lu, C., You, J. X., Liu, H. C., & Li, P. (2016). Health-carewaste treatment technology 
selection using the interval 2-Tuple induced TOPSIS method. International 

Journal of Environmental Research and Public Health, 13(6), 562. 
https://doi.org/10.3390/ijerph13060562 

Mabrouk, N. (2021). Green supplier selection using fuzzy Delphi method for 
developing sustainable supply chain. Decision Science Letters, 10(1), 63-70.  

Maghsoodi, A. I., Abouhamzeh, G., Khalilzadeh, M., & Zavadskas, E. K. (2018). 
Ranking and selecting the best performance appraisal method using the 
MULTIMOORA approach integrated Shannon’s entropy. Frontiers of Business 

Research in China, 12(1), 1-21. 

Mandic, K., Bobar, V., & Delibasic, B. (2015). Modeling interactions among criteria 
in MCDM methods: A review. In International Conference on Decision Support 

System, (Vol. 216, pp. 98–109) Springer, Cham. 

Mingaleva, Z., Vukovic, N., Volkova, I., & Salimova, T. (2020). Waste management 
in green and smart cities: A case study of Russia. Sustainability, 12(1), 1–17. 
https://doi.org/10.3390/SU12010094  

Ministry of Energy Green Technology and Water Malaysia. (2009). National Green 
Technology Policy. Selangor, Malaysia. 

Ministry of Health Malaysia. (2017). Pharmacy Programme Annual Report 2017. 
Selangor, Malaysia.  

Murray, T. J., Pipino, L. L., & van Gigch, J. P. (1985). A pilot study of fuzzy set 



  

120 
 

modification of Delphi. Human Systems Management, 5, 76-80. 

Mustapha, R., & Darussalam, G. (2018). Aplikasi kaedah Fuzzy Delphi dalam 

penyelidikan sains sosial. Penerbit Universiti Malaya. 

Mwita, S., Ngonela, G., & Katabalo, D. (2019). Disposal practice of unfit medicines 
in nongovernmental hospitals and private medicine outlets located in Mwanza, 
Tanzania. Journal of Environmental and Public Health, 1–5. 
https://doi.org/10.1155/2019/7074959\  

Nambiar, S. (2009). Revisiting Privatisation in Malaysia : The importance of 
institutional process. Asian Academy of Management Journal, 14(2), 21–40. 

Nema, S. K., & Ganeshprasad, K. S. (2002). Plasma pyrolysis of medical waste. 
Current Science, 83(3), 271–278. 

Okoro, R. N., & Peter, E. (2019). Household Medicines Disposal Practices in 
Maiduguri , North-Eastern Nigeria. International Journal of Health and Life 

Sciences, (4), 1–8. https://doi.org/10.5812/ijhls.5709 

Onu, P. U., Quan, X., Xu, L., Orji, J., & Onu, E. (2017). Evaluation of sustainable acid 
rain control options utilizing a fuzzy TOPSIS multi-criteria decision analysis 
model frame work. Journal of cleaner production, 141, 612-625. 
https://doi.org/10.1016/j.jclepro.2016.09.065 

Özkan, A. (2013). Evaluation of healthcare waste treatment/disposal alternatives by 
using multi-criteria decision-making techniques. Waste Management and 

Research, 31(2), 141–149. https://doi.org/10.1177/0734242X12471578 

Padilla-Rivera, A., do Carmo, B. B. T., Arcese, G., & Merveille, N. (2021). Social 
circular economy indicators: Selection through fuzzy Delphi method. Sustainable 

Production and Consumption, 26, 101-110. 

Pal, P., & Thakura, R. (2017). Pharmaceutical Waste Treatment and Disposal of 
Concentrated Rejects: A Review. International Journal of Engineering 

Technology Science and Research, 4(9), 130–155. www.ijetsr.com 

Palczewski, K., & Sałabun, W. (2019). The fuzzy TOPSIS applications in the last 
decade. Procedia Computer Science, 159, 2294-2303. 
https://doi.org/10.1016/j.procs.2019.09.404 

Parameshwaran, R., Kumar, S. P., & Saravanakumar, K. (2015). An integrated fuzzy 
MCDM based approach for robot selection considering objective and subjective 
criteria. Applied Soft Computing, 26, 31-41. 

