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PREFACE

The Journa of Emerging Supply Chain, Clean Energy and Process Engineering
(JESCEE) is a journa of the Faculty of Industrial Technology, Universitas Pertamina that
promotes communication between researchers, dissemination of research results, development
of academic culture, and development of new ideas in the fields of mechanical, electrical,
chemical, and logistics. This journal's volume 1, issue no. 1 has captivated the attention of
numerous researchers interested in publishing their work.

On behalf of the Editor-in-Chief, | would like to thank the people who support this
journal, especially the Dean of the Faculty of Industrial Technology Industrial for their direct
and indirect assistance, the editors who work well and are dedi cated, the reviewers who provide
suggestions and constructive criticism for each paper collected, and the authors who entrust
JESCEE with the publication of their research results.

We hope that this publication will continue to expand and present the most recent
information in the fields of mechanical, electrical, chemical, and logistical. We also welcome
collaboration from parties who are pleased with the existence of this journa and wish for its
further growth.

Jakarta, August 2022
Editor-in-Chief

Dr. Eng. Muhammad Abdillah
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THE EFFECT OF ADDITION OF SnO2 DOPING ON THE
ELECTRONIC STRUCTURE OF TiO2 THIN FILM ASPHOTO-ANODE
IN DSSC APPLICATIONS

Soni Prayogi®’, Marza Ikhsan Mar zuki*

1Department of Electrical Engineering, Faculty of Industrial Engineering, Universitas Pertamina

Abstract

Photoanode is a component of the dye-sensitized solar cell (DSSCc) which
is synthesized from metal oxide semiconductor material with nanoparticle
size deposted on transparent conductive glass. TiO2 powder was
synthesized by mixing 20 mL of Titanium(l11) chloride (TiCl3) with 200 mL
of the equator and stirred for 1 hour. TiO2-ShO2 thin films have been
successfully synthesized using the coprecipitation method and coated on
ITO (Indium Tin Oxide) substrate by doctor-blade technique. The structure
and morphology of the films were investigated by XRD and SEM
respectively. The analysis of optical characteristics shows that the
absorbance of TiO2 photoanode is in the wavel ength range of 300-600 nm
while ShO2 is in the wavelength range of 300-870 nm. The results showed
that the synthesized filmwith ShO2 had a stronger anatase formation than
the film with pure TiO2. Finally, incorporating ShO2 into the TiO2 matrix
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1. Introduction

The need for energy in Indonesia continues to increase. This is due to infrastructure development, regiona
expansion, road congruction, etc[1]. At this time, the need for energy is obtained from energy sources that are
conventiona and non-renewable, such as coal, gas, and oil[2]. Reserves from these energy sources will decrease,
while the need for energy will increase[3]. To overcome these problems, alternative energy sources are needed
that can help reduce dependence on non-renewable energy sources4]. Renewable energy that is growing rapidly
intheworld today iswind energy and solar energy[5]. Wind and solar energy sourcesare clean and freely available
renewable energy sources.

Dye-sensitized solar cell (DSSCs) is a type of third-generation solar cell that utilizes photoel ectrochemical
principleg6]. This type of solar cell is believed to be able to provide an aternative energy concept with a more
affordable production cost and with a simpler fabrication technology than its predecessor solar cells made from
crystalline silicon[7]. A typica DSSC consists of several microns thick nanostructured semiconductor that is
deposited on a conductive substrate as a framework of DSSCs photoanode[8]. Titanium dioxide (TiO,) is one of
the most sdected and studied extensively photoanodes materials in DSSCs[9]. TiO, can be found in its three
polymorphs in nature: anatase, brookite, and rutile[10]. However, anatase is mostly used due to its excellent
stability and photoactivity. Additionally, TiO. has proven as a fascinating material and has been used for many
different applications in both gas sensors and DSSCs because of its biological, and chemical inertness, long-term
stability against chemica and photo-corrosion

One of the factorsthat are still aproblem in the manufacture of DSSC solar cellsisthe use of electrolytes, both
gels, and solutions, which have an important role in converting light energy into electrical energy in these solar
cellg11]. Because the shape is generadly in the form of a solution, many problems arise related to the use of
electrolytes, such asleakage, evaporation, the possibility of corrosion of the center-electrode, and so on[12]. Most
of the problems above are related to the issue of stability of cell performance in the long term[13]. In addition, the
selection of the right type of electrolyte solution isa so one of thefactorsthat are still widely studied by researchers
[14]. In this work, we synthesized TiO, and TiO2-SnO, nanocomposites by coprecipitation method, and their
structures and morphol ogy were characterized and compared with pure TiO2 photoanodes.
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2. Experimental Details

TiO, powders were synthesized by mixing 20 mL of Titanium (I11) chloride (TiCl3) with 100 mL of equates
and were stirred for 1 hour. To thismixture, NH4OH solution was added dropwise until pH reached 9. The resultant
solution was stirred until the resulting white precipitate. The precipitate was filtered and was then washed several
times with digtilled water, reaching a value of pH egual to 7. The removal process of residual organics and the
stabilization of the materials were carried out by calcination for three hours at 450°C.

The equipment used includesadigital multimeter, hot plate with magnetic stirrer, hair dryer, ultrasonic cleaner,
10 ml and 50 ml beakers, pipettes, 5 ml glass bottles, digital scales, Whatman no.42 filter paper, column
chromatography mortar, and spin coater 1TO glass subdrates were purchased from Mianyang Prochema
Commercial Co., Ltd., China. ITO with a size of 1 X 1 cm?was thoroughly rinsed with deionized water and
anhydrous ethanol and dried on a hot plate. The manufacture of 1TO glass layer DSSC which has been coated with
TiO2 and has been dipped in the extracted dye solution is called the working electrode. The working electrode is
dripped with an electrolyte solution and then covered with a platinum-coated counter electrode called the counter
electrode[ 15]. Then the DSSC device is clamped on both theright and left sides, so it doesn't come off. The DSSC
device is shown in Fig. 1. The films were heated at 450°C for one hour and cooled naturally to obtain a nano-
porous film. The structure and morphology of the films were characterized by XRD and SEM.

Figure 1. DSSC Device Display

3. Resultsand Discussion

The crystaline phase of photoanode films was evaluated by XRD analyses, and the result is shown in Fig. 2.
It can be seen that the films are polycrystalline, and the diffraction peaks observed around 26 and 49 degrees
correspond to the (101) and (200) reflexes of the anatase phase of TiO, with the tetragonal crystal structure. The
TiO: film exhibits a new diffraction peak (222) plane around 31 degrees, which belongs to the ITO peak. These
results agree with the analysis of the microstructure of pure TiO- film.
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Figure2. XRD spectra of pure and TiO2-SnO2 photoanodes
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Furthermore, the diffraction peaks from rutile phase appear in the X-ray patterns due to the addition of the
SnO; in the film. The (110), (101), and (211) planes at 26 values 27, 34.1, and 53 degrees were observed as the
characteristic peaks of SnOzin the doped TiO: film. Similar results have also been reported in previous studies.
indicated that the increase of the concentration of dopant in the film has an effect on the transformation anatase to
the rutile crystaline phase[16]. Nevertheless, the intensity of the (101) plane is higher than the intensity of pure
TiO: film because of the e ectronegativity, and theionic radius of Sn*" ionsislarger than Ti#*[17]. It allowed easily
for Sn**ionsto replace and occupy the oxygen position in the TiO; lattice Thus, the spectrum shows the intensity
of the (101) plane is gradually increased with the decreased ITO pesak (222) plane, which indicated that better
crystallinity than the pure TiO; film was obtained.

This feature gives a more stable chemical bond and permits excellent interconnection and continuity between
titania nanoparticles, which in turn enhances electron transfer efficiency in photoanode[18]. This phenomenon
showed that the incluson of SnO; in the TiO, may stabilize the anatase as the main and strongest phase. The
smaller radius of Ti** (0.68 A) as compared to Sn** (0.69 A) aso made the crystallite size of doped TiO; film
bigger than the pure one[20]. The average crystallite size, which is calculated from XRD data using the Rietveld
method, is 34.2 and 10.3 nm for the doped TiO; and the pure TiO: films respectively.

Fig. 3 show represents the top-view SEM images of the doped and pure TiO; films. These images confirm that
the microstructure of both samples exhibits spherical-shaped particles with irregular morphology due to the
agglomeration of primary particles during the annealing treatment[21]. It can be seen that smaller particles with
an average diameter of 10 — 11 nm were measured for pure TiO; and around 35 nm for SnO, doped TiO; film.
The enlarging particle size of the doped TiO- film resultsin alarger surface area of the film, thus enabling a high
dye loading capacity aswell as enhancing the photosensitivity to solar radiation.

