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Abstract
The Municipality of Surabaya, Indonesia, launched the Super Depo Sutorejo Surabaya (SDSS) in 2013, to sort the households’ waste before dumped the unusable assorted waste to the landfills. This study aims to assess the significance of the SDSS project, in sorting the general waste into three fractions; biodegradable, non-biodegradable (recyclable), and assorted waste. The data include 60 months of general waste processed at this warehouse. The data were statistically analyzed using SPSS version 21 software. Kolmogorov-Smirnov test reveals that biodegradable waste falls into a normal distribution, p-value (0.191) > 0.05; therefore, paired sample t-test applies to count the significance level. Both non-biodegradable (p-value = 0.01) and assorted waste (p-value = 0.00) are not normally distributed. Non-Parametric Wilcoxon Signed Ranks tests the median significance for both non-biodegradable and disposed waste. The statistical analysis shows that the SDSS project significantly sorts the waste processed where the values of p (0.000) < 0.05 for each type of waste fraction. This study accepts the research hypothesis (H1) and concludes that the SDSS project significantly segregates general waste into biodegradable, non-biodegradable, and assorted waste (refused waste). The study recommends the Government of Surabaya to maintain and expand this project as waste management throughout the city.
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Abstrak
Pemerintah Kota Surabaya telah mendirikan Super Depo Sutorejo Surabaya (SDSS) di tahun 2013, untuk memilah sampah rumah tangga sebelum membuang sampah yang tidak bias diolah ke Tempat Pembuangan Akhir sampah. Penelitian ini bertujuan untuk mengetahui seberapa signifikan SDSS memilah sampah menjadi sampah organic, non-organik, dan campuran sampah yang akan dibuang ke TPA. Penelitian ini menggunakan data sampah yang diproses di SDSS dari tahun 2014-2018 (60 bulan). Data dianalisa dengan perangkat lunak SPSS 21. Uji normalitas data Kolmogorov-Smirnov menyimpulkan bahwa sampah organik memiliki distribusi normal, dimana p-value (0.191) > 0.05, sehingga dengan demikian uji t berpasangan digunakan untuk mengukur tingkat signifikansi. Selanjutnya tes normalitas juga menemukan bahwa p-value (0.000) < 0.05 sampah non organik dan sampah campuran keduanya tidak berdistribusi normal, sehingga uji statistik Non Parametric Wilcoxon Signed Ranks digunakan mengukur median signifikansi. Baik t-test maupun Wilcoxon Signed Ranks menunjukan bahwa proyek SDSS dapat memilah sampah organik, sampah non-organik dan sampah campuran secara signifikan, dimana nilai p untuk masing-masing jenis sampah adalah p (0.000) < 0.05. Penelitian ini menerima hipotesa peneliti (H1) dan menyimpulkan bahwa proyek SDSS secara signifikan dapat memilah sampah keluarga menjadi sampah organik, sampah non-organik, dan sampah campuran. Penelitian ini merekomendasikan pemerintah Kota Surabaya mempertahankan serta mengembangkan proyek sejenis di seluruh wilayah Surabaya.