Patil, S. K., & Kant, R. (2014). A fuzzy AHP-TOPSIS framework for ranking the 
solutions of Knowledge Management adoption in Supply Chain to overcome its 
barriers. Expert systems with applications, 41(2), 679-693. 
https://doi.org/10.1016/j.eswa.2013.07.093 

Pham, T. Y., Ma, H. M., & Yeo, G. T. (2017). Application of Fuzzy Delphi TOPSIS 
to locate logistics centers in Vietnam: The Logisticians’ perspective. The Asian 



  

121 
 

Journal of Shipping and Logistics, 33(4), 211-219. 

Prs, A., Giroult, E., & Rushbrook, P. (1999). Treatment and disposal technologies for 
health-care waste. Safe management of wastes from health-care activities. 

Geneva: World Health Organization 1999a, 77-112. 

Rafiee, A., Yaghmaeian, K., Hoseini, M., Parmy, S., Mahvi, A., Yunesian, M., Khaefi, 
M., & Nabizadeh, R. (2016). Assessment and selection of the best treatment 
alternative for infectious waste by modified Sustainability Assessment of 
Technologies methodology. Journal of Environmental Health Science and 

Engineering, 14(1), 1–14. https://doi.org/10.1186/s40201-016-0251-1 

Raila, E. M., & Anderson, D. O. (2017). Healthcare waste management during 
disasters and its effects on climate change: Lessons from 2010 earthquake and 
cholera tragedies in Haiti. Waste Management & Research, 35(3), 236–245. 
https://doi.org/10.1177/0734242X16682312  

Rajbongshi, S., Shah, Y. D., & Sajib, A. U. (2016). Pharmaceutical waste 
management: A review. European Journal of Biomedical and Pharmaceutical 

Sciences, 3(12), 192-206. 

Rogowska, J., Zimmermann, A., Muszyńska, A., Ratajczyk, W., & Wolska, L. (2019). 
Pharmaceutical Household Waste Practices: Preliminary findings from a case 
study in Poland. Environmental Management, 64(1), 97–106. 
https://doi.org/10.1007/s00267-019-01174-7 

Ross, T. J. (2010). Fuzzy logic with engineering applications. John Wiley & Sons. 

Saaty, R. W. (1987). The analytic hierarchy process—what it is and how it is used. 
Mathematical modelling, 9(3-5), 161-176. 

Saffie, N. A. M., & Rasmani, K. A. (2016, July). Fuzzy delphi method: Issues and 
challenges. In 2016 International Conference on Logistics, Informatics and 

Service Sciences (LISS) (pp. 1-7). IEEE. 

Sanborn, M., McGee, T., Macdonell, M., & Kosch, S. (2018). U.S. Patent No. 

10,046,993. Washington, DC: U.S. Patent and Trademark Office. 

Sarvar, R., Nematikutenaee, N., & Nematikutenaei, M. (2020). Development, Sift, and 
Prioritization of Urban Catalyst Projects Planning Indicators; Case Study: 
Analysis of Indicators in Tehran Metropolis. Armanshahr Architecture & Urban 

Development, 13(30), 291-310. 

Şengül, Ü., Eren, M., Shiraz, S. E., Gezder, V., & Şengül, A. B. (2015). Fuzzy TOPSIS 
method for ranking renewable energy supply systems in Turkey. Renewable 

energy, 75, 617-625. https://doi.org/10.1016/j.renene.2014.10.045 

Sensuse, D. I., Purwandari, B., & Rahayu, P. (2018). Defining e-Portofolio Factor for 
Competency Certification using Fuzzy Delphi Method. Turkish Online Journal 

of Educational Technology-TOJET, 17(2), 25-33. 

Shaaban, H., Alghamdi, H., Alhamed, N., Alziadi, A., & Mostafa, A. (2018). 



  

122 
 

Environmental contamination by pharmaceutical waste: assessing patterns of 
disposing unwanted medications and investigating the factors influencing 
personal disposal choices. Journal of Pharmacology and Pharmaceutical 

Research, 1(1), 1–7. Retrieved from www.thebiomedica.org 

Sharma, G. (2017). Pros and cons of different sampling techniques. International 

Journal of Applied Research, 3(7), 749–752.  

Shen, F., Ma, X., Li, Z., Xu, Z., & Cai, D. (2018). An extended intuitionistic fuzzy 
TOPSIS method based on a new distance measure with an application to credit 
risk evaluation. Information Sciences, 428, 105-119. 
https://doi.org/10.1016/j.ins.2017.10.045 

Si, S. L., You, X. Y., Liu, H. C., & Zhang, P. (2018). DEMATEL technique: A 
systematic review of the state-of-the-art literature on methodologies and 
applications. Mathematical Problems in Engineering, 2018. 