Figure 3. SEM micrographs of (a) pure TiO, and (b) TiO2-SnO; films

The porous nature was observed in both films and this structure a so plays a role in enhancing the surface area
of the film photoanode. A bit rough, large and intense inhomogeneous agglomerations were formed in the pure
TiO; film. In DSSC’s system, these agglomerations decrease electron mobility and result in slow transport and
recombination of photoexcited electrong[23]. On the other hand, TiO.-SnO, exhibits smooth and rather well-
distinguished uniform aggregates, athough also there are afew voids and cracks which may be due to the loss of
the binder during the annealing process[24]. These results indicate that the presence of SnO; can effectively
suppress the grain growth of anatase compared with pure TiO;,

The results of the analysis of the optical characteristics and band gap of the photoanode are obtained in the
form of absorbance and transmittance graphs that describe the optical characteristics of the photoanode. It can be
seen that the absorbance of TiO2 photoanode is in the wavelength range of 300-600 nm while SnO2 is in the
wavelength range of 300-870 nm.

The photoanode has a wavel ength range of 300-870 nm and the highest absorbance value when compared to
TiO2 and SnO2 photoanodes. Thisis because the photoanode is composed of two constituent layers, namely the
TiO2 layer which has a high absorbance value and the SnO2 layer which has a wavelength range of 300-870 nm.
Fig. 4 shows the absorbance values in a certain wavelength range of TiO2, SnO2, and photoanodes where the
absorbance value of photoanodes is lower than that of TiO2 photoanodes in the 300-600 nm wavelength range,
but higher than SnO2 photoanodes in the wavelength range. 300-870 nm. This is because the photoanode is
composed of one congtituent layer, namely the TiO2/SnO2 composite layer so that absorbance islower than TiO2
photoanode but has the same wavel ength range as SnO2 photoanode.
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Figure 4. Photoanode absorbance value

In the photoanode the composite structure is layer by layer where there are 2 layers, namely SnO2 and TiO2
layers. SnO2 has a higher density than TiO2 so that the dye only sticks to TiO2. Because the dye only sticks to
TiO2, SnO2 only accepts electron injection from TiO2. Meanwhile, in the SL photoanode the composite structure
is a mixture of TiO2 and SnO2. So that the dye can gick to the surface of TiO2 and SnO2. This resulted in 2
recombination processes, namely from the TiO2 and SnO2 conduction bands to the HOMO dye level.

4. Conclusion

In summary, the proposed work compared the structural and morphologica properties of the TiO2-SnO2
nanocomposite and the synthesized pure TiO2. The XRD pattern of the photoanode of TiO2 anatase with SnO2
shows superior crystallinity and stronger formation compared to the photoanode of pure TiO2 anatase. These
resultsindicated that adding SnO2 could enhance the stability and microstructure of the photoanode. Additionally,
the SEM analyss reveals the SnO2 dopants existence in the TiO2 lattice. The surface of the doped TiO2 film
showed a smooth and rather homogeneous aggregate; this explains that SnO2 content can suppress the crystal
growth of TiO2 grains. Consequently, incorporating SnO2 into the TiO2 matrix was an effective strategy for
enhancing the overall properties of solar cellsin future applications.
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1. Introduction

Qil and gas production till facing numerous challenges due to the different type of reservoir found around
the globe. Common challenge that till attracted is the carbonate reservoirs, which have low capacity flow rate
for hydrocarbon to pass through rock reservoir. They are commonly termed as |ow-permeability reservoirs with
<10 millidarcy in permeability [1,2]. These made optimal oil production is hard to achieved, because of the
limited flow hydrocarbon fluid that can be passed through [3]. Therefore, stimulation method become one of the
best solutionsto tackle the problem.

Stimulation method is one of the ways to increase the productivity of a reservoir by tuning the rock
properties, such as porosity and permeability. Porosity is an important rocks properties which can be used to
estimate the amount of hydrocarbons that can be stored inside the reservoir [4,5]. Another important rock
properties is permeability, which is the ability of the rock to pass fluid through its pores [6]. Porosity and
permeability can be used to determine the amount of fluid that can be produced to the surface of areservair, or to
estimate Original-Gas-In-Place (OGIP) [7,8]. One of the reliable stimulation methods to stimulate the carbonate
reservoir is acid treatment method [5].

Acid treatment is one of the most widely used acidification techniques to stimulate carbonate reservoir. The
conventiona acid treatment model is widely used to develop fracture in low — permeability - gas carbonate
reservoir [9]. The acid stimulation methods are advantageous in carbonate formation, because of the presence of
acid soluble mineralsin form of calcite [3]. In this method, acid fluid were contacted into the rock formation at a
certain temperature and pressure conditions [10]. However, acid treatment still has many challenges to be
optimally done. Acid treatment method has been extensively researched in the laboratory. Because acid
treatment experimental studies are commonly using outcrop samples deposited on the surface; therefore, the
results obtained are not fully representative of the actual Stuation beneath the surface [11]. In those cases, it
required further study to observe influencing factors of acid stimulation method.

Although an acid treatment model can provide some initial stimulation, it is still relatively difficult to
achieve stable production rate result [12]. Variable condition such as acid volume and concentration, during the
acid treatment method in carbonate reservoir, usually more difficult to control than in other reservoir type of
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reservoir, like dolomite [11]. Ameri et al. reported that the higher HCl concentration which contact to rock will
produce more significant effect on fracture damage [2]. However, Li et al shows the greater HCl concentration
will provide more challenge in termsto control in micro scale damage, leading to weaken the rock structure and
made it brittle [3]. They also suggested the acid system that should be chosen is the one that provide a wider
range of fractures or pores distribution, not because based on its magnitude of fracture damage. Based on those
facts, we used variations in HCI concentrations of 10%, and 15 % to observe the resulting impact on rock
properties (e.g., porosity and permeability). In this sudy, we investigate the relationship of rock propertiesto the
fluid flowrate through severa analysis such as RCA (Routine Core Analysis), Thin Section 2D Analysis, and
SEM Images. The permeability was calculated based on theoretical of Kozeny — Carman [13,14]. While Darcy
equation was used to caculate the fluid flowrate of gas that passed through the rock [15,16]. Moreover, fracture
is related to the rock-fluid properties that could influence on reservoir productivity because it could increase
permeability of a reservoir [17]. Therefore, more research is needed to investigate the effect of acid
concentration on rock properties and the resulting fluid flowrate, especially on changesin rock properties.

Samples were obtained from outcrop samples at Kutai Basin, East Kalimantan. The Kutai Basin carbonate
platform (Oligocene Berai Limestone) covers a subsurface area measuring approximately 11 by 16 km in the
westernmost Kutai Basin, Central Kalimantan. The Kutai Basin platform is approximately 1,000 m thick and
comprises of three aggrading seismic sequences identified by the downlap of basina strata a the platform
margin and downlap of transgressive strata within the platform. The platform rim is characterized by interbedded
bioclastic wackestones, packstones, grainstones and boundstones, with grainstones increasing toward the
platform margin [18].

In this work, we correlated the effect of changes in crysallinity (e.g., calcite content) and diameter of the
pore size distribution due to differences in HCI concentration. With the rock-fluid properties produced, the
determination of a more suitable acid system can be considered to be applied to the reservoir by considering the
crystallinity of calcite content so that the results obtained can be used to improve reservoir quality from the
aspect of rock-fluid properties.

2. Experimental M ethod
A. Samples Preparation

We collected severa carbonate samples (KR - 1 to — 14), which are crop out a the Kutai Basin, East
Kalimantan. We prepared the samples for severa analysis, 1) petrographic (thin section analysis), 2) Routine
Core Anadysis (RCA), 3) SEM Images Analysis, and 4) Acid Treatment. Prior to the analysis, acid treated
samples undergo washing procedure using DI water to neutralize the sample.

First, samples were prepared for petrographic analysis and were sectioned into blue dyed thin section of rock
at Obsidian Geo - Laboratory. The dimension of the thin sections is approximately 30 micrometers (um) in
thickness for 2D porosity analysis using an free software of ImageJ [19].

Second, sample was prepared as cylindrical cores for porosity and permeability measurement using RCA
method at Geoservice, Ltd. The dimension of core samplesis2 x 2 cm in length and diameter. Then, sample KR-
1 to 14 was crushed to smaller size and weighed about 2 grams before acid treatment. The same dimension was
also used in SEM analysis.

