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Abstract. Surabaya has become one of the cities in Indonesia with the
largest volume of solid waste. One way to reduce waste generation in
Surabaya City is through waste banks. The number of waste banks in
Surabaya is 374 units since 2012, with 0.55 ton/day or a 0.05% reduction
effort against total waste. The non-organic municipal waste potential that
can be utilized is 40% and the total waste reduction for non-organic waste
is 0.13%. The unit price of each type of solid waste is one of the main
factors in people’s willingness to sell their solid waste. The higher the
price of the waste, the more revenue they will earn. This research is
focused in South Surabaya where the greatest number of waste banks is
located. Based on typical mass balance analysis, the total waste that can be
reduced is 20% for compostable waste and 18.24% for non-compostable
waste. Meanwhile, based on research, the total waste is reduced by 10.16%
for compostable waste and only 0.343% for non-compostable waste. The
reduction potential occurring through the waste bank activities is 0.146%
of the total generation of 237,801.9 kg/day. The reduction percentage
needs to be increased so that the volume of municipal waste can be
suppressed. Therefore, there must be an effort to improve the performance
of waste banks or to increase the number of waste bank units.

1 Introduction

The population of Surabaya City is increasing from year to year, and directly proportional
to the amount of solid waste generated. In 2014 the population of Surabaya was recorded at
2,853,661 inhabitants, whereas in 2015 it was 2,943,528 inhabitants [1]. The increase of
population has caused the solid waste in the city to increase. Surabaya City has become one
of the cities in Indonesia with the largest volume of solid waste [2]. The volume of solid
waste production in the city in the second quarter of 2016 was 9,593.71 m?/day, and the
amount of solid waste handled in the landfill was 5,236.67 m3/day or 55% [3]. This is
classified as the main problem because the land area of the Benowo Landfill is not well
equipped to handle the entire solid waste of Surabaya City, so the potential for pollution is
large, and solid waste is the second factor contributing to greenhouse gas emissions in
Surabaya, and could, therefore, affect other aspects of environmental health. There are 374
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waste bank units in Surabaya recorded since 2012, although not all are active. Therefore,
there should be an improvement in their performance, or some alternative is needed.

As an alternative solution to overcome the problem of solid waste in urban areas, the
waste bank is a social engineering activity [4] that teaches people to sort out their solid
waste and to raise public awareness of solid waste treatment activity. Waste banks have
various activities supported by the 3R concept. A waste bank is a concept of the dry waste
collection that has been sorted and has management like a conventional bank, but the
savings are not financial but solid waste. The saved waste will be weighed and rewarded
with some money, then sold to industries that are already working with the waste banks or
the collectors. For example, plastic packaging could be purchased by local administrators to
be recycled into handicraft items. A waste bank is a place for sorting and collecting
recycled or reused solid waste which has some economic value [5]. Waste banks as an
environmental management program that were designed by the city Government to reduce
the volume of solid waste in Surabaya with community participation [6]. The local
government has reduced the solid waste from waste banks to 0.55 tons/day [3].

However, the problem faced today is that it is not yet known what amount of total solid
waste is produced, the amount of solid waste deposited in waste banks, the final flow of
solid waste that occurs in waste banks, and the actual reduction in each waste bank of
municipal solid waste. Therefore, the method used in this research is material flow analysis.
This method has the potential to predict the flow of waste composition [7]. This study
analyses the material flow at the city scale using a method for examining the given system
by calculating all its material inputs, the accumulation of material and its results within the
system boundary [8]. Using the material flow analysis method, we will identify the material
flow of solid waste generated from waste banks in Surabaya City; therefore the reduction of
municipal solid waste that occurs in these waste banks can be determined with certainty.

2 Methodology

2.1 Determination of research area

The total number of waste banks located in Surabaya City is 374 units spread across several
districts since 2012. However, after the preliminary survey, only 266 active waste bank
units in Surabaya are available. The determination of the research area is based on the
number of active waste bank units and the number of people in a region. In South Surabaya,
there is the largest number of waste banks, and this is the most populous area, so the
research area is selected as the southern part of Surabaya, with a total of 63 waste banks.
The locations of the waste banks in South Surabaya are presented in Fig. 1.

Determination of the proportional random sampling area is based on population density.
Based on calculations, the population density based on the classification is presented in
Table 1.

The stratified random sampling method is used to determine the sampling area of waste
generation by random selection, and the data obtained are as follows: 1) High density
population: Sawahan sub-district; 2) Medium density population: Wonokromo sub-district;
3) Low density population: Gayungan and Jambangan sub-district.

Based on SNI 19-3964-1994, the sampling in this study will use as many as 100
samples. Thus, the number of households taken per sub-district is determined by the
percentage ratio of the population density shown in Table 2.
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Fig. 1. Locations of waste banks in South Surabaya.

Table 1. Classification of population density of South Surabaya.