Sindi, S., & Roe, M. (2017). Strategic supply chain management: the development of 

a diagnostic model. London: Palgrave Macmillan. Springer. 

Sirisawat, P., & Kiatcharoenpol, T. (2018). Fuzzy AHP-TOPSIS approaches to 
prioritizing solutions for reverse logistics barriers. Computers and Industrial 

Engineering, 117, 303–318. https://doi.org/10.1016/j.cie.2018.01.015 

Sreedhar, A., Apte, M., & Mallya, R. (2018). Pharmaceutical waste management. 
International Journal of Pharmaceutical Sciences Review and Research, 52(1), 
82–86.  

Sreekanth, K., Vishal Gupta, N., Raghunandan, H. V., & Nitin Kashyap, U. (2014). A 
review on managing of pharmaceutical waste in industry. International Journal 

of PharmTech Research, 6(3), 899–907. 

Sun, C. C. (2010). A performance evaluation model by integrating fuzzy AHP and 
fuzzy TOPSIS methods. Expert Systems with Applications, 37(12), 7745–7754. 
https://doi.org/10.1016/j.eswa.2010.04.066 

Tarmudi, Z., Muhiddin, F. A., Rossdy, M., & Tamsin, N. W. D. (2016). Fuzzy delphi 
method for evaluating effective teaching based on students’ perspective. E-

Academic Journal UiTMT, 5, 1-10. 

Taherdoost, H. (2017). Decision-making using the Analytic Hierarchy Process (AHP); 
A step by step approach. International Journal of Economics and Management 

Systems, 2, 244–246 

Thakur, V., Mangla, S. K., & Tiwari, B. (2021). Managing healthcare waste for 
sustainable environmental development: A hybrid decision approach. Business 
Strategy and the Environment, 30(1), 357-373. 

Turoff, M., & Linstone, H. A. (2002). The Delphi method-techniques and applications. 

Uygun, Ö., & Dede, A. (2016). Performance evaluation of green supply chain 
management using integrated fuzzy multi-criteria decision-making techniques. 



  

123 
 

Computers & Industrial Engineering, 102, 502-511. 

United Nations Environment Programme. (2017). Waste management in ASEAN 
countries. 

Velasquez, M., & T. Hester, P. (2013). An analysis of multi-criteria decision-making 
methods. International Journal of Operations Research, 10(2), 56–66.  

Voudrias, E. A. (2016). Technology selection for infectious medical waste treatment 
using the analytic hierarchy process. Journal of the Air and Waste Management 

Association, 66(7), 663–672. https://doi.org/10.1080/10962247.2016.1162226 

Vyas, D. S., Dave, U. B., & Parekh, H. B. (2011). Plasma Pyrolysis : An innovative 
treatment to solid waste of plastic material. In National Conference on Recent 

Trends in Engineering & Techonolog, NCRTET, Gujarat. 

Wang, Y., Yeo, G. T., & Ng, A. K. Y. (2014). Choosing optimal bunkering ports for 
liner shipping companies: A hybrid Fuzzy-Delphi-TOPSIS approach. Transport 

Policy, 35, 358–365. https://doi.org/10.1016/j.tranpol.2014.04.009 

Wang, H., Yu, D., & Xu, Z. (2021). A novel process to determine consensus thresholds 
and its application in probabilistic linguistic group decision-making. Expert 

Systems with Applications, 168, 114315. 

Wicher, P., & Lenort, R. (2014). Comparison of AHP and ANP methods for resilience 
measurement in supply chains. METAL 2014 - 23rd International Conference on 

Metallurgy and Materials, Conference Proceedings. 

Wongiel, S., Kumie, A., & Ashenef, A. (2018). An assessment of pharmaceutical 
waste management by pharmaceutical industries and importers in and Around 
Addis Ababa, Ethiopia. Ethiopian Journal of Environmental Studies & 

Management, 11(4), 425–440. 

World Health Organization. (2017). Safe management of wastes from health-care 

activities: a summary (No. WHO/FWC/WSH/17.05). World Health 
Organization. 