In this study, thin sections were scanned using EPSON LV - 600 Film Scanner with polarized film. Scanned
thin sections were used to observe the component of carbonate rocks (e.g., micrite, fossil) and were anayzed
using an ImageJ software under 8-bit thin section images. We use JPOR feature on image] software to calculate
the actual porosity of fresh and treated samples [20].

B. Routine Core Analysis

Before treatment, porosity of the sample was measured by Porosimeter - Permeameter instrument (AP — 608
Automated, Poretest System Inc.) using helium inert gas as fluid. Then, permeability before treatment was also
measured using the same instrument but with nitrogen inert gas fluid. This analysis method is generally referred
to RCA with the same principles as previous report [21].
C. SEM Images Analysis

We conducted SEM Images analysis to observe fracture in micrometer scale using Phenom ProX Dekstop
SEM Image. The operation condition was 15-kV at the magnification at 500x. This method was similar to what
has previously reported in the microstructure of shale [17].
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D. Acid Treatment

Samplesis heated in an oven with temperature of 120 °C for 1 hour, to model the actual reservoir temperature
[18]. The sample was immediately reacted with HCI solution at various concentration (10% and 15%) for the
acid treatment process. In typica preparation 81.08 and 54.05 ml HCl (37%, SmartLab) was dissolved in 200
mL digtillate water to make 15% and 10% HCl solution respectively. The rock sample then react with HCI
solution at volume 25 ml for 30 seconds at ambient pressure of 1 atm.

E. Theoretical Approach in calculating Permeability and Fluid Flowrate

After acid treatment, we use theoretical approach using Darcy and Kozeny-Carman Equation to esimate
permeability and fluid flowrate changes. Due to the limitation of the RCA and the availability of samples,
permeability (K) of each samples was cd culated using equation (1) and (2) [13,14].

K — c®?/S? (1)

1 g? 4 1
c= (4 cos(iarrros (0 = 1) + i") +4) (2

Kozeny-Carman factor (c) was obtained from equation (2), while the surface area (S) was obtained from
previous research about carbonate reservoir [14].

__KS (pa—p2)
Q o n L
©)

After permeability data is obtained, the fluid flowrate was calculated using the Darcy's Law as shown in
equation (3) [15,16]. Where p is the fluid viscosity and pressure gradient, (pl — p2)/L, was obtained from the
previous research a the Kutai Basin [22]. These reservoir scenarios and variable approach is used to calculate
the permeability and rate of fluid produced after the acid treatment by using a reference paper that is close to the
actual field conditions.

3. Results and Discussion

A. Sample Rock Properties Profile

Fig. 1. shows that sample has various range of permeability before acid treatment. We could observe that
samples are divided into 3 regions of range, depict by region (a), region (b) and region (c). Region (a) indicates
that there are some samples that has permeability far below than 1 millidarcy and the porosity below than 5 %,
these samplesare KR — 9, KR — 11 and KR — 14, so the region could classified as low — permeability reservoirs
[2]. Region (b) shows where most of the samples are located, these region ranging 0.5 — 2 millidarcy in
permeability and porosity 10% - 15%, this indicates that some of the samples has natural fracture that allows
pore opening to be formed because geological circumstances [23]. Region (c) shows there is a sample (KR — 5)
that overlapped from the rest region with permeability 4.7 % and porosity 23.5 %, that indicates in same type
reservoir we could have very broad range of permeability and porosity, although the rock components is
relatively the same, the amount of the contents are very depends on the location of sample obtained. But in
common, we could classified that these samples can be categorized as low — permeability reservoir because the
overall permeability of each sample doesn’t exceed 10 millidarcy [22].
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Figure 1. Porosity and permeability profile of the samples before acidizing treatment.

B. Thin section analysis

Based on Dunham's classification, three textural features fundamental in classifying carbonate rocks hold
their depositional texture. (1) Presence of carbonate mud, which distinguishes muddy carbonate from grainstone;
(2) Abundance of grains to subdivide muddy carbonate into mudstone, wackestone, and packstone; and (3)
presence of signs of binding during deposition, which characterized boundstone. The distinction between
packstone and wackestone can be seen in grain support and mud support. Packstone contains plenty of grain
support, while wackestone contains mainly mud support. The packstone's depositional texture is related to
crystalline carbonate content [24].

Fig. 2. showsthe thin section of the KR — 1 and KR — 9 before treatment. The white area of KR-1 shows that
the sample is dominated by fossil (1) and cora (5), which have turned into cacite after undergoing the rock
recrysallization process. In contrast, the brown one (3) is a matrix structure commonly caled micrite [24,25].
Thus, KR-1 is classified as packstone because it is dominated by calcite. It aso can be observed from Fig. 2b
that KR — 9 is dominated by brownish color, as indicated by number (2), which is called the micrite matrix. As
suggested by number (4), KR - 9 still contains a smal amount of cacite, then KR — 9 is categorized as
wackestone by its dominated micrite matrix [26].

Figure 2. Thin section image of (a) KR - 1 before treatment; (b) Thin section image of KR — 9 before treatment.
Fig. 3. shows that the thin section of KR-1 component components is calculated using ImageJ software, by
utilizing the difference in color thresholds displayed. The difference in color thresholds was clearly seen where
the red one is part of KR - 1 which is dominated by the micrite matrix. While those that are not red are fossils
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and corals that have become calcite [26]. Thus, based on the software, micrite matrix content in KR — 1 is
22.82%. The same procedure was applied to sample KR-2 to KR-14 and then micrite matrix content along with
calcite content were summarized in Table 1. Based on Dunham classification KR - 1 and 2 are packstone with
high calcite content (76.83 and 75.39 %, respectively). Meanwhile, KR-3 to 14 classifieds to wackestone with

lower calcite content.

Table 1. Summary of proportion of rock components before acidizing treatment

Figure 3. KR - 1 components analyzed by using ImageJ software.

sapiename | CROTL_| Quitve
Matrix | Calcite

KRC-1 22.82% | 76.83% | Packstone

KRC-2 24.22% | 75.39% | Packstone

KRC-3 37.68% | 61.73% | Wackestone
KRC-4 34.47% | 64.99% | Wackestone
KRC-5 33.31% | 66.17% | Wackestone
KRC-6 32.27% | 67.22% | Wackestone
KRC-7 31.35% | 68.16% | Wackestone
KRC-8 38.29% | 61.11% | Wackestone
KRC-9 37.84% | 61.56% | Wackestone
KRC-10 34.33% | 65.13% | Wackestone
KRC-11 38.08% | 61.32% | Wackestone
KRC-12 32.82% | 66.66% | Wackestone
KRC-13 39.68% | 59.70% | Wackestone
KRC-14 37.94% | 61.46% | Wackestone

Fig. 4. shows thin section of sample KR — 9 after 15% HCI treatment which has been given blue dye. As can
be seen in Fig. 4a. the blue color fills the voids in the rock which show the porosity of the KR — 9. Meanwhile
Fig. 4b. is a thin section that has been processed with ImageJ by using the difference in color threshold, the

amount of porosity will be represented by the red area. By using this method, the calculated porosity in KR - 9is

10%. Further analysis using same technique can be done to another sample and the result is presented in Table 2.

All sample show increasing in porosity by HCl 10% treatment due to pore opening. This might be due to the

decreasing calcite content as the result of carbonate reaction with HCI. Further increase in HCl concentration to
15% lead to the increase in porosity as corelated with calcite decreasing.

11
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Figure 4. shows Porosity of KR - 9 after HCI 15 % treatment using ImageJ. (a) Thin section of KR — 9 after HCI
15 % treatment before color thresholding. (b) Thin section of KR — 9 after HCI 15 % treatment after color
thresholding usng ImageJ.

