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Abstract. Biofuel as suitable substitute for fossil fuel can be produced from industrial
and municipal waste, used cooking oil. High consumption of cooking oil in Indonesia
gives a nice opportunity for cooking oil as material for producing biofuel. According
high potentiality and high availability of used-cooking oil in culinary industries,
Yogyakarta would be a city of biofuel production from the oil. The aim of this research is
to analyze an economic factor towards the supply chain design of biofuel in D.I.Y at
strategic level supply chain. Method of thesis is to build mathematical model which
defined by Excel spreadsheet and solved by CPLEX optimizer. Otherwise, for calculate
an economic analysis using revenue cost ratio (R/C ratio). Based on R/C ratio method
then it obtanained rasio value R/C > 1. Therefore can be summarized that proper
investment because of given production profit for each day.
Keywords: Biofuel, Economic Analysis, Used Cooking Oil, CPLEX optimizer, Gravity
Location Model

1. Introduction
Energy is an important natural source for life. One of energy which related to life
activities is fossil fuel substances. According to economical sector, Indonesia energy growth
during 2011-2012 increased about 4,04% and the biggest user comes from transportation
sector about 65%. Increasing of using energy without balance of supply ability would be
impacted in limitation of oil reserves. Therefore, we need renewable energy source for using,
which is biofuel.
Basically, biofuel is made from virgin wood, food plant, agriculture crop, food waste and
waste of production process with bioethanol and biodiesel potential. Consider to high
consuming of frying oil in Indonesia, so that used cooking oil has large oppoortunityas
feedstock of biofuel. For encourage building up of industrial scale of biofuel plant quickly,
creating for supply chain of used cooking oilis needed. Due to the fact that high culinary
industry trading and supported by eco mini plant biofuel project of Chemical Engineering
Department Gadjah Mada University, Special Region of Yogyakarta (Daerah Istimewa
Yogyakarta/ D.I. Yogyakarta) can be chosen as a country for developing biofuel industry from
used cooking oil.
For fulfilling biofuel stock as fossil fuel mixing, especially for diesel fuel, then at least
needed 5% biofuel over total of diesel fuel necessary in D.I.Y. As a first step to analyze
potential and feedstock quantity, mapping of used cooking oil supplier is needed. Proposed
design for supply chain cover mapping of feedstock supplier and strategic design of feedstock
supply, facility location, capacity of facility and distribution flow from product to facility.
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Moreover, economic analysis is regarded as one of the important thing for sustainable
future for biofuel supply chain design from used cooking oil. This research aims to analyze an
economic factor towards the supply chain design of biofuel in D.I.Y.

2. Collecting Data
2.1 Data of Feedstock Source
Data of feedstock is collected from 303 used cooking oil suppliers whom come from 20
fast food restaurants, 153 food industries and 129 caterings. The supplier distributed from 4
regencies and a city i.e. Sleman regency, Bantul regency, Kulon Progo regency, Gunung Kidul
regency, and Yogyakarta city. Estimated feedstock data from daily consumption of used
cooking oil will be scaled up base on supplier quantities. Average of daily consumption of
used cooking oil from fast food restaurant, food industries and caterings are 35 litre/ day, 3
litre/day, and 5 litre/day, respectively. Supplier mapping result showed 2.561 litre/day of
feedstock quantities.
2.2 Data of Collection Bin
Determining of collection bin location uses gravity location model base on supplier source
coordinate. First, determining new facility of location, the assumed base on the biggest
feedstock location, i.e. Danurejan and Depok. Determining of collection bin capacity was
informed by Commercial and Waste and Recycling Services [1]. This research assumed that
there are two stores for each, operated in 660 litre/day and 940 litre/day.
2.3 Data of Biofuel Plant
Determining of plant was informed from investment potential and DIY regions
characteristic. Plant capacity was estimated from relevant research by [7] about 3000 litre/day.
The estimation for plant establisment cost will be determined from parametric method [8].
2.4 Data of Transportation Mode
Transportation mode uses three wheels motor. Motor will be used for carrying used
cooking oil to collection bin and or to biofuel plant. Motor price refers to motor price in 2015.
2.5 Transportation Cost Matrix
Transportation line is started from supplier to store and or directly to biofuel plant.
Transportation cost estimation refers to fuel efficiency over vehicles capacity [2].
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑤𝑖𝑡ℎ 𝑙𝑜𝑎𝑑 = (1 −
(Fuel efficiency per 0.45 kg ×𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑙𝑖𝑡𝑟𝑒 𝑡𝑜 𝑘𝑔 ×
𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑)
)
𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 100 𝑙𝑏 𝑡𝑜 𝑘𝑔

𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 =

The diesel fuel cost per litre ×𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑎𝑡𝑟𝑖𝑥 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑖𝑒𝑠
The distance traveled of diesel fuel per litre for 𝑓𝑢𝑒𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑢𝑛𝑙𝑜𝑎𝑑×
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑤𝑖𝑡ℎ 𝑙𝑜𝑎𝑑

(1)

(2)

3. Mathematical Model Formulation
Component of mathematical model are the distance of feedstock supplier to collection bin
and feedstock supplier to plant, cost of biofuel plant investment, collection bin cost, cost of
vehicle and transportation cost. Constraints of mathematical model includes used-cooking oil
supply, capacity of collection bin and plant. Objective function is optimization of usedcooking oil supply chain by minimizing transportation cost and cost of investment plant.

