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Abstract: Fruit Juice products from Small Medium Enterprises
(SMEs) Industry should be distributed immediately due to the life
time the product less than 30 days. The purposes of this research
in to minimize environmental burden during delivery of fruit juice
product produced by SMEs to their customer. The customers of
SMEs Fruit Juice Industry mainly are Hotel, Restaurant, and
customer pack. One of Fruit Juice SMEs Industry located in
Jabotabek area, provide service for at least 143 Hotel with 25671
rooms, distributed in 9 Zone in Jakarta, Banten and West Java.
Total demand of fresh fruit juice of Hotels for all zones is 43,250
kg weekly. Optimization of fruit juice products distribution
calculated by using truck with 1.5 ton capacity. Numbers of truck
that recommend operating are 32 units with total route distance
ideally only 3,112.20 Km/week. But normally in consideration to
heavy traffics, the route distance are 4,081.45 Km/week. The
optimal diesel fuels consumption ideally are 414,96 liter/week and
normally including traffic jam will consume diesel fuels are
544,19 liter/week. The Environmental Burden of fruit juice
distribution process, represent by CO, emission from fuels
combustion ideally are 1.22-1.32 Ton/week. However, the
normally condition with consideration to traffic jam, CO,
emission from fuels combustion are 1.60-1.73 Ton/week.

Index Terms: Product Distribution Pathway, Environmental
Burden, Fruit Juice SMEs Industry.

I. INTRODUCTION

Indonesia is a country that produces various types of fruit
and potential to be developed into processed fruit products
such as fruits in cans, fruit juices, candies, jams and other
processed fruit products. Indonesian fruit exports to the world
market according to FAO data in 2009 rose by 11% [6].
Meanwhile, the Central Bureau of Statistics recorded an
increase in export of processed fruit products 135.63% in the
Year 2017 compared to the year 2013. Fruit juice production
also increased export value in 2017 by 134.68% compared to
the year 2013 [1].

In the fruit processing industry roadmap compiled by the
Ministry of Industry in 2009, the fruit processing industry
cluster was developed in West Java, East Java, South
Sulawesi and North Sumatra. The long-term strategy of
2015-2025 from the Ministry of Industry is the development
of fruit industry which is integrated with raw materials. From
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the number of productive trees of the period 2012-2016, most
are pineapple, orange, banana and mango.

The Ministry of Industry of the Republic of Indonesia
(2009) identified several problems in the fruit processing
industry are : a) raw materials (supply sustainability, post
harvest technology, and quality consistency); b) production
(low innovation, sanitation and food security, research and
development, and industrial environmental management); c)
marketing; and d) infrastructure security, research and
development, and industrial environmental management.

The marketing issues in industry 4.0 today are no longer
relevant to channels or transporters as business models have
evolved more efficiently. Environmental issues are now
being considered in transportation systems, especially
transportation of beverage products. The problem of
transportation of product delivery and collection of
packaging that is returned to the factory becomes unity with
environmental aspect for the product itself. In addition to
improvements to the means of transport for the refinement of
fuel combustion, the use of fuel is more environmentally
friendly, and then the study of system optimization can be a
separate study. The optimization of transportation routes to
obtain the shortest travel time in the circulation of products,
assessed as one effort to reduce the burden of the
environment.

The environmental burden optimization study of the
distribution line of small and medium-sized fruit juice
products is done in an effort to provide the most
recommended alternative to reduce environmental load when
product distribution is done. In this case, the transport of the
product is carried out in a very limited area adapted to the
durability of the product. So that the mode of transportation
that is used is a four-wheeled vehicle transport air cooled.
The most dominant environmental indicator considered is
CO, emissions from transport.

Il. FRUITS PROCESSING INDUSTRY

Puree products are produced directly from fresh fruit and
are primarily processed fruit products which are widely
traded among countries into raw materials for syrup
production and fruit juice drinks.

Indonesia is a large importer of fruit puree since the
domestic production is decrease [6]. Satuhu (2004) explains
that international trade distinguishes fruit juice products
based on the total content of dissolved solids and the content
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of the pure juice [14]. This classification is known as fruit
syrup, crush, cordial, unsweetened juice, ready served fruit
beverage, nectar, squash and fruit juice concentrate.