Table 2. Porosity and calcite contents after acidizing treatment

Sample Porosity Cdlcite

Name HCI 0% HCI 10% HCI 15% HCI 0% HCI10% | HCI 15%
KRC-1 15.46% 24.52% 25.77 % 76.83% 51.07% 52.31%
KRC-2 10.86% 18.10% 37.34% 75.39% 57.29% 38.05%
KRC-3 15.02% 25.03% 43.83% 61.73% 36.69% 17.90%
KRC-4 17.36% 28.94% 44.08% 64.99% 36.05% 20.90%
KRC-5 23.49% 39.15% 40.56% 66.17% 27.01% 25.60%
KRC-6 14.33% 23.89% 38.67% 67.22% 43.33% 28.55%
KRC-7 13.24% 22.06% 27.54% 68.16% 46.09% 40.62%
KRC-8 12.23% 20.38% 30.63% 61.11% 40.73% 30.48%
KRC-9 3.00% 5.00% 10.00% 61.56% 56.56% 51.56%
KRC-10 11.54% 19.23% 33.25% 65.13% 45.90% 31.88%
KRC-11 1.79% 2.98% 4.92% 61.32% 58.34% 56.40%
KRC-12 10.41% 11.34% 18.90% 66.66% 56.25% 47.76%
KRC-13 16.37% 27.28% 51.60% 59.70% 32.42% 8.10%
KRC-14 2.07% 2.10% 2.54% 61.46% 58.49% 58.91%

C. Surface SEM — Analysis

Fig. 5a. shows KR-14 before HCI treatment which natural fractures has been observed (1). However open
pores are ill very small and far apart. After acidizing process Fig. 5b., we can see that the surface texture is
damaged after adding HCI due to the dissolution of calcite. Moreover, after addition 10% HCI, the new cracks or
pores began to form due to the dissolution of the calcite content by HCI. However, the distance between the
pores was till relatively far apart as indicated by blue circle (2). At higher acid concentration Fig. 5¢. and Fig.
5d., as indicated by number (3), the change in surface texture looks very significant compared to the sample that
treated by 10% HCI. Moreover, the new pores are larger compared to 10% HCI treatment and have varying szes
with fairly close distances. From Fig. 5d. depicted by number (3) we could observe that elongated fracture was
formed after acidizing treatment. This can happen because the dominance of soluble cacite is located between
the dongated fossil grains, so that when the calcite is dissolved, elongated fractures are formed.

Also, we could observe that SEM observation indicate that 15% HCI gave a significant change to sample
texture compared to 10% HCI. HCl 15% tends to form more pores, relatively larger in size and the distance
between pores is closer than the samples treated with HCl 10% which form poresthat are relatively smaller and
spaced apart. This can be explained because the sample by treating with 15% HCI have higher dissolution of
calcite compared to sample treated by 10% HCI. From the reaction stoichiometry, 15% HCI will have a higher
dissolving power than 10% HCI in higher temperature than 100 °C and pressure 1 atm where more calcite with
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CO2 gas is formed [5]. The presence of calcite will cause the cementation effect which closing the pores that
lead to poor productivity of the reservoir.

Figure 5. SEM Images of (a) KR-14 before acidizing, (b) KR — 14 after acidizing by HCl 10 %, (c) KR - 14
before acidizing, (d) KR — 14 after acidizing by HCI 15 %.

D. HCI Concentration effect on permeability

Fig. 6. shows the effect of HCI concentration on rock permeability. The rock sample before HCI treatment
has high calcite content, which is above 50%. While the permeability is relatively low, which isaround 0.1 - 5
millidarcy. The high calcite content in the rock will have a cementation effect, where the result of this
cementation is the closing of the poresin the rock thereby reducing its permeability. The datain red color shows
the rock samples that have been treated with 10% HCI. The calcite content begins to decrease because it is
dissolved in HCI, thereby increasing the permeability due to the presence of new open pores as confirmed by the
SEM analysis result. Meanwhile, the data in green color represent samples that have been treated with 15% HCI.
The permeability has increased higher than the samples treated with 10% HCI. This is because the amount of
calcite that decreases in the rock is getting bigger. The higher the concentration of HCI for acidizing, the higher
the permeability of the rock, so that 15% HCI is recommended to increase the permeability of the rock. The SEM
result also suggest that there is certain increase in the permeability of the rock because the porosty cavities
formed are interconnected. These indicate that an increase in permeability as a result of the acid treatment
process|[3].
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Figure 6. Effect treatment using HCI on various concentration on permeability.

E. HCI concentration on Fluid Flowrate Reservoir

The fluid flowrate is calculated using a theoretical approach such as the Darcy eguation [16] as shown in
equation (1) which was mentioned in the experimental section. The calculated fluid flowrate data is presented in
Fig. 7. This study uses severa variables from previous studies that are relevant to the Kutai Basin and other
carbonate reservoirs to calculate the fluid flowrate. The surface area data was obtained using the data presented
by Fabricius on the typical carbonate reservoir [14]. The fluid flowrate calculation was done using the
assumptions that fluid pass to the rock is inert nitrogen gas, which was aso used in RCA to measure
permeability [21]. The platform temperature at Kutai Basin is approximately 120 °C with pressure of 1 atm [18].
The viscosity of nitrogen gas is 0.000021681 Pa.s calculated from equation (4) which was used by Johannson
using similar operating conditions[15].

( r )n

M= Moy '

T
ref @

Where p is viscosity in this cases is nitrogen, T is temperature that used in this study ( 120 °C), Tref is
Temperature reference at 273.15 K and o is viscosity index as well as explained by Johansson [15], where they
studied the microporous flow on low - gas reservoir.
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Figure 7. HCl Concentration effect on fluid flowrate of the rock sample. The datain black color showsthe fluid
flowrate of the sample before being
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The datain black color shows the fluid flowrate of the sample before being treated with HCl. From this data,
the rate of fluid that can be passed by rocks is till relatively small below 100 Liter/Day, thisis due to the small
permeability of the sample because the pores of the rock are still closed by calcite. After acidizing treatment with
10% HCI (red color), the fluid flowrate begins to increase with increasing permeability due to dissolution of
calcite. The addition of 10% HCI formed a population of fluid flowrates that gathered in the range of 0.07 — 325
Liters/ Day as shown by red data with an average increase in permeability below 10%. The data also shows that
the fluid flowrate increases significantly as the permeability increases sharply. After treatment in 15% HCI
(green color), the variation of the fluid flowrate and permeability range in each sample, namely 0.09 - 809
Liters/Day as shown by green data. The difference in the range of fluid flowrate produced by 10% and 15% HCI
treatment, may occur due to the difference in pore size diameter resulting from the two acid concentrations as
well. After treatment in 15% HCI (green color data), the variation of the fluid flowrate and permeability rangeis
longer in each sample than after treatment HCl 10 %This is because sample treated by 15% HCI gives wider
distribution range of pore size diameter compared to rocks treated with 10% HCI as show on Fig. 7.

Fig. 8. shows pore size diameter distribution of 100 point taken from samples treated with HCI 10 % and 15
%. These porosity data was measured using Imagel to calculated pore size diameter from SEM Images as
similarly suggested by Rishi [27]. The samples treated with HCl 10 % has pore size diameter with the range of
3.93 - 45.97 um, where mogt of the pore size diameter are in 3 — 10 um. While samples treated with HCl 15 %
has pore size diameter within range at 6.5 — 144.1 um, where the most of pore size diameter are in 20 — 40 pum.
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Figure 8. Graphs shows (a) pore size diameter distribution of HCl 10 % treated samples, and (b) pore size
diameter digtribution of HCI 15 % treated samples.

Further data analysis revealed that the samples treated with HCI 15 % has average pore size 36.99 pm which
was higher than samplestreated with HCI 10 % (16.15 pm). These tell usthat there is difference on the pore size
digtribution after different acid treatment. Pore size diameter digtribution data shows that sample treated with
HClI 15 % gives wider fluid flowrate distribution range compared to sample treated with HCl 10%. The
comparison between green and red color data show that even with low - permeability, fluid rate can be
significantly increase with the wider pore size distribution. This might be due to the changes of surface texture or
pore size of the samples treated with higher HCI concentrations. The wider range of pore diameter distribution
will alow a larger amount of fluid to pass through it without having to experience a significant increase in
permeability [10]. The effect of the pore size on fluid flowrate is also explained by the Poiseuille equation that
relates permeability to pore sizein general:

_ mPrt

¢ 5

Where Q is fluid flowrate, P/L is pressure gradient along the area, r is pore radius and p represents the fluid
viscosity. The equation (5) tells us that amount of fluid passed through a materia will affect the size of the open
pores in the material [28]. This isin agreement with SEM showing 15% HCI will provide larger pores which
then have higher fluid flowrate compared to the 10% HCI treated sample.
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4, Conclusions

Based on this study, we conclude that HCl treatment give significant impact on carbonate reservoir
microscale damage and rock properties. We suggested that high HCI concentration will provide better increasein
permeability. In this case, HCl 15 % give permesbility increase better than HCI 10 %. From rock-fluid aspects,
HCI 15 % shows better results than HCI 10 % in increasing the fluid flowrate in reservoir samples. These
phenomena are caused by the dissolution of the calcite content of the reservoir which can reduce the reservoir
quality. Moreover, the study results shows that the pore size diameter also has significant effect on increasing
fluid flowrate. Where HCI 15 % provides a wider pore size distribution in rocks compared to HCl 10 %. These
lead to the higher gas fluid flow rate that can be passed on the sample after 15% HCI treatment than 10% HCI.
The findings of this study indicate that 15% HCI will provide good gimulation results in terms of changes in
rock-fluid properties. However, further studies are still required related to other variables that can be optimized
such as volume of HCI and acidizing treatment reaction time.