Kata Kunci: Sampah, organic, non-organik, pemilahan, manajemen

Introduction
World cities, both developed and developing countries, are confronted with devastating waste generation.1,2 The Department of Ecology State of Washington reported that the city waste reached 9.7 million tons a year.3 Melbourne city produced 10 million tons of garbage in 2016.(4)  Kuala Lumpur, Malaysia, produced 3,000 tons of waste per day.5 The Capital of Indonesia, Jakarta, made up 6,500 tons of garbage each day6, and Surabaya generated 1,450 - 2,000 tons per day.7,8 
Waste handling requires adequate resources, advanced technology, and innovation.  However, funding shortages, limited coverage of waste collection, lack of knowledge on handling waste, coupled with irresponsible behaviors, and practices of the residents are challenges on city waste handling.9 The World Bank claims that waste management is expensive and may take up 50% of the cities’ budget.10
The Government of Surabaya (GoS) has made substantial achievements in waste management and becomes the city with the best practices in waste management in Indonesia.11–13 Various environment-friendly programs have been implemented, such as community-based composting, the waste bank (residents deposit their recyclable waste for money). Spreading net between river banks to catch trashes and riverbank cleaning competition for the residents living along the river bank to maintain the rivers cleanliness. Currently, the GoS introduces the “bus waste” in which the passengers use plastic mineral water bottles as their tickets.  The city also introduces the Black Soldier Flies (BSF) using the black flies larvae to edible the biodegradable waste.14–16 
Regardless of the tireless efforts of the GoS in caring for the waste of the city, the fact is that waste generation of the residents still alarming. The waste handling practices above, however, have not entirely resolved the waste matters. The waste production in 2015 was 1,450 – 2,000 tons per day,7,8 the amount of the waste generated in 2018 was 1,600 tons in a day.17 Waste becomes a serious matter when adequate waste management is unavailable. It is deteriorating when households as the main generator of waste fail to treat (i.e., sorting) the waste properly at home.  Studies in different areas in Indonesia revealed that community participation and poor awareness of the residents to segregate their garbage at the household level are still low.18–20 
Responding to this issue, the GoS introduces advanced waste management, known as Super Depo Sutorejo Surabaya (SDSS) project. The project is a collaboration between the city of Surabaya and its sister city, Kitakyushu, Japan. The Nishihara Cooperation in Japan provides supervision, managerial, and technical supports for SDSS management. The project aims to separate the general waste into three fractions; the recyclable (non-biodegradable) waste, organic waste (biodegradable), and the miscellaneous waste. The management uses the biodegradable waste as raw materials for composting, sells the non-biodegradable waste to recycling companies, and disposes the miscellaneous or assorted waste to landfills. 
The GoS claims that the SDSS project is one of the city’s best practices on waste management.21,22 The SDSS project has been operating for nearly seven years since 2013. Our knowledge of how significant is the project in sorting the waste before dumps unusable fractions into landfills is lacking. This study aims to assess the significance of the SDSS project in sorting general waste into biodegradable, non-biodegradable, and unusable-assorted waste. The study hypothesizes (H1) that the SDSS project significantly sorts the general waste into biodegradable, non-biodegradable, and assorted waste. This study is essential to assess how significant is the SDSS project as sustainable waste management for the city of Surabaya. 

Methods
The study took place in the SDSS warehouse, located at Dukuh Village, Mulyorejo sub-district Surabaya, East Java Province, Indonesia. It occupies nearly 1,483 m2 alongside the Kali Waron Street surrounded by amid crowded housing. A small river, called Kali Waron, flows just a few meters in the front of the depo. SDSS site is used to be a temporary waste dumpsite to contain the waste of households before the dump trucks collected and disposed of the rubbish into the landfills. The project sorts the general waste of two villages (Dukuh and Kalisari) comprising a total of 8,564 households. The waste collectors (known as Tukang Sampah in the Indonesian term) collect the general waste from door to door and drop the garbage to the SDSS warehouse. The residents pay them for their services. 
The study uses a quantitative approach that is the systematic way in data collection and uses computational, mathematics, or statistical tools for data analysis. Data collection begins with documenting the weight of general waste processed from January 2014 to December 2018. It is followed by the calculation of the weight of the three end-products of the waste processed; biodegradable, non-biodegradable (recyclable), and assorted waste.  

Figure 1. Data Normality Test
	Sorted Waste Fractions 
	Kolmogorov-Smirnova

	
	Statistic
	df
	Sig.

	Biodegradable Waste
	,102
	60
	,191

	Non-Biodegradable Waste
	,131
	60
	,012

	Disposed Waste
	,271
	60
	,000



Prior to the data analysis, normality of the data distribution is tested using Kolmogorov-Smirnov test (Figure 1). Three categories of waste fractions available for data normality analysis. The Kolmogorov-Smirnov test concludes that the biodegradable waste falls into a normal distribution, p-value (0.191) > 0.05, therefore, the t-test for paired samples applies for comparing the means of the biodegradable waste and general waste.  Meanwhile, the test also identifies the distribution of both non-biodegradable (p=0.01) < 0.05 and remaining waste debris (p=0.00)< 0.05 is not normal. Therefore, the Wilcoxon Signed Ranks tests the medians of the non-biodegradable and miscellaneous waste. Since the study free from involving humans and animals, it does not require ethical clearance. 