Wu, T., Liu, X., & Liu, F. (2018). An interval type-2 fuzzy TOPSIS model for large 
scale group decision making problems with social network information. 
Information Sciences, 432, 392-410. https://doi.org/10.1016/j.ins.2017.12.006 

Xiao, F. (2018). A novel multi-criteria decision-making method for assessing health-
care waste treatment technologies based on D numbers. Engineering Applications 

of Artificial Intelligence, 71, 216–225. 
https://doi.org/10.1016/j.engappai.2018.03.002 

Xu, Q., Zhang, Y. B., Zhang, J., & Lv, X. G. (2015). Improved TOPSIS Model and its 
Application in the Evaluation of NCAA Basketball Coaches. Modern Applied 

Science, 9(2), 259–268. https://doi.org/10.5539/mas.v9n2p259 

Yadav, S. K., Joseph, D., & Jigeesh, N. (2018). A review on industrial applications of 
TOPSIS approach. International Journal of Services and Operations 



  

124 
 

Management, 30(1), 23-28. 

Yazdani, M., Tavana, M., Pamučar, D., & Chatterjee, P. (2020). A rough based multi-
criteria evaluation method for healthcare waste disposal location decisions. 
Computers & Industrial Engineering, 143, 106394. 

Yellepeddi, S., Liles, D. H., & Rajagopalan, S. (2006). An Analytical Network Process 
(ANP) approach for the development of a reverse supply chain performance index 
in consumer electronics industry. Faculty of the Graduate School of the 

University of Texas at Arlington in Partial Fulfillment of the Requirements for 

the Degree of Doctor of Philosophy, The University of Texas at Arlington. 

Zadeh, L. A. (1965). Fuzzy Sets * -. Information and Control, 8(3), 338–353. 

Zamparas, M., Kapsalis, V. C., Kyriakopoulos, G. L., Aravossis, K. G., Kanteraki, A. 
E., Vantarakis, A., & Kalavrouziotis, I. K. (2019). Medical waste management 
and environmental assessment in the Rio University Hospital, Western Greece. 
Sustainable Chemistry and Pharmacy, 13, 100163. 

Zardari, N. H., Ahmed, K., Shirazi, S. M., & Yusop, Z. B. (2015). Weighting methods 

and their effects on multi-criteria decision-making model outcomes in water 

resources management. Springer. 

Zyoud, S. H., Kaufmann, L. G., Shaheen, H., Samhan, S., & Fuchs-Hanusch, D. 
(2016). A framework for water loss management in developing countries under 
fuzzy environment: Integration of Fuzzy AHP with Fuzzy TOPSIS. Expert 

Systems with Applications, 61, 86-105. 
https://doi.org/10.1016/j.eswa.2016.05.016 

  



  

125 
 

Appendix A 

 

SCHOOL OF QUANTITATIVE SCIENCES 
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UNIVERSITI UTARA MALAYSIA 
 

THE INTEGRATION OF FUZZY DELPHI AND FUZZY TOPSIS FOR 
PHARMACEUTICAL WASTE TREATMENT SELECTION  

IN THE CONTEXT OF GREEN PRACTICE 

 
Dear Sir/Madam, 

I am Nur Hazera Binti Md Radzi, a master’s student (Matric Number: 826423) in 

Decision Science at School of Quantitative Sciences, Universiti Utara Malaysia. 

Currently, I am conducting research on ‘The Integration of Fuzzy Delphi and Fuzzy 

TOPSIS for Pharmaceutical Waste Treatment Selection in the Context of Green 

Practice’ under the supervision of Dr. Nurakmal Binti Ahmad Mustaffa and Assoc. 

Prof. Dr. Nerda Zura Binti Zaibidi. In order to complete this research, the following 

questionnaire have been designed to conduct a survey that can evaluate the green 

practice for pharmaceutical waste. Therefore, respondents are required to indicate the 

answer for all the questions in every section based on the scale provided. You are 

advised to answer the questions sincerely as your opinion is extremely important for 

my research. Please note that all information is strictly used for the purpose of research 

and will be kept as private and confidential. Your co-operation to fill up this survey is 

highly appreciated. If you have any query or interested to know about the result and 

findings of this research, please do not hesitate to contact me via my email: 

nur_hazera_md@ahsgs.uum.edu.my or my supervisors, nurakmal@uum.edu.my and 

nerda@uum.edu.my. 

Thank You. 