Sub-district Tota(lp]:;z):;;ltion Po?:;?gﬁg}ﬁ;‘;)s ity Information
Sawahan 211.748 30.555 High
Wonokromo 167.212 19.742 Medium
Karangpilang 74.093 8.027 Low
Dukuh Pakis 61.500 6.187 Low
Wiyung 70.151 5.630 Low
Wonocolo 82.387 12.169 Low
Gayungan 46.451 7.653 Low
Jambangan 50.789 12.122 Low
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Table 2. Total household respondent sampling.

Sub-district TOt?pE?E:}gﬁon Information % density Tt)(:al:eh;);;e;ll(e):ids
Sawahan 211.748 High 44% 44
Wonokromo 167.212 Medium 35% 35
Gayungan 46.451 Low 11% 11
Jambangan 50.789 Low 10% 10
Total 476.200 100% 100

2.2 Household solid waste generation and composition

The technical aspects consist of waste generation and waste composition in the waste bank.
The waste generation measured is the waste generation in the source. The generation
analysis was conducted for eight consecutive days [9], and the results were used to find out
the amount of household waste that is produced and collected for the waste bank so that the
amount of the reduction can be known.

Based on the results of the calculation of waste generation, the next analysis is of the
waste composition, conducted as much as three times over eight days. The waste
composition in waste banks includes plastic waste, paper waste, metal waste, glass waste,
cloth waste, rubber waste, and others. The paper waste comprises HVS paper, newspapers,
and cardboard. The metal waste includes cans, aluminum, iron, etc. The results of the
analysis of the waste generation and composition will be used to find out the potential
waste reduction at source through the waste banks. The number of waste bank customers
will be investigated directly through interviews with waste bank management.

2.3 Mass balance analysis

In this analysis, a field survey is required directly. The way to get the mass balance analysis
is by knowing the flow of waste generation along with the waste composition at the source,
in waste banks, taken by collectors, until the final flow is determined by the collector or by
the associated industries. Thus, the mass balance that occurs in the waste bank and the
amount of waste reduction can be identified.

3 Results and discussion

3.1 Household solid waste generation and composition

The amount of waste generated in several districts in South Surabaya varies. The number of
residents in the household and the current population of Surabaya City greatly affect the
waste generated. The existence of reduction activities affect the current waste generation,
such as the use of waste bank activities, composting, and other 3R activities.

South Surabaya is a medium density area where the waste generation value is
considered as 0.7-0.8 kg/person/day [10]. The result of the measurement of household
waste in South Surabaya is 0.31 kg/person/day from the total sample of 100 households.
The rate of waste generation obtained is thus different from the SNI, because the sampling
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in this study was done for every home in several districts in South Surabaya. The rate of
waste generation in this study is not very different from other research related to household
waste management in Surabaya. The rate of waste generation in Wonokromo sub-district is
0.224 kg/person/day [11] in Gubeng sub-district is 0.32 kg/person/day, while
Sukomanunggal sub-district has an average solid waste generation rate of 0.27
kg/person/day [12]. The change of generation is influenced not only by the population but
also by the pattern of life and population mobility.

The composition is examined by sorting the waste based on types, such as waste food,
plastic, paper, rubber, iron/metal, cloth, glass, hazardous items, and others. The result of the
measurement of household waste composition in South Surabaya is shown in Fig. 2.
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Fig. 2. Total waste composition in South Surabaya.

Based on the diagram, it is seen that food waste accounts for the largest percentage of
54.37% and the dry waste that dominates the waste composition in South Surabaya is paper
waste, with a percentage of 21.96%. Other solid waste contained in household waste
includes diapers.

3.2 Solid waste generation in waste banks

The surveyed waste banks weighed the solid waste collected from the customers. Weighing
is generally done once a month, and then the collector comes to pick up the solid waste to
resell it to the relevant industries. The solid waste classification in every waste bank is
different, depending on the collector of the waste bank. The data on the average annual
waste weighed at the surveyed waste banks are presented in Table 3.

It is found that the biggest generation is at the Hidup Sejahtera waste bank. This is
because the customers of the waste bank in Hidup Sejahtera are very enthusiastic about
collecting waste. The average data on the monthly waste generation and total customers of
each of the studied waste banks are presented in Table 4.

Based on the number of customers and the average generation, it is found that the waste
banks at GKS and Hidup Sejahtera are examples of active waste banks, while Mekar Asri
and Sejahtera are examples of inactive waste banks. The numbers of customers at Mekar
Asri and GKS do not differ much, i.e., 44 people and 45 people, but the average of the
resulting generation is very different. Based on field observations, the residents of Mekar
Asri and Sejahtera are not saving very actively.
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Table 3. Data on average annual waste weight at surveyed waste banks in South Surabaya.