Results 
The SDSS is a warehouse containing two waste conveyor belts, waste-washing machine, grinding or crusher machine, and packing machine.  A small office is available for three staff of Dinas Kebersihan dan Pertamanan Kota Surabaya (DKPK), the department responsible for the waste management and city park maintenance. The management attaches a digital scale at the entrance floor to measure the weight of waste before and after the sorting process. The records become the data set for this study.
SDSS management employs 25 people to sort the waste. They were previously self-employed waste pickers at this temporary dumpsite, and some are itinerant waste pickers. They are bound in a one-year formal contract, and it is extendable. The management pays US$66.32 a month to the waste sorters. They also earn a top-up incentive, approximately US$22.11-29.48 per month, from the money earned from the selling of the non-biodegradable waste. The workers take home payment about US$88-99.8 a month. 
The working process begins when some of the Tukang Sampah rummages from door to door, collect and transport the waste to the SDSS warehouse. The carts pass the weighing scale to record the amount of the trash before the waste collectors load the rubbish onto the conveyor. The conveyor belt moves forward, and the waste sorters (who are standing along with the conveyor belts) start separating the non-biodegradable (recyclable waste) and biodegradable waste (i.e., food leftovers, leaves, etc. from general waste) and put them into some containers. Some workers load the sorted non-biodegradable waste into the washing machine and leave for a couple of days to dry up. The workers pack and stack the non-biodegradable waste waiting for the recycling company for collection. 
Similarly, some waste sorters work on biodegradable waste. They contain the biodegradable waste into several baskets, loaded into a grinding machine to produce composting raw materials. Some workers scale the waste fraction and waiting for the trucks to collect and transport them to the composting warehouse about 5 km away. Meanwhile, the workers receive the unusable miscellaneous waste at the end-point of conveyor, load into carts, scale them at the entrance, stack them in the front yard, and trucks available for transporting the debris to the landfills. 
The SDSS capacity is 500kg/hour and treats approximately nearly 10 tons of garbage in one day. But the record reveals that the SDSS project operates beyond its capacity. Figure 2 compiles the accumulation of waste processed from 2014 until 2018. Respectively, the graph implies that the waste generation of households is increasing. A slight decrease occurred in 2015, but the trash handled by SDSS was growing by 2016 up to 2018. 











Figure 2. The Trend of Waste Processed at SDSS from 2014 to 2018 (kgs)


Figure 3 describes the total general waste processed in the SDSS project and the percentages of sorting outputs. Biodegradable waste is the most fraction of waste (47.8%), followed by miscellaneous waste (43.3%) and non-biodegradable waste (8.9%).  Regarding the reduction of waste disposed to landfill, it reveals that the SDSS project reduces the waste sent to the landfill for final disposal for 56.7%. The non-biodegradable waste only reaches 8.9% for the recycling process.


Figure 3. The Weight Waste Loaded and Processed at SDSS Warehouse (2014-2018) (kgs)
	Year
	Waste Processed
	Biodegradable
	%
	Non-Biodegradable
	%
	Assorted Waste
	%

	2014
	3,161,853
	1,355,028
	42.9
	238,930
	7.6
	1,567,814
	49.6

	2015
	3,037,107
	1,638,707
	53.9
	238,601
	7.9
	1,159,908
	38.2

	2016
	3,842,899
	2,237,927
	58.2
	362,158
	9.4
	1,248,812
	32.5

	2017
	5,684,276
	2,574,094
	45.3
	625,974
	11
	2,484,204
	43.7

	2018
	7,270,145
	2,797,198
	38.5
	68,965
	8.9
	3,823,982
	52.6

	Average
	4,599,256
	2,120,519
	47.8
	422,926
	8.9
	2,056,944
	43.3




Figure 4 describes the results of the statistical analysis. The paired t-test of processed waste and biodegradable waste produces the p-value (0.000) < 0.05, meaning that the SDSS project significantly segregates biodegradable waste from the general waste. 


Figure 4. Result of t-test Paired Sample Waste Processed and Biodegradable Waste
	
	Paired Difference
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error Means
	95% Confidence Interval
	
	
	

	
	
	
	Lower
	Upper
	
	
	

	Waste Processed – Biodegradable Waste
	206555,433
	108511,205
	178524,017
	234586,850
	14,745
	59
	,000




Similarly, the Wilcoxon signed-rank test implies that medians of both non-biodegradable and miscellaneous waste are considerably lower after processed at SDSS warehouse, p values (0.00) < 0.05. Both paired t-test and Wilcoxon signed-rank tests confirm that the SDSS project significantly separates general waste into non-biodegradable, and unusable-assorted waste. 