Best Regards, 

Nur Hazera Binti Md Radzi 

mailto:nur_hazera_md@ahsgs.uum.edu.my
mailto:nurakmal@uum.edu.my
mailto:nerda@uum.edu.my


  

126 
 

SECTION A: DEMOGRAPHIC INFORMATION 

Please indicate your answer by filling in the blank with the appropriate information or 

putting a check mark (√) on the space provided as below. 

1. Gender  

2. Organization  

3. Department  

4. Work 
Experience 
related to 
Waste 
Management 

Below 5  
years 

6 – 10 
 years 

11 – 15 
years 

16 – 20 
years 

20 years 
& above 

5. Level of 
Education Secondary Diploma Bachelor’s 

Degree 
Master’s 
Degree Ph.D 

 

 

SECTION B: CRITERIA OF TREATMENT SELECTION FOR 

PHARMACEUTICAL WASTE 

For this section, respondents are required to answer the following question regarding 

the criteria of pharmaceutical waste treatment. Please select and tick (√) for each of 

the criteria that is preferable and can be considered for pharmaceutical waste or 

indicate your answer if there are any other criteria which have been applied in 

Malaysia. 

Criteria 
Economic  
Environmental  
Social  
Technical  

 

Please write below if there are any additional criteria: 
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SECTION C: SUB-CRITERIA OF TREATMENT SELECTION FOR 

PHARMACEUTICAL WASTE 

For this section, respondents are required to answer the following question regarding 

the sub-criteria of pharmaceutical waste treatment. Please select and tick (√) for each 

of the sub-criteria that is preferable and can be considered for pharmaceutical waste or 

indicate your answer if there are any other sub-criteria which have been applied in 

Malaysia. 

Criteria Sub-Criteria 

Economic 

Capital cost  
Disposal cost  
Installation requirements  
Net cost per ton  
Operation and maintenance cost  

Environmental 

Emission of air and secondary pollution  
Efficacy of microbial inactivation  
Energy consumption per kg of waste  
Extent of use of renewable energy  
Mass and volume reduction  
Material consumption  
Noise  
Odour  
Release with health effects  
Resource recovery capabilities  
Risk level for communities, workers, and 
environment  

Space requirement  
Waste residuals  
Water consumption per kg of waste  

Social 

Acceptability of treatment residues by local 
landfill  

Acceptance cost  
Extent of necessary resettlement of people  
Land requirement  
Policy level  
Public acceptance  
Technology acceptance  
Technology acquisition  
Visible or aesthetic impact  

Technical 
Ability to treat wide range of infectious waste  
Adaptability to future situations  
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Availability of local experts/skilled operators  
Availability of spare parts and usage of local 
materials or manufactured technologies  

Compatibility with existing technology and 
natural conditions  

Level of automation/sophistication  
Occupational hazards  
Reliability/Ease of operation  
Security  
Treatment effectiveness/capability  
Track record on performance  

 

Please write below if there are any additional sub-criteria: 

 

 

 

SECTION D: TREATMENT SELECTION OF PHARMACEUTICAL WASTE  

For this section, respondents are required to answer the following question regarding 

the treatment of pharmaceutical waste. Please select and tick (√) for each of the 

treatment that is preferable and can be considered for pharmaceutical waste or indicate 

your answer if there is any other treatment which have been practiced in Malaysia. 

Alternative 
Incineration  
Chemical Disinfection  
Waste Immobilisation (Encapsulation)  
Waste Immobilisation (Inertisation)  
Plasma Pyrolysis  
Landfill  

 

Please write below if there are any additional alternatives: 
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SECTION A: DEMOGRAPHIC INFORMATION 

Please indicate your answer by filling in the blank with the appropriate information or 

putting a check mark (√) on the space provided as below. 

1. Gender  

2. Organization  

3. Department  

4. Work 
Experience 
related to 
Waste 
Management 

Below 5  
years 

6 – 10 
 years 

11 – 15 
years 

16 – 20 
years 

20 years 
& above 

5. Level of 
Education Secondary Diploma Bachelor’s 

Degree 
Master’s 
Degree Ph.D 

 

 

SECTION B: CRITERIA OF TREATMENT SELECTION FOR 

PHARMACEUTICAL WASTE 

For this section, respondents are required to answer the following question regarding 

the criteria of pharmaceutical waste treatment selection. Please identify tick (/) whether 

the criteria are either benefit or cost criteria. Benefit criteria: Desire the highest value 

in the criteria. Cost criteria: Desire the lowest value in the criteria. 