Acknowledgements.

We would like to gratefully acknowledge all staff of the Chemical Engineering Laboratory and Geology
Laboratory of Universitas Pertamina

Refer ences:

[1] H. Alam, D.W. Paterson, N. Syarifuddin, |. Busono, S.G. Corbin, Reservoir potential of carbonate rocks
in the Kutai Basin region, Eag Kaimantan, Indonesia, J. Asian Earth Sci. 17 (1999) 203-214.
https://doi.org/10.1016/S0743-9547(98)00047-6.

2] A. Al-Ameri, T. Gamadi, Optimization of acid fracturing for a tight carbonate reservoir, Petroleum. 6
(2020) 70-79. https://doi.org/10.1016/j.petlm.2019.01.003.

[3] N. Li, J. Dai, C. Liu, P. Liu, Y. Zhang, Z. Luo, L. Zhao, Feasibility sudy on application of volume acid
fracturing technology to tight gas carbonate reservoir development, Petroleum. 1 (2015) 206-216.
https.//doi.org/10.1016/j.petlm.2015.06.002.

[4] T.A.A.O. Ganat, Fundamentals of reservoir rock properties, Springer International Publishing, Cham,
2019. https.//doi.org/10.1007/978-3-030-28140-3.

[5] M.J. Economides, K.G. Nolte, Reservoir gimulation, 3rd ed., Wiley, Chichester, England; New Y ork,
2000.

[6] W. Wu, M.M. Sharma, Acid fracturing in shales: Effect of dilute acid on properties and pore structure of
shale, in; SPE Prod. Oper., Texas, 2017: pp. 51-63. https.//doi.org/10.2118/173390-pa.

[7] H. Sun, Advanced Production Decline Analysis and Application, Elsevier Science, Texas, 2015.

[8] K. Ling, X. Wu, H. Zhang, J. He, More Accurate Method to Estimate the Original Gas in Place and
Recoverable Gas in Overpressure Gas Reservair, in: SPE Prod. Oper. Symp., SPE, Oklaho, 2013: pp.
382-397. https://doi.org/10.2118/164502-M S,

[9] B.E. Bekbauov, Acidizing Process in Acid Fracturing, Eurasan Chem. J. 11 (2016) 159.
https.//doi.org/10.18321/ectj 310.

[10] R. Zhang, B. Hou, B. Zhou, Y. Liu, Y. Xiao, K. Zhang, Effect of acid fracturing on carbonate formation
in southwest China based on experimenta investigations, J. Nat. Gas Sci. Eng. 73 (2020) 103057.
https.//doi.org/10.1016/j.jngse.2019.103057.

[11] N.Li,J Dai, P.Liu, Z. Luo, L. Zhao, Experimenta study on influencing factors of acid-fracturing effect
for carbonate reservoirs, Petroleum. 1 (2015) 146-153. https.//doi.org/10.1016/j.petlm.2015.06.001.

[12] B.B. Williams, D.E. Nierode, Design of Acid Fracturing Treatments, J. Pet. Technol. 24 (1972) 849-
859. https://doi.org/10.2118/3720-PA.

[13] P.C.Carman, Flow of Gases Through Porous Media, Academic Press Incorporated, New Y ork, 1956.

[14] I.L. Fabricius, G. Baechle, G.P. Eberli, R. Weger, Estimating permeability of carbonate rocks from
porosity and vp/vs, Geophysics. 72 (2007) E185-E191. https://doi.org/10.1190/1.2756081.

[15] M.V. Johansson, F. Testa, |. Zaier, P. Perrier, J.P. Bonnet, P. Moulin, I. Graur, Mass flow rate and
permeability measurements in  microporous media, Vacuum. 158 < (2018) 75-85.
https://doi.org/10.1016/j.vacuum.2018.09.030.

[16] C. McPhee, J. Reed, |. Zubizarreta, Routine Core Analysis, in: C. McPhee, J. Reed, |.B.T.-D. in P.S.

16



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-1SSN: 2963-8577
Vol. 1, No. 1, August 2022, pp. 7-18

[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Zubizarreta (Eds), Core Anal., 1st ed, Elsevier, Amsterdam, 2015. pp. 181-268.
https://doi.org/10.1016/B978-0-444-63533-4.00005-6.

C. Lu, L. Ma, J. Guo, S. Xiao, Y. Zheng, C. Yin, Effect of acidizing trestment on microstructures and
mechanical properties  of  shale, Nat. Gas Ind. B. 7 (20200 254-261.
https://doi.org/10.1016/j.ngib.2019.10.007.

A.H. Sdler, S Vijaya, Depositional and diagenetic history of the Kerendan carbonate platform,
Oligocene, Central Kdimantan, Indonesia, J. Pet. Geol. 25 (2002) 123-149.
https://doi.org/10.1111/j.1747-5457.2002.tb00001.x.

C.A. Schneider, W.S. Rasband, K.W. Eliceiri, NIH Image to ImageJ: 25 years of image analyss, Nat.
Methods. 9 (2012) 671-675. https.//doi.org/10.1038/nmeth.2089.

C. Grove, D.A. Jerram, jPOR: An Image] macro to quantify total optical porosity from blue-stained thin
sections, Comput. Geosci. 37 (2011) 1850-1859. https://doi.org/10.1016/j.cageo.2011.03.002.

JH. Siles, J.M. Huitfilz, The Use of Routine and Special Core Analysisin Characterizing Brent Group
Reservoirs, U.K. North Sea, J. Pet. Technol. 44 (1992) 704-713. https://doi.org/10.2118/18386-PA.

H. Safrizal, Success Story of Flow Channe Fracturing for Weathered Basement Reservoir at Jabung
Block, in: Proc Indones. Pet. Assoc. 42nd Annu. Conv., Jakarta, 2019: p. E349.
https://doi.org/10.29118/ipal9.e.349.

T.D.V. Golf-Racht, Chapter 7 Naturally-fractured carbonate reservoirs, in: Dev. Pet. Sci., Elsevier, New
York, 1996: pp. 683-771. https.//doi.org/10.1016/S0376-7361(96)80029-X.

R.J. Dunham, Classification of Carbonate Rocks According to Depositional Texture, in: W.E. Ham
(Ed.), Classif. Carbonate Rocks, American Association of Petroleum Geologists, Tulsa, 1962: pp. 108-
121

H.T. Janjuhah, J.S. Girbau, M.K. Salah, An Overview of the Porosity Classification in Carbonate
Reservoirs and Their Challenges: An Example of Macro-Microporosity Classification from Offshore
Miocene Carbonate in Central Luconia, Maaysa, Int. J. Geol. Environ. Eng. 13 (2019) 308-316.
https.//doi.org/10.5281/zenodo.2702789.

E. Figd, Classifications of Carbonate Rocks, in: Microfacies Anal. Limestones, Springer Berlin
Heidelberg, Berlin, Heidelberg, 1982: pp. 366-382. https://doi.org/10.1007/978-3-642-68423-4 6.

Rishi Kumari, Narinder Rana, Particle Size and Shape Analysis using Imagej with Customized Tools for
Segmentation of  Particles, Int. J  Eng. Res. Technol. V4 (2015 247-250.
https.//doi.org/10.17577/ijertv4is110211.

J. Bryan, P. Eng, Fundamentas of Fluid Flow, in: Treat. Syst. Hydraul., American Society of Civil
Engineers, Reston, VA, 2008: pp. 53-79. https.//doi.org/10.1061/9780784409190.ch04.

Biographies of Authors

Agung Nugroho is lecturer at Chemical Engineering Universitas Pertamina.