The fruit juice industry in Indonesia is generally
concentrated in big cities with limited marketing reach. Fruit
juice drinks are circulated widely to the inter-island is only
large industrial products that have been using aseptic
packaging, either in the box (tetra pack) or aseptic bottles.
SMEs industries generally still only rely on pasteurization so
that the durability of the product is less than 30 days.

The SMEs fruit juice industries have a variety of market
segments in limited geographical locations for consumption
in the not-too-distant future. In large cities in the Greater
Jakarta area or “Jabotabek™ (Jakarta, Bogor, Tangerang and
Bekasi), a number of hotels and restaurants are important
markets for the SMEs fruit juice industry. The hotel as the
juice industry market is divided into several zones as Fig. 1.
Sales of fruit juices to hotels and restaurants are packed in
bulk systems using jerry cans so it is generally reused with
refill system. Direct sales are causing various transportation
problems.

[ JakartaZone— 18870 rooms
| TangerangZone— 1431 rooms
[ Bekasi Zone— 651 rooms

[ ] DepokZone—224 rooms

B Bogor Zone—1450 rooms

[ Serang Zone—417 rooms
[ Puncak Zone—2876 rooms
[ Lido Zone—104 rcoms

I Anyer Zone— 1249 rooms

Sukabumi

Fig. 1. Zoning and number of hotel rooms that are customers of fruit juice
industry in West Java-Jakarta-Banten region

Determination of the route to be taken should correspond
to the best distance between one hotel with another hotel. In
addition to the route, the capacity of the vehicle to the weight
of goods to be carried should also be considered. Two things
become very important, because it can affect the quality of
the process of distributing goods. The better the quality of the
goods distribution process, the greater the benefits to be
gained. On the contrary, the poor quality of goods
distribution process will reduce the profitability of product
sales [2].

In the area of supply chain management, several issues
have been addressed under the terms ‘green supply chain’,
'supply chain sustainability’ [10], and integrated chain
management [15]. Environmental aspects refer to examples
of CO, emissions reductions, eco friendly  product
development, and reduced packaging [17].

Environmentally friendly supply chain management
according to Hermawan (2007) is a supply-supply process
supply from several parties involved in the circulation and
utilization of a product. The principle of environmentally
friendly supply chain are: 1) receiving "green" products, ie
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products produced with environmentally friendly rules; 2)
ensuring supply lines that have the least environmental
impacts; 3) assessment of suppliers' subcontractors; and 4)
the supplier sub-contracting Program.

Transportation is an activity of moving goods from one
place to another. Transportation is also one of the most
important factors in the movement of supply chain, where
the activities of transportation can have an impact in creating
the timeliness and cost. Transportation is the movement of a
product from one location to another that represents the
beginning of a supply chain. [2].

1. METHODS

Research on SMEs fruit juice industry in Jabotabek area,
has a widespread market consisting of Hotel, Restaurant,
and Consumer Pack. In this case the research is focused
only on Hotel consumers. Stages and methods of research
conducted are presented in Fig. 2.
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Fig. 2. Method & Steps of Research

The estimation of the Hotel demand is calculated using the
forecast of occupancy rate (Oc) and length of stay (St) of
each region, using the Tourism Office data of each region
that has been zoned. The formula is:
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TEFM =2(> Oc,R;St;)

=

Guest = 2() Oc,R;) + TEFM

=

Where is TEFM (Tourism Empirical ForecastingModel), Oc
(Occupation rates in percentage), R (Number of available
rooms), St (length of stay per week), and i is i-hotel. Juice
consumption is calculated 200 ml per guest with a tolerance
of 10%.

Distribution of juice products from factories completed by
transportation method with formulation:

a;=the number of stuffing sources, where i = 2 from the direct
factory and the transit warehouse of Jakarta

b= number of zoning stuffing, where j =9

dij= is the distance between the source to the distribution
zone.

Thenminimized:

9 2
Z=> x;d;

=1 i=1
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calculated at 42.337 liters, using O'Neil and Nicklas (2008)
research the average specific gravity is 1,021, juice weight
equivalent to 43.250 kg[11]. Weight transformation is
required for loading of transport during transportation.

Factory production is obtained from the research of
Hermawan and Sawarni (2014) where Pasteurized Juice is
227,947 kg per month or 56,987 per week [6]. The products
are to fulfilling the Hotel Restaurant market and Consumer
Pack. The Hotel only gets allocation 43,310 kg per week.

Considering the hotels market is concentrated in Jakarta,
the company provides transit warehouse in Jakarta with the
capacity to accommodate 30% of hotel needs. Thus the
supply can be done through two delivery sources.