4. Mathematical Model Development and Software Implementation
Mathematical model is developed by using Microsoft Excel 2010 to identify optimization
case in spreadsheet. The component which has been defined is parameter data, decision
variable, objective function and constraints. After developing model, then it will be solved by
CPLEX V12.1 optimizer in Microsoft Excel Add-in [4].

5. Result and Discussion
5.1 System Description
Basic model of used-cooking oil supply chain for biofuel plant in D.I.Y can be showed in
Figure 1.

Fig. 1. Illustration of Used Cooking Oil Supply Chain

5.2 Mathematical Model Development
a. Variable
Si

The used cooking oil volume produced per day (litre)

Gj

Daily capacity of medium collection bin at J point (litre)

gj

Daily capacity of small collection bin at j point (litre)

Kk

Daily capacity of biofuel plant at K point

Pj

Cost of medium collection bin at J point

pj

Cost of small collection bin at j point

Fk

Cost of biofuel plant investment K

T

Cost of vehicle

Tc

Transportation cost

dij

Distance between feedstock source i to collection bin j (km)

djk

Distance between collection bin j to biofuel plant k (km)

dik

Distance between feedstock source i to biofuel plant j (km)

C

The diesel fuel cost per litre = Rp6900,00

Dmt

The distance traveled of diesel fuel per litre for three wheels motor (km/ltr)

Emt

Fuel efficiency per 0.45 kg for three wheels motor

1 litre of fuel = 0.9 kg
100 lb = 0.45 kg
b. Decision Variable
Xij

The number of feedstock delivered from supplier at i point to j point

Xjk

The number of feedstock delivered from collection bin at j point to biofuel plant

at k point
Xik

The number of feedstock delivered from supplier at i point to biofuel plant at k

point

c.

Yj

A binary variable 0 and 1, 1 if medium collection bin is visited, 0 otherwise

yj

A binary variable 0 and 1, 1 if small collection bin is visited, 0 otherwise

Yk

A binary variable 0 and 1, 1 if biofuel plant is visited, 0 otherwise

Objective Function
𝐹𝐶𝐷𝐿 = ∑𝐽𝑗=1(𝑃𝑗 𝑌𝑗 )

(3)

𝐹𝐶𝐷𝑆 = ∑𝐽𝑗=1(𝑝𝑗 𝑦𝑗 )

(4)

𝐹𝐶𝑃𝐿 = ∑𝐾
𝑘=1(𝐹𝑘 𝑌𝑘 )

(5)

𝑇𝐶1 =

𝐽
𝐶×∑𝐼𝑖=1 ∑𝑗=1 𝑑𝑖𝑗

𝐷𝑚𝑡×𝐸𝑚𝑡

(6)

𝐽

𝑇𝐶2 =
𝑇𝐶3 =

𝐶×∑𝑗=1 ∑𝐾
𝑘=1 𝑑𝑗𝑘
𝐷𝑚𝑡×𝐸𝑚𝑡
𝐶×∑𝐼𝑖=1 ∑𝐾
𝑘=1 𝑑𝑖𝑘
𝐷𝑚𝑡×𝐸𝑚𝑡

(7)
(8)

For variable 𝐸𝑚𝑡 is refers to equation (1) and (2)
𝐽

𝑇𝐶1 =

𝐶×∑𝐼𝑖=1 ∑𝑗=1 𝑑𝑖𝑗
𝐷𝑚𝑡×(1−

(0.007×0.9×𝑋𝑖𝑗 )
)
0.45

(9)

𝐽

𝑇𝐶2 =

𝐶×∑𝐼𝑖=1 ∑𝑗=1 𝑑𝑗𝑘
𝐷𝑚𝑡×(1−

(0.007×0.9×𝑋𝑗𝑘 )
)
0.45

(10)

𝐽

𝑇𝐶3 =

𝐶×∑𝐼𝑖=1 ∑𝑗=1 𝑑𝑖𝑘
𝐷𝑚𝑡×(1−

(0.007×0.9×𝑋𝑖𝑘 )
)
0.45

(

𝑀𝑖𝑛𝑖𝑚𝑎𝑠𝑖 𝑍 = {𝐹𝐶𝑃𝐿 + 𝐹𝐶𝐷𝑆 + 𝐹𝐶𝑃𝐿 + 𝑇𝐶1 + 𝑇𝐶2 + 𝑇𝐶3 }
d.