Nur Layli Amanah isamaster student at the Department of Material Science and Engineering
National Taiwan University of Science and Technology

17



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering
Vol. 1, No. 1, August 2022, pp. 7-18

p-1SSN: 2963-8577

Hary Perdana Kamal is an alumnus of the Universitas Pertamina class, 2021

Syahreza Angkasa is researcher in Research Center Geological Resources
National Research and Innovation Agency

18



Vol. 1, No. 1, August 2022, pp. 19-34
p-1SSN: 2963-8577
DOI: 10.57102/jescee.v1il.7

JESTEE

Jourral of Emerging Suppiy Chain,
Clean Enevgy, and Process
Engineering

PURESHARE METHOD IN DASHBOARD DEVELOPMENT TO
MONITOR WAREHOUSE PERFORMANCE AT PT XYZ USING THE
COST PER CASE (CPC) PERSPECTIVE

Millenia Shinta Anggraeni®, Harummi Sekar Amarilies”
L.2Department of Logistics Engineering, Faculty of Industrial Engineering, Universitas Pertamina

Abstract

Warehouse costs contribute about 22% of the company's total logigtics
costs. Thus, a warehouse manager must have comprehensive knowledge of
costs and cost triggers in the warehouse to be able to minimize costs while
keeping customer satisfaction. One effective way to minimize warehouse
costs is by conducting the cogt analysis. Although PT XYZ is one of the
biggest Fast Moving Consumer Goods (FMCG) companies in Indonesa
applying one of the most comprehensive Enterprise Resource Planning
software, its existing warehouse management support System occupies
only standard Microsoft Excel. One of its warehouses, located in West
Java, is responsible for more than 147,000 pallets each day, and the
warehouse manager still uses Microsoft Excel with limitations in
displaying the required information, especially the information related to
the Cost Per Case (CPC) in every activity. Therefore, a template or
dashboard that can provide information related to CPC in the warehouse
is urgently needed. Given the importance of cost monitoring in the
warehouse of PT XYZ, this research aims to create a dashboard that can
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make it easier for companies to monitor warehouse performance from a
CPC perspective. The methods used in data collection consist of several
processes, namely interviews, observations, and literature studies. While
analyzing the needs of dashboard creation, this research uses the
PureShare method. Thus, the results are obtained in the form of a
proposed warehouse dashboard that can be used by the company to
conduct cost analysis by providing information related to CPC of every
activity in the warehouse, where the information presented on the
dashboard isin accordance with the company's needs.

Thisisan open access article under the CC BY-NC license

1. Introduction

Business competition in the current era of globalization is getting tougher. As a result of globalization, the
development of the business world will continue to experience socio-economic changes that are increasingly
broad, competitive, and complex, both in the company's internal and externa environment. This results in
obstacles and challenges that must be overcome by every company, thus requiring them to develop strategiesin
order to be able to compete with other companies. Of the various competitions conducted by the company, the
goal is to create an effective and efficient process in producing goods or services for distribution to consumers.
However, in reality, companies can't do all that to overcome them, so they choose shortcuts and conveniences to
compete with their competitors through supply chain management [1]. Supply chain management is the
integration of activities into three main streams, the first is sourcing, procurement, and supply management, the
second is material management, and the last is logigtics and distribution. Successful supply chain management
requires many decisions related to the flow of information, products, and money. Every decision must be made
to increase supply chain surplus or maximize value [2]. In this study, the authors focus on material management,
especialy warehouse management system that also includes the functions of forecasting, inventory management,
store management, stock storage, and the production planning and control.

Warehousing plays a major role in the supply chain. The role of the supply chain is to deliver the right
product, at the right condition, in the right quantity, to the right customer, at the right place, at the right time, and
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at the right price. Providing the right amount of product to cusomers depends on the warehouse's accuracy in
picking and dispatching a product. In order to be able to deliver to the right customer at the right place and time,
products should be properly labeled or coded and loaded on the correct vehicle in sufficient time not to exceed
the delivery time limit. In the right condition means that the product is ensured to |eave the warehouse clean and
free of damage [3]. The importance of the role of the warehouse in the supply chain urges companies to
continuoudy improve their systems so that operational activities in the warehouse are more effective and
efficient. Thus, it is necessary to find out what improvements will be made in order to increase productivity and
accuracy in the warehouse and reduce costs and inventory along with improving service to customers. This was
done because the warehouse cost contributed about 22% of the total logistics costs incurred by the company [3].
Thus, a warehouse manager requires comprehensive knowledge of all costs and cost drivers in the warehouse to
be able to reduce costs but still produce optimal customer service.

Decison making for every manager in the warehouse certainly requires accurate data in a that can be
obtained shortly while maintaining minimum business risk. Therefore, it is important for every manager to have
al the information in a fagt, intuitive, and fluent reading. One of the opportunities that companies can take
advantage of to support managers in decison making is the development of technology. This technology is
needed for the development of the company so that managers can see and analyze the handling codts in the
warehouse for each box. For that we need a system that can integrate all supporting elements in order to be able
to produce performance monitoring that allows management to be more effective and efficient [4].

Dashboard is a data visualization tool that provides information by displaying the latest conditions related to
organizationa performance in the form of key indicators or Key Performance Indicators, widely known as KPI
[5]. The dashboard created will assist companies in cost analysis by providing accurate information related to
Cost Per Case (CPC). CPC can be used to monitor the operational activities in the warehouse so that they arein
accordance with what has been planned and when there are processes that are not according to plan, it is
immediately known which areas and activities are seen from the cost sde. In addition, the purpose of cost
andysis is to be able to see opportunities to increase productivity and accuracy in the warehouse and reduce
production and distribution costs along with improving service to customers through improvements in the
warehouse such as changes of warehouse layout, improvement of order management, application of automation
or systems, sophisticated software in operational activities in the warehouse as well as other improvements that
can increase the company's gross margin. When the gross margin increases, the company will be able to invest
more in advertisement and marketing or to improve warehouse performance to handle more product effectively
toincrease sales.

Traditionally, there are two techniques to maintain a company healthy: increasing sales and reducing costs.
Codt reduction can be done after a comprehensive cost analysis is completed. The case study in this paper isthe
West Java warehouse of PT XYZ, one of the biggest Fast Moving Consumer Goods (FMCG) companies in
Indonesia. Although it aready implemented the comprehensive Enterprise Resource Planning software, for the
supporting warehouse management system, PT XY Z uses only standard Microsoft Excel application. It is quite
effective in recording and computing cogts, but it cannot meet the needs of managers to perform cost anaysis at
the warehouse, especially the Cost per Case (CPC) in each activity. It happens due to the limitations the existing
system has in displaying the required costs information. Considering the scale of PT XYZ West Java warehouse,
which handles more than 147,000 pallets, not less than 650 truckloads and dispatch volume of more than
480,000 cases per day, a smple but effective Microsoft Excel template in a form of dashboard is urgently
needed.

This research focuses on the preparation of the dashboard which aims to determine the Cost Per Case (CPC)
of each activity in the warehouse. This dashboard is also expected to make it easier for companies to monitor
warehouse performance from a Cost Per Case (CPC) perspective. This research also explains the flow of using
the dashboard to display the required information for the activities of West Java Warehouse that supplies the
demand of greater areasin Jakarta.

2. Methodology

This research was conducted using the following method:

A. Data Collection.
This method was carried out through several processes, namely [6]:

o Interview: A Question-and-Answer session with warehouse supervisor was done to obtain crucia
information related to the data needed to create a dashboard.

o Observation: Observations were carried out by analyzing data provided by the company, such as
product inbound and outbound volume data, fixed and variable costs data for each area and activity,
direct and indirect cost data, productivity data, and overtime data.
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e Literature study: This activity was done by exploring various research to obtain information related to
the dashboard and PureShare method as described in Table 1.

Table 1. Previous Research

Characteristics

Previous Research

Ilyas and
Setigji
(2021)

Lavrador Utomo
and and
Laureano | Sungkar
(2019) (2014)

Saputra,
Hendrawan
and Priand

(2013)

Sungkar,
Mustafid
and
Widyanto
(2011)

This
Research
(2022)

Resear ch Purpose

Productivity and Performance
M easurements

Customers data visuaization

Management Control System

Cost Monitoring

Resear ch Object

Students and faculty members at a
university

Hospitality service at a hotel

Medical record and healthcare service at
a hospital

Government ingtitution

Private, profit-oriented organization

Method

PureShare

Noetix

Qualitative, Explorative Interviews

\/

\/

From Table 1, it can be concluded that PureShare is a method commonly used to build a dashboard for
various purposes. It was applied to design the attendance monitoring system of students and faculty members at
a university, to keep the in-patient record as well as to measure the healthcare service at a hospitd, to evauate
employees’ performance at a government institution, and to compute the cost per case at a warehouse. PureShare
method uses top-down approach in the planning stage and bottom-up approach during implementation, but a
combination between PureShare and Qualitative, Explorative Interviews for cost monitoring at a private, profit-
oriented organization dashboard was applied in this research. The focus of this research is to prepare the
dashboard to determine the Cost Per Case (CPC) of each activity at the warehouse. This dashboard is aso
expected to make it easier for PT XY Z to monitor the performance of a warehouse in West Java that supplied the
demand of greater areasin Jakarta from a CPC perspective.