Criteria Benefit Cost 
Economic   
Environmental   
Social   
Technical   

 

Next, please select and tick (/) the score for each of the criterion that can be considered 

for pharmaceutical waste in the context of green practice which have been applied in 

Malaysia in the space provided by referring to the importance scale in the table below. 
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Scale Explanation 

1 Least important (LI) 

2 Least to moderately important (LMI) 

3 Moderately important (MI) 

4 Moderate to strongly important (MSI) 

5 Strongly important (SI) 

6 Strong to very strongly important (SVSI) 

7 Very strongly important (VSI) 

8 Very strong to extremely important (VSEI) 

9 Extremely important (EI) 

 

Criteria 1 2 3 4 5 6 7 8 9 
Economic          
Environmental          
Social          
Technical          

 

SECTION C: SUB-CRITERIA OF TREATMENT SELECTION FOR 

PHARMACEUTICAL WASTE 

For this section, respondents are required to answer the following question regarding 

the sub-criteria of pharmaceutical waste treatment selection. Please select and tick (/) 

the score for each of the sub-criterion that can be considered for pharmaceutical waste 

in the context of green practice which have been applied in Malaysia in the space 

provided by referring to the importance scale in the table above. 

Economic 
Sub-criteria 1 2 3 4 5 6 7 8 9 

Capital cost          
Disposal cost          
Installation requirement          
Net cost per ton          
Operation and 
maintenance cost          
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Environmental  
Sub-criteria 1 2 3 4 5 6 7 8 9 

Emission of air and 
secondary pollution 

         

Extent of use of 
renewable energy          

Mass and volume 
reduction          

Noise          
Odour          
Release with health 
effects          

Resource recovery 
capabilities          

Risk level for 
communities, workers, 
and environment 

        
 

Space requirement          
Waste residuals          

 

Social 
Sub-criteria 1 2 3 4 5 6 7 8 9 

Acceptability of 
treatment residues by 
community 

         

Land requirement          
Acceptance cost          
Extent of necessary 
resettlement of people          

Inclusion of society’s 
wellbeing in waste 
disposal related policies 

         

Public’s perception on 
aesthetic impact (i.e.: 
noise, odor, litter and 
greasy) 

         

 

Technical 
Sub-criteria 1 2 3 4 5 6 7 8 9 

Category of 
pharmaceutical waste 
(i.e.: Class I, Class II and 
Class III) 

         

Adaptability to future 
situations 

         

Availability of local 
experts/skilled operators          
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Availability of spare 
parts and usage of local 
materials or 
manufactured 
technologies 

         

Compatibility with 
existing technology and 
natural conditions 

        
 

Level of automation/ 
sophistication          

Occupational hazard          
Track record on 
performance          

Treatment 
effectiveness/capability          

Waste-to-Energy (WtE) 
requirement 

         

 

SECTION D: TREATMENT SELECTION OF PHARMACEUTICAL WASTE  

For this section, respondents are required to answer the following question regarding 

the treatment of pharmaceutical waste. Please select and tick (/) the score for each of 

the treatments that are relevant to be used for pharmaceutical waste in the context of 

green practice which have been applied in Malaysia in the space provided by referring 

to the relevance scale in the table below. 

 

Scale Explanation 

1 Not relevant at all (NR) 

2 Not very much relevant (NVMR) 

3 Not much relevant (NMR) 

4 Not very fairly relevant (NVFR) 

5 Fairly relevant (FR) 

6 Very fairly relevant (VFR) 

7 Much relevant (MR) 

8 Very much relevant (VR) 

9 Exceptionally relevant (ER) 



  

134 
 

 

 

 

Social 
Treatment 1 2 3 4 5 6 7 8 9 

Incineration          
Chemical disinfection          
Waste immobilisation 
(encapsulation)          

Secured landfill          
 

Technical 
Treatment 1 2 3 4 5 6 7 8 9 

Incineration          
Chemical disinfection          
Waste immobilisation 
(encapsulation)          

Secured landfill          
 

 

Economic 
Treatment 1 2 3 4 5 6 7 8 9 

Incineration          
Chemical disinfection          
Waste immobilisation 
(encapsulation)          

Secured landfill          

Environmental 
Treatment 1 2 3 4 5 6 7 8 9 

Incineration          
Chemical disinfection          
Waste immobilisation 
(encapsulation)          

Secured landfill          
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