B. Traveling Route Analysis

Delivery is done using small refrigerated truck with
capacity of 1.5 Ton. The company's fruit juice products use
only 5-liter and 1 liter jerry can packs, not yet using Aseptic
Packaging so that the product's durability is generally less
than two weeks, so the distribution process is decided on a
weekly basis with the re-use packaging system. Average
travel and vehicle mileage are presented in Table 2.

Table 2. Average distance, time, and speed of delivery of fruit juice products
to every hotel zoning from small and medium industry case customers

Under the condition

9 2
D> ox; <aand > x; >b,x; >0
=1 =

The simply ooptimizationsare solved with the Vogel

algorithm.

Factory Warehouse Jakarta Transkit Warehouse
No Zone Normal | Traffic Jam [Eq. Distance| Normal | Traffic Jam |Eq. Distance

(km) (km) (km) (km) (km) (km)

1 [Jakarta(JKT) 39.9 13.80 53.70 13.9 9.06 22.96
2 |Bogor(BOO) 91.5 11.76 103.26 50 20.20 70.20
3 |Tangerang(TNG)|  20.2 10.25 30.45 32.3 15.50 47.80
4 |Bekasi(BKS) 61.8 15.79 77.59 22.4 14.29 36.69
5 |Puncak(PUN) 117.4 26.72 144.12 79.1 31.30 110.40
6 |Serang(SRG) 57.1 1118 68.28 87 4.82 91.82
7 |Depok(Dpk) 54.8 25.36 80.16 16.6 13.19 29.79
8 |Anyer(Any) 124.9 30.92 155.82 133.6 38.20 171.80
9 |Lido(LDO) 111 25.44 136.44 69.6 30.18 99.78

The calculation of the environmental burden index from the
transport of fruit juice delivery through the consumption of
diesel fuel and exhaust gas emissions. Calculation of
emissions with Direct Calculation based on fuel consumption.
Calculation using the following equation (IPCC, 2006) [7]

Emission = [Fuel, X EF;]

Where, Emission = Specific pollutant emission load (kg);
Fuel, = fuel consumption of type a (TJ); FE, = emission factor
(kg / TJ) a = type of fuel (such as premium, diesel). The
calculation of exhaust emissions of combustion is also
conducted using emission factor based on national emission
factor (Minister of Environment Regulation No. 12/2010 on
Air Pollution Control in the Region), presented in Table 1.

Some very remote hotels such as Tanjung Lesung, Cianjur,
and Purwakarta, are only calculated up to the midpoint of the
zoning city, considering the number is not too much and the
travel path has been spared from the traffic density.

Based on Table 2 it appears that the average vehicle
distribution speed is below the optimum speed, even using
the highway. The minimum speed limit on highway is 60 Km
/ hr. According to a World Bank report (2017), the average
loss of time due to traffic jam in Jakarta is 3.5 hours a day
[18]. The analysis of the delay of adding time due to traffic
jam on the delivery of fruit juice to the hotel in the designated
zoning is presented in Table 3.

Table 3. Calculation of delivery time of fruit juice and additions due to the

Table 1. Vehicle Emission Factors (KLH, 2013) traffic jam
Ermission Gasoline car Diesel car Trock Factory Warehouse Jakarta Transkit Warehouse
TSP (g/km) 0.0L 053 14 No Zone NT"irr?:ea' Real Time | Traffic Jam NTUIrr’n”:" Real Time | Traffic Jam
NO, (g/km) 2 35 7.7 :
50, (g/km) 0.0%6 044 082 (min) | (km) (km) | (km) | (km) (km)
HC (Gkm) 1 o3 6 T |Jakarta@KT) 39.90 61 2110 | 1390 | 39.90 26.00
0 (gkm) g 35 32 2_|Bogor(BOO) 91.50 105 1350 | 5000 | 83.90 33.90
0, (Gkm fuek) 150 e 3172 3 |Tangerang(TNG)| 20.20 41 2080 | 3230 | 6210 29.80
iy (gkm) 007 001 001 4_|Bekasi(BKS) 61.80 83 2120 | 2240 | 6190 39.50
N0 (g/km) 0.005 0.014 0,031 5 |Puncak(PUN) 117.40 152 34.60 79.10 130.90 51.80
KLH=Kementerian Lingkungan Hidup dan Kehutanan (Ministry of Environment & Forestry of 6 [Serang(SRG) 57.10 71 1390 | 87.00 | 9210 5.10
Republic Indonesia) 7| Depok(DpK) 54.80 102 4720 | 1660 | 80.90 64.30
8 |Anyer(Any) 124.90 166 4110 [13360] 187.10 53.50
9 _|Lido(LDO) 111,00 144 33.00 | 69.60 | 122.90 53.30
IV. RESULT AND DISCUSSION
A. The Balances of Supply and Demand
The estimated daily consumption of fruit juice from all
hotels in the zoning ofthe company's customers has been
. Published By:
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C. Product Distribution Optimization