B. Theanalyss method is carried out using the PureShare method, where this method consists of several stages

which canbeseenin Table 2[7]:

Table 2. Stages of Research Work Based on PureShare Method

PureShare Method

Research Work Stages

Planning and Design

1
2.

Data Collection
Needs Analysis

a. ldentify the Purpose of Making the Dashboard

b. Dashboard User Identification
c. ldentify Dashboard Type

d. Determination of KPIsin the Dashboard

e. ldentify Dashboard Design Needs
f. Making Dashboard Layout Design

System and Data Review

3.

Identification of Data Needs and Sources
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PureShare Method Research Work Stages
Dashboard Prototype 4. Dashboard Prototype Making
Prototype Improvement 5. Testing or Trial Using Dashboard
Release 6. Company Use of Dashboard
Continuous I mprovement 7. Dashboard Updates and M odifications

3. Theoretical Foundation

This research raises several theoretical foundations as a theoretical framework, namely:
A. Supply Chain Management

The supply chain includes all parties involved directly or indirectly in meeting customer needs, not only
manufacturers and suppliers, but also transportation companies, warehouses, retailers, and even consumers. In
each of these organizations, for example in manufacturing, the supply chain includes all the functions involved
in receiving and meeting the needs of consumers. These functionsinclude, among others, the production process,
new product development, marketing, distribution, finance, and customer service. While supply chain
management is integration and coordination across departments and across companies related to the flow of
material, information, and money to transform and use supply chain resources in arationa way along the vaue
chain where there are activities on three main streams, including as follows[2]:

1. Sourcing, procurement, and supply management

These functions are part of the purchasing sector which has a fairly dominant role because of its impact on
cash flow and its contribution to company profitability. The company realized that efforts to increase profits
through increased sales were far greater than generating eguivalent revenue through reducing procurement costs.
Purchasing responsibilities relate to procurement and material management functions. Usually better known as a
series of activities, functions, and processes related to the procurement or flow of inputs into the company as
well as efficient control over the flow of funds out of the company. In the context of supply chain management,
this process includes sourcing, supply sde management, inbound logistics, and supplier relationship
management related to materia, information, and money flows that are interconnected with each other.

2. Material management

Classical material management includes functions of forecasting, inventory management, storage
management, warehousing, stock keeping, scheduling to production planning and control, then expanded and
developed into material management. Furthermore, it is better known as integrated materia management
because of the ordering process. Efficient material management is being implemented by companies as away to
reduce expenses and increase profits, this is because 60% of the production cost of a product is material costs.
Merging purchases provides an opportunity to reduce material input costs. Severd techniques in materials
management focus on reducing the total cost of inventory at the lowest possible level but not neglecting the
service level. In relation to supply chain management, it is considered the management of the flow of materials
out, throughout, and for the company.

3. Logistics and distribution

Logigtics is part of the supply chain management process from planning, implementing, and controlling the
effective and efficient storage and flow of goods or services, money, and information from the point of origin to
the point of degtination to meet cusomer needs. The distribution function that Peter Drucker identified as
"today's frontier" is synonymous with logistics. Meanwhile, transportation is the backbone of logistics because it
contributes up to 50% of the total logistics cogts. This makes the company pay specia attention to creating
efficient transportation management by developing practices related to transportation that involve all modes
(multimodal). This can be evidenced by the development and growth of the handling and movement of
containerized cargo around the world. The existence of a tradeoff between the choice of transportation mode and
inventory policy causes integration and logistics to appear as cross-functional. An approach that integrates all
materials, purchasing functions, purchasing management, production control, inbound movement, warehousing,
and quality control with the aim of ensuring efficient operations. In this case, logistics is considered as an early
avatar of supply chain management.

In the context of supply chain management, logigtics is the end of a network of flow of goods or processes
from raw materials to finished products to the hands of consumers, which is commonly referred to as inbound
and outbound logistics. In manufacturing logistics, the flow of materials between companies gives this discipline
a wide range of material movement from end (producer) to end (consumer) at every stage of industry and
business in the distribution of value to customers. Thus, supply chain management has emerged as a strategic
integration and business practice covering the flow of goods/services, money, and information across networks
that provide vaue to customers.

Based on the description of the three main activities, it can be concluded that supply chain is the physical
network, while supply chain management is atool, method, or approach to manage it. [8]
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B. Warehouse

The role of the supply chain isto deliver the right product, in the right quantity, to the right customer, at the
right place, time, condition and price. Warehouse has an important role in the supply chain. Delivering the right
product with the right quantity highly depends on the accuracy of the picking and dispatching processes in the
warehouse. Delivering the product to the right customer at the right place and time means that the product must
be properly labeled and loaded on to the right vehicle in sufficient time span to meet delivery deadlines. Whilein
the right condition means that the warehouse must ensure the product is delivered in good condition or without
damage. Finally, at the right cost means that operational activities must be efficient so that they are able to
provide value to the product at the appropriate cost.
According to Meyers and Stephens (2002), the warehouse is a place to gore products, both raw materials and
finished goods. Meanwhile, according to the Warehousing Management Ingtitute (2008), a warehouse is a
storage place that has a function to store inventory before further processing is carried out. [9]. In the book
Warehouse Management by Gwyne Richards (2011) it is explained that the warehouse is a place for storing
stock by adjusting between supply and demand or acting as a buffer between producers and consumers. So, it
can be concluded that the warehouse is a temporary place to store raw materials for use in the manufacturing
process as well as finished goods that are ready to be distributed.
There are several activities carried out in the warehouse, ranging from inbound to outbound processes, where the
processes in the warehouse can be seen in Fig. 1 and the following are some of the main activitiesin it. [3]

1. Receiving. This is the most important activity in the warehouse. This activity condsts of receiving
goods, checking the suitability and condition of goods (checking), to determining the quality of goods
(accepted or rejected).

2. Putaway. Thisactivity covers distributing goods from the receiving area to storage or racking locations.

3. Storage. Thisisan area at a warehouse that is divided into storage for raw material s and finished goods.

4. Picking. This activity involves taking goods according to consumer demand from the storage area to be
collected in the dispatch area.

5. Digpatch. It is an activity of consolidating goods according to customer requests and then carrying out
the loading process on the transport vehicle complete with the preparation of documents for delivery of
goods.

Figure 1. Warehouse Processes

Operational activitiesin the warehouse cost an average of 1% - 5% of the total cost of sales depending on the
type of company and the value of the goods. Meanwhile, costs for warehousing activities account for up to 22%
of the company'stotal logistics costs. [3]. The costsincluded in warehouse operations can be seen in Fig. 2. The
existence of various types of costs ranging from storage, handling, to overhead costs exposes a warehouse
manager to comprehensive knowledge regarding all costs that trigger expenses in the warehouse in order to
perform cost analysis and minimize cost without reducing the quality of services.
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Figure 2. Simple Warehouse Cogt Tree

Miscellaneous

C. Cost Analysis

Cogt analysis according to Stock and Lambert is the basis of integrated | ogi stics management to minimize the
costs of transportation, warehousing, storage, ordering processes, and information systems by achieving the
appropriate level of customer service. The purpose of cogt analysis is to examine the effect of each alternative
improvement on the company's total logistics costs [10]. By knowing the effect of aternative improvements
based on cost anaysis, the results of the analysis can be used for decision making by managers through cost
comparisons or other cost components.

D. Activity Based Costing (ABC)

Activity Based Costing (ABC) is an approach to allocate additional costs or other costs that often appear
outside of the previous plan to several sets of activity costs and then assign these costs to products and services
through cost drivers or factors that have an impact on changes in the total cost level. For example, companies can
track the costs of setting up or setting up machines for each batch of a production process. Then the company can
allocate a portion of the total set-up cost to a particular product based on the number of set up required by the
product. [11]

E. Dashboard
Dashboard is basically a new name for an executive information system which was first developed around
1980. After going through a series of studies and having experienced a hibernation phase due to the support
method for providing data, namely data has not evolved to provide a data handling methodology, Few (2006)
defines dashboards as a visual display of important information the company needs to achieve a goa. These
displays are consolidated and arranged into one screen so that the information to be conveyed can be monitored
in one view [12]. There are four main criteria that must be owned by a dashboard, including the following [13]:
1. Combinerelevant business information and present it in a unified view.
2. Information submitted must be accurate and timely.
3. Provide secure access to sensitive information. The dashboard must have a security mechanism so that data
or information cannot be accessed by unauthorized parties.
4. Dashboard is able to provide comprehensive solutions to the main problems that need to be addressed.