(11)
(12)

Constraint
∑𝐼𝑖=1 𝑆𝑖 ≥ ∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 + ∑𝐼𝑖=1 ∑𝐾
𝑘=1 𝑋𝑖𝑘

(13)

∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 ≤ ∑𝐽𝑗=1 ∑𝐾
𝑘=1 𝑋𝑗𝑘

(14)

∑𝐽𝑗=1 𝑌𝑗 + ∑𝐽𝑗=1 𝑦𝑗 ≤ 1

(15)

∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 ≤ ∑𝐽𝑗=1 𝐺𝑗 𝑌𝑗

(16)

∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 ≤ ∑𝐽𝑗=1 𝑔𝑗 𝑦𝑗

(17)

𝐾
∑𝐼𝑖=1 ∑𝐾
𝑘=1 𝑋𝑖𝑘 ≤ ∑𝑘=1 𝐾𝑘 𝑌𝑘

(18)

∑𝐽𝑗=1 ∑𝐾
𝑘=1 𝑋𝑗𝑘

(19)

≤ ∑𝐾
𝑘=1 𝐾𝑘 𝑌𝑘

∑𝐼𝑖=1 𝑆𝑖 = ∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 + ∑𝐼𝑖=1 ∑𝐾
𝑘=1 𝑋𝑖𝑘

(20)

∑𝐼𝑖=1 ∑𝐽𝑗=1 𝑋𝑖𝑗 = ∑𝐽𝑗=1 ∑𝐾
𝑘=1 𝑋𝑗𝑘

(21)

𝑋𝑖𝑗 ≥ 0, 𝑋𝑗𝑘 ≥ 0, 𝑋𝑖𝑘 ≥ 0, 𝑌𝑗 ≥ 0, 𝑦𝑗 ≥ 0, 𝑌𝑘 ≥ 0, 𝑦𝑘 ≥ 0

(22)

5.3 Analysis of Cost Component
Many assumptions are used for calculating cost of collection bin, cost of biofuel plant
investment and cost of vehicle. Calculating is based on equation of Equal Payment Series
Capital Recovery Amount for daily basis and 300 day/year capacities.
5.4 Analysis of Optimization Result
Result of basic model optimization can be showed at Figure 2. Table 1 showed that no
used-cooking oil (i) directly carried to biofuel plant (K) but rather carried to collecting bin by
selecting two small capacities at Danurejan (J1) and two medium capacities at Depok (J2).
Allocation of used-cooking oil quantities for each bin is 681 liter in danurejan and 1880 liter
in Depok-Sleman are given in Table 2. According to data process calculated cost of
transportation about Rp. 750. 615, 40, cost of collection bin about Rp. 2.026, 00, cost of
vehicle about Rp. 7.836, 80 and cost of biofuel plant investment about Rp. 1.308.441,00.
Thus, total cost for each day is about Rp. 3.047.279, 26.
Figure 3. showed that there are no used-cooking oil directly carried out to biofuel plant
(K) but rather will be accumulated provisionally into two small bin at Danurejan (j 1) for 900
liter and into two medium bin for 1880 liter (Table 3 and Table 4). Based on data processing
calculated cost of transportation about Rp. 760.895, 50, cost of collection bin about Rp

2.026.00, 00, cost of vehicle about Rp. 7.836, 80 and cost of biofuel plant investment about
Rp. 852.220,80, so that total cost for each day is about Rp. 3.033.330, 55.
Table 1.

Table 3.

Fig. 2.

Table 2.

Table 4.

Fig. 3.

6. Economic Analysis
Proper analysis that used in this research is analysis of revenue cost ratio (R/C ratio). The
analysis is aimed to analyze economical profit level by calculating comparison between
revenue and expenditure [5]. The parameter ratio are described below:
R/C Ratio = 1 means business not profit and not loss
R/C Ratio < 1 means business loss
R/C Ratio > 1 means business profit
In this research the costs used to calculate are investment costs and operational costs.
Those costs are refers to the previous reserach by [6]. Using investment cost and operational
cost that needed to this research, so that calculated rasio value R/C > 1. Therefore can be
summarized that proper investment because of given production profit for each day.

7. Conclusion and Suggestion
7.1 Conclusion

The research created the model of used-cooking oil supply chain for 303 supplier spread in
regencies of DIY. Data from food industry, catering and fast food restaurant will result map of
network between basic model and sensitivity model. For basic model and sensitivity model
optimization assumed that there is no feedstock delivered from supplier to plant but rather
feedstock will be collected in collection bin at Danurejan and Depok. After that, feedstock will
be carried to the plant.
Mathematical model showed that two collection sites will be created i.e. small collection
bin in Danurejan and medium collection bin in Depok. The number of feedstock distributed to
Danurejan for 681 liter and 1880 liter for Depok. Sensitivity analysis over increasing of usedcooking oil quantities doesn’t affect the decision of opening collection sites. It is impact for
distribution to each facility and cost of transportation, cost of collection bin, cost of vehicle,
and cost of biofuel plant investment. Therefore, design of used cooking oil supply chain for
biofuel in DIY will minimize the total cost about Rp3.047.279,26/day.
7.2 Suggestion
a. Model design not only concerned to minimizing cost but environment effect is needed
especially for emission levels.
b. Supplier source is added so that biofuel requirement in DIY can be fulfilled.
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