Optimization is done for two reasons: 1) distance and 2)
the travel time (duration). Both calculations are performed
using the Vogel method to distribute juice products from two
delivery sources. The calculations done for these two
considerations, after going through 10 iterations give the
same optimization results as presented in Table 4.

Table 4. Distribution of juice products optimally to all market zones

Zones Factory Warehouse Jakarta Transit Warehouse
Kg Truck Kg Truck

Jakarta 18,949 13 12,993 9
Bogor 3,114 3
Tangerang 1,792 2
Bekasi 1,281 1
Puncak 3,579 3
Serang 853 1
Depok 276 1
Anyer 306 1
Lido 107 1

Total amount | 30,257 26 12,993 9

The largest distribution in accordance with its needs is the
Jakarta Zone of 31.942 kg. A total of 40.68% of Transit
Warehouse Jakarta supplied, thus the entire transit warehouse
activities only serve zones Jakarta. Meanwhile, Zones other
than Jakarta are all supplied from factories in Tangerang.

The optimum allocation results are further converted into a
1.5 Ton Truck Transportation (Vehicle) unit. By changing
the distribution unit as the number of trucks, then the
calculation of the optimal value (Z) is entirely in the form of
mileage travel (Trip) from and back to the source of supply.
The results of these calculations facilitate the calculation of
environmental burden.

Even if the optimization results of the distribution are the
same, the optimal calculation result (Z) of the two
considerations is different as follows:

Zqp: (Distance) = 3,441.00 Km per week
b.  Zgpy (Duration) = 4,452.16 Km per week

Due to traffic jam consideration (Duration), the mileage
equivalence becomes longer.

a.

D. Optimization Reroute

Optimization results show that some zones have demand
for no more than one delivery truck per week, so it becomes
wasteful if it is served separately. Distributed line distribution
can be reroute to be served by the same truck. Some of the
rearranged paths are:

a. The Depok, Bogor and Lido zones formed a new
line into the “Bodeli” Zone;

b. Serang and Anyer zones formed a new line into
“Serang” Zone.

The arrangement is presented in Table 5 and the results
reduce the number of trucks moving each week by 3 units.
The optimal distribution path map is shown in Fig. 3. Next
calculated the latest optimal Z value after the path reset as
follows:

a. Zop (Distance) = 3.112.20 Km per week
b. Z'op (Duration) = 4,081.45 Km per week

The optimal schedule reset results in shorter Z, so it is better.
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Table 5. Reroute of fresh juice distribution path

Factory Warehouse Jakarta Transit Warehouse
New Zone Truck DI(S&;HHI;CE Trip (km) | Truck Dl(sizamr;ce Trip (km)
Distance Consideration
Jakarta (JKT) 13 39.90 103740 9 13.90 250.20
Bogor-Depok-Lido (Bodeli) 3 111.00 | 666.00 69.60 0.00
Tangerang (TNG) 2 20.20 80.80 32.30 0.00
Bekasi (BKS) 1 61.80 123.60 22.40 0.00
Puncak (PUN) 3 11740 | 704.40 79.10 0.00
Serang-Anyer (Seran) 1 12490 | 249.80 133.60 0.00
Total 23 2,862.00 | 9 250.20
Duration Consideration
Jakarta (JKT) 13 5370 [139.24| 9 22.96 413.24
Bogor-Depok-Lido (Bodeli) 3 136.44 | 818.63 99.78 0.00
Tangerang (TNG) 2 30.45 121.79 47.80 0.00
Bekasi (BKS) 1 7759 | 15517 36.69 0.00
Puncak (PUN) 3 14412 864.74 110.40 0.00
Serang-Anyer (Seran) 1 155.82 | 311.65 171.80 0.00
Total 23 366822 9 41324
O e Diiiiton rovis 10 Deped: Bogor-tido (8)
wews  Distribution route to Puncak (C}
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Fig. 3. The optimal distribution path of fruit juice to various distribution
zones, the result of optimizing using VVogel reroute