Waste generation (kg/month)
Name of waste bank

2016 2017 2018
GKS - 305.62 326.61
Guyub Sayekti 177.08 165.29 181.08
Melati - 132.80 115.13
Mekar Asri - 75.69 41.25
Mulyorejo 284.606 226.16 197.37
Hidup Sejahtera 524.90 412.02 355.88
Mekar Jaya - 123.49 56.83
Lidah Buaya - 134.17 106.92

Sejahtera 78.87 53.77 -

Table 4. Summary of average waste generation in waste banks.

Name of waste bank Ave. waste generation (kg/month) Total customers
GKS 326.61 45
Melati 115.13 15
Mekar Asri 41.25 44
Guyub Sayekti 181.08 50
Mulyorejo 197.37 50
Hidup Sejahtera 355.88 43
Lidah Buaya 106.92 27
Sejahtera - 60
Mekar Jaya 56.83 22

3.3 Mass balance analysis

The mass balance of waste was obtained from the survey of waste measurements conducted
with the respondents and the waste banks. Based on nine surveyed waste banks, the data
were generalized as the total for waste banks in South Surabaya. According to the
generalized data, the potential waste reduction in South Surabaya through waste banks is
only 349 kg/day. Compared with the total waste generation, the waste banks could reduce
by 0.146% of the total waste generation in South Surabaya. Based on the non- compostable
waste (dry waste) results, waste banks could reduce this dry waste by 0.343%. Also, almost



MATEC Web of Conferences 276, 06021 (2019) https://doi.org/10.1051/matecconf/201927606021

ICAnCEE 2018

all the customers of the waste bank contribute to the composting activities, giving a
reduction in this source of waste that is equal to 10.16%.

A study conducted in one of the sub-districts in South Surabaya, Wonokromo,
concluded that the largest reduction was carried out in the transfer depo by the scavengers
at 972.57 kg/day or 16% of the total dry waste generation of 6,133.68 kg/day. The
reduction from the waste bank in Wonokromo sub-district is only 49.49 kg/day [11]. This
shows an increase in waste reduction through the waste bank activities when compared to
previous research, which was just in one sub-district in South Surabaya. Fig. 3 shows the
mass balance of total waste in the area of South Surabaya.

Total of Solid Waste Generation

237801.9 kg/day
57.25% | 42.75%

I |

Compostable Solid Waste

Non-compostable Solid Waste

136141.6 kg/day 101660.3 kg/day
10.16% 13.5% 76.4% 13.4% 86.2% 0.343%
Compost Empty Land Temporary Station Empty Land Temporary Station Waste Bank
13833.87 kg/day | | 18331.22 kg/day | | 103976.5 kg/day 13643.8 kg/day 87667.5 kg/day 349 kg/day
Collector
349 kg/day
Industry
349 kg/day
Fig. 3. Mass balance of existing total waste in South Surabaya.
Table 5. Percentage of recovery factor in South Surabaya.
Type of Waste % RF existing % RF* Difference (%)
Compostable 10.16 80 69.84
Plastic 0.05 50 49.9
Paper 0.07 40 39.9
Rubber 0.18
Metals 0.11 80 79.89
Cloth 0.01
Glass 0.42 70 69.6
Others 0.01

Note:*: % typical recovery factor [13, 14]
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Referring to the ideal waste composition and recovery factor [13, 14], the potential
reduction in South Surabaya region could be improved. Table 5 shows the type of waste
and the percentage of the current recovery factor and the ideal recovery factor to determine
how much the reduction can be increased by using the waste banks in South Surabaya area.

According to Table 5, the ideal mass balance is obtained as in Fig. 4.

Total of Solid Waste Generation

237801.9 kg/day

57.25% | 42.75%
Compostable Solid Waste Non-compostable Solid Waste
136141.6 kg/day 101660.3 kg/day
80% 20% 81.8% 18.24%
Compost Temporary Station Temporary Station Waste Bank
108913.3 kg/day 27228.3 kg/day 83116.8 kg/day 18543.5 kg/day

Collector

18543.5 kg/day

Industry
18543.5 kg/day

Fig. 4. Theoretical mass balance.

Based on the theoretical mass balance, the potential solid waste that should be managed
by the waste bank is 18.2% of the total dry waste. Also, waste bank customers could
contribute more to increase the amount of waste that can be composted. The potential
reduction needs to be supported by increasing the number of customers and the
performance of the waste banks, as well as reduction efforts, mainly to reduce the amount
of waste to be composted from the source of waste. There are various solutions to improve
the performance of waste banks, one of which involves a need for land to enable the
customers to store waste for one month or following the weighing schedule. This would
increase public interest in making use of waste banks.

4 Conclusions

The total solid waste generation in South Surabaya is 237801.9 kg/day, which consists of
57.25% compostable waste and 42.75% non-compostable waste (dry waste). The total
number of active waste banks in South Surabaya is 63 units, with a total of as many as
11,240 customers. Waste banks in South Surabaya can reduce by 0.146% of the total waste
generation or 0.343% of non-compostable waste (dry waste). The potential waste reduction
that should be managed by waste banks is 18.2% of the total non-compostable waste (dry
waste).
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