Figure 5. Results of Wilcoxon Signed Ranks Test
	
	N
	Z
	Asymp. Sig. (2-tailed)

	Non-biodegradable Waste – Waste Processed
	60
	-6,736b
	.000

	Disposed Waste – Waste Processed
	60
	-6,736b
	.000




Discussion
Sorting waste at the household level is a good practice of waste management. It requires a strong and consistent commitment of the residents to participate in treating their trash before disposal to the landfills. However, studies around the world show that community participation in waste segregation is still poor regardless of a continuous campaign.23–26 Similarly, this study reveals that waste sorting among the residents around the SDSS working area is absent, as indicated by the increasing amount of the waste sent to the SDSS project for sorting.  
The GoS competes with uncontrollable waste generation, low participation of the community in waste separation, the overload of the landfills, and the high cost of waste management. The SDSS project could be an answer to tackling the waste issue of the city. The SDSS project fulfills the standard of waste management stated in the Law Number 18, 2008, that requires the collection, sorting, recycling, before final disposal of waste Reuse and Recycle (3Rs) principles of waste management. The 3Rs principles are feasible waste management practiced throughout the world.9,27,28 The SDSS project applies the 3Rs mechanism in handling the waste of the households of the two villages. 
The sorting process substantially reduces the general waste up to 57.7%, comprises to 47.76% for biodegradable waste, and 8.96% for non-biodegradable waste. It reflects that only 42.5% of the household’s waste ends in landfills. This waste handling is a good practice to extend the operation time of the final dumpsites. The city authority of Surabaya saves millions of dollars if this waste treatment operates throughout the city. 
The t-test of biodegradable waste concludes that the p-values (0.00) < 0.05 reflects that the SDSS is succeed in separating biodegradable waste form the general waste. The Wilcoxon Signed Rank test also resumes that the p-values of both non-biodegradable and assorted waste is lower than 0.05 reflecting that SDSS significantly segregates non-biodegradable and assorted waste from general waste. It implies that SDSS is a reasonable waste management of the city of Surabaya. 
Waste sorting at the point where it produced (i.e. households, community, construction, public facilities, industry, etc.) is widely practiced around the world.29–31 For example, waste separation was introduced in Bali, known as the Gianyar Waste Recovery Project. It sorts the waste 500,000 households waste. The sorting process produces biodegradable (85%), non-biodegradable (5%), and refused waste fraction.29 A study in India showed that waste segregation before final disposal is a workable technology for waste management as it produced 50% of biodegradable for composting and 18-20% reusable or recyclable waste.30  Norbu and colleagues found that pretreatment of waste for composting reduce near 40% of the solid waste thrown in landfills.31 
Waste is a disaster for health and environment, but it is an economic opportunity for some people (i.e., waste pickers) and recycle business. Besides reducing the waste sent to and prolong the operation of the landfills, the SDSS project provides additional benefits for the city of Surabaya. The project separates nearly 9% of non-biodegradable waste and earns money from the selling of these recyclable materials. The recyclable waste generates benefits for both the worker and the SDSS management. Waste sorters potentially earn more incentive if the percentage of resellable waste increases. 
Biodegradable waste becomes an investment of the GoS. On average, the SDSS project generates biodegradable waste 2,121 tones/year for raw material of compost. According to the experience of Gianyar Project, one ton of biodegradable waste produces 300 kgs compost.29 The SDSS project produces 636.3 tones (636,300 kgs) compost in a year. The market value of a bag of 40 kgs compost in Surabaya is IDR 30.000 (USD2.96).32 The calculation of the economic benefit of the compost is IDR477.225.00 (USD47,086) a year. 
If the GoS treats the compost commercially, it is sufficient to pay the salary of the 25 waste sorters above the city minimum regional salary.  The GoS commits to provide the wages of the waste sorters from its annual budget and uses the compost to fertilize for the city parks, landscapes, and gardens. The compost is available free for the residents. The Head of DKPK Surabaya claimed that the use of compost saves approximately USD148,093 per year for fertilizer.33 


Conclusion 
This study concludes that poor awareness of the residents to sort waste at source reflects the consistent increase of waste generation at the household level. The SDSS projects succeed in separating biodegradable and non-biodegradable waste from general waste. It implicates the reduction of waste for final disposal at landfills. The SDSS is also economically beneficial for the waste sorter as well as the GoS Municipal. Overall, the SDSS project is a sustainable and reliable waste management for the city of Surabaya.  The study, therefore, recommends that community participation in waste management of the city needing improvement. The GoS needs to expand this type of waste management throughout the city and provide a more reliable payment for the waste sorters.
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