E. Environmental Burden Analysis

Based on the optimal distance travel during product
distribution in one week, predictable amount of fuel
consumption.Diesel consumption for 1-2 years old truck
according to Purnoto (2016) average 1 liter for 7.5 km [13].
Thus, using the IPCC (2006) method [7] calculated the use of
diesel fuel for:

Zopt (Distance) = 415.0 liters / week
b. Zopt (Duration) = 544.2 liters / week.

Fuel consumption will be directly correlated with exhaust
gas emissions of combustion. The use of fuel after
considering the traffic jam factor when transporting, becomes
larger than just calculating the distance. as presented in Fig.

a.

B reu Sorwion O ootunce

N

uN

L %1 Swrun

Ionm

Fig. 4. Suppose of diesel fuel consumption truck distribution of fruit juice to
various hotel zoning customers using IPCC method (2006)

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Recent Technology and Engineering (IJRTE)

The CO, gas emissions are calculated using the Barrel Oil

ISSN: 2277-3878, Volume-8 Issue-2S57, July 2019

2500
Equivalent (SBM-Indonesian calculation). The result of B
mapping per zonation is calculated in Fig. 5. Distribution of a0 =
fruit juice with observed to optimal distance, calculated to  |_.
contribute CO, amounted to 1220.35 kg per week, and E
consideration of CO, contributed mileage of 1600.41 kg per [ o
week. 500
000 M Distance O Duration 0.00 |
T00.00 1 502
_. 60000 (Gas Emissions
é S Fig. 7. Estimated exhaust emission load from diesel truck combustion of
5 400 fruit juice distribution to various hotel zoning customers using KLH method
= 20000 — | (2013)
~ 20000 I
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200 e | BN ] ﬂ o )
T Boddi ™G BKS AN Seran The SME’s fruit juice products in Jabotabek, must be
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Fig. 5. CO2 emissions suppose from diesel truck combustion of fruit juice
distribution to various hotel zoning customers using IPCC method (2006)

Calculations which considering the duration or duration of
the distribution of fruit juices contribute to huge pollution
loads, especially in the Jakarta zone as presented in Fig. 6.
The traffic jam level in Jakarta is much larger than other
zones, while only distribution to the non-crossing
Serang-Anyer zoneof Jakarta city.

Fig. 6. Distribution of CO; load from diesel truck combustion of fruit
juice transportation

The calculation of the estimated exhaust emissions from
vehicle transportation for fruit juice distribution using the
conversion method is presented in Fig. 7. The CO, emissions
per week, the highest compared to other gases reaches
1,316.25 kg for calculation only at distances, while for
consideration of emission travel timeof CO, gas reaches
1,726.18 kg.

Both methods of calculation using the IPCC (2006) [7] and
conversion method using KLH guidance (2013) [9] for CO,
emission there is a difference of about 100 kg per week. The
research of Tiaraniet al (2016) also gives different results
[16], but more support KLH method (2013) because it has
been adjusted to the condition of Indonesia.

Retrieval Number: B10100782S719/2019©BEIESP
DOI: 10.35940/ijrte.B1010.07825719

distributed to hotel customers for weekly consumption, due
to product durability of less than 30 days. The hotel served by
the pilot company is predicted to require 43,250 kg per week.
The distribution of products is done from the factory
warehouse and the Jakarta transit warehouse. Optimal
conditions show that the fabric warehouse will supply 23
Trucks of 1.5 Ton capacity and 5 Jakarta Truck warehouse
each week.

The optimal distribution of fruit juice products is estimated
to use 414.96 liters of diesel fuels per week when only
calculating mileage or distance. However, with the
calculation of the traffic jam, the consumption of diesel oil
can reach 544.19 liters per week. The environmental burden
due to pollution of CO, gas remaining fuel combustion from
such distribution transport reaches at least 1.22-1.32 Ton
CO, / week without traffic jam and 1.60-1.73 Ton CO, / week
with traffic jam.

The reducements of exhaust emissions can still be
recommended by improving the distribution channels
through more detailed route calculations, especially Jakarta.
In addition, the operational conditions of the vehicles used
must be kept in a well maintained.
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