According to Few (2006), there are 6 categories of presentation formsin the dashboard, including:

1. Graphics
In genera, the type of data on the dashboard is quantitative data, so most dashboard presentation media use
graphical form. Several types of graphsthat can be used in the dashboard are bullet graph, stacked graph, bar
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chart, line graph, combination bar and line graph, sparklines, box plots, scatter plots, treemaps. All types of
graphs, except treemaps, are two-dimensiona with the x and y axes.

. Figures

Images on the dashboard can be used to display things that need to be displayed in the form of images, such
as faces, room conditions, and others. The use of images such as illugrations, photos, and diagrams are
sometimes useful in the dashboard, but in practice thistype of image is fill very rarely used.

. lcon

Aniconisasmpleimage that can be used to describe a simple function.

. Drawing objects

Drawing objects is a combination of several types of dashboard presentation to present information in a
structured manner so that it can provide information properly. One example of drawing objects is a
combination of graphic and text types.

. Text

Each type of dashboard must have information that can only be displayed in text form. Text can be placed
somewhere as a caption or information or used to provide alabel that identifies the item in the image.

. Organizer

There are three types of organizers on the dashboard, namely spatial data, tables, and small multiples. Where
the information presented by the table is information arranged in rows or columns, either in the form of
images, icons, or text. Spatial maps are used to provide information in the form of geographic maps. While
small multiples present information congisting of one row or column with a graph, or severa rows and
columns arranged in amatrix.

According to Eckerson (2006), based on the level of management it supports, dashboards can be grouped into

three parts, namely, operational dashboards, tactical dashboards, and strategic dashboards. The explanation of
each dashboard can be seenin Table 3.

Table 3. Types of Dashboards Based on Management Level

Criteria Operational Dashboard Tactical Dashboard Strategic Dashboard
. . . . Provide information to
P:gl\gt(;igl ggg?;g?;zn Provide information make business decisions,
Function needed to find out the predict opportunities, and
that need to be responded f ide direction f
t0 quickly reasons for an event provide direction for
achieving strategic goals
Measurement of high-
o - Determine the cause of level performance and
Monitoring activities and . o |
Focus acertain condition or achievement of the
events that change constantly ; R i
event from an analysis organization's strategic
goals
. . Theinformation
. The_ informatl on presented Designed to interact presented is not too
Presentation isvery specific and : .
. ; with data such as detailed, so the
of detailed through simple, X LY
. ; drilldownsthat allow mechanism issimple,
Information easy-to-understand media, avzed g d. and
and there are dlert facilities users to analyze data easy to understand, an
graphical display
Data . : Does not require real Does not require red
Requirements Dynamic and real time time data time data

F. Key Performance Indicator (KPI)

Monitoring activities can be carried out properly if the information displayed on the dashboard is in
accordance with the solution to the problems faced by the company. Therefore, Key Performance Indicators are
used to formulate key indicators for the problems encountered, so that the information displayed is effective and
can overcome company problems. [14]. By definition, KPIs are financial and non-financia metrics that can help
an organization, or a company determine and measure progress towards the organization's or company's targets
[15]. In smple terms, KPIs are quantitative indicators that can be used to analyze and eval uate the effectiveness
and efficiency of the current and future performance of an organization or company. Performance evauation is
carried out to measure and determine the performance of various levels (organization, process, and people) so
that it can be seen the comparison of expected and observed performance to aign tasks with the strategy and
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goals of the organization or company. The monitoring process also aims to maximize the chances of success in
achieving the commitments set out in the strategic plan of activities and the company's annual budget. The
selection of indicators that will be used as performance measurements must consder several requirements,
including selectivity, representation, simplicity, cost reduction, stability, experimental approach, external
comparison, accessibility, and continuous improvement. There are severd indicators that can be used in
management, generaly divided into main types, namely financia and non-financial, which are used to define
each objective, calculation formula, result, goa, deviation, performance, evaluation. [4]

G. PureShare

The PureShare method was developed by the PureShare vendor to facilitate projects related to the
management and measurement of organizational performance, including the construction of dashboards. [16].
The following Fig. 3 describes the stages of the PureShare method [17]:

Figure 3. Stages of PureShare method

During the planning and design step, the dashboard developer must gather information regarding users’ needs
to determine the key features that will be displayed on the dashboard. After key features are firm, the system and
data review stage are carried out with a bottom-up implementation approach, ensuring the indicators of data
quality, data source and how to access the data.

Creating a prototype design involves both top-down and bottom-up approaches simultaneously. This stage is
done to prove an overview of the final appearance and interface of the dashboard. The prototypeis then reviewed
by the developer and users. Feedbacks are treated as references to dashboard further development.

When the dashboard is complete, a release is mandatory to ensure that every user of the dashboard get
enough exposure regarding the new dashboard and eventually usesit effectively.

A continuous improvement of the dashboard is mandatory since it needs to be adjusted as what the users
need.

4. Resultsand Analysis

This dashboard development research was completed during three-month internship and the company found
it useful to compute and monitor CPC at the West Java Warehouse. This chapter describes the stages of creating
a dashboard using PureShare method that also involves in-depth interviews with the users. After the dashboard
was completed, it was released to the users, and it got various suggestions for improvement, especialy in terms
of integrating the executed data to the existing ERP module.

Following PureShare method, the dashboard development was as follows.

A. Planning and Design
At the planning and design stage, the developer must understand the user's needs and be able to determine the
key features that will be displayed on the dashboard. Therefore, data collection was carried out using several
methods to determine user needs. In conducting a needs analysis, it is necessary to identify the purpose of
manufacture, users, types, and needs of the dashboard design, as well as determine the KPIs in the dashboard.
1. DataCoallection
Data was collected using interviews, observations, and literature studies as a source for the authors in
identifying relevant indicators to be displayed on the dashboard as a source of information for users. In
addition, data collection is needed to find out the data needed in making the dashboard.
2. Needs Analysis
At the planning and design stage, there are several activities to analyze dashboard needs, including:
a. ldentify the Creation Purpose, User and Dashboard Type
The purpose of making this dashboard isto assist companiesin obtaining important information related to
handling costs per box for each activity in the warehouse in an attractive and easy-to-understand visud
form. This dashboard is used by warehouse managers to conduct cost analysis on warehouse operations to
find out the cost of handling each box for each month. So that the dashboard used is included in the type
of operational dashboard.
b. Identification of Business Processes and Calculation of Cost Per Case (CPC)
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The company's business processes start from production carried out at the factory, then the products are
stored in the warehouse for further distribution to customers. The business process of the company can be
seen in a simpler way in Fig. 2. In carrying out its business processes, there are costs incurred by the
company. One of the cost components incurred by the company is the handling cost per box or CPC
obtained from the quotient between the costs incurred by the company for activitiesin the warehouse and
the volume handled on the activity. The following is an example of calculating CPC for putaway activity
in April inWH 1.
CPC = Cog/Volume

= | DR 400,000,000.00/16,000,000 cardboards

= IDR 25.00 per box

3. ldentify Relevant KPIsfor Users (Warehouse Manager)
Based on the results of interviews, observations, and literature studies that have been carried out by the
author, the KPI's can be grouped into two dimensions to make it easer for users to understand the information
displayed on the dashboard. The following are KPIs used to display information related to Cost Per Case
(CPC).

a.  Warehouse Volume
It isan indicator obtained from the volume of inbound and outbound productsin the warehouse.

b. Cost Per Case
It isan indicator that is obtained from the calculation of cost per activity data divided by inbound or
outbound volume.

4. Identify Design Needs and Create Dashboard Layout Designs
After carrying out the previous stages, identification of design needs and the creation of a dashboard layout
design are carried out by identifying the form of visudization that you want to display from each
information. The form of dashboard visualization can be seen in Table 4 below.

Table 4. Dashboard Visualization Forms

No. Information Form Visudlization
1 Warehouse Volume Bar Chart
2 CPC per Activity Bar Chart
3 CPC Comparison Bar Chart
4 Quartal Table

B. Systemand Data Review

The next stage is a system and data review to identify the data sources used. The data must be in accordance
with the needs in making the dashboard.

After identifying the relevant KPI requirements for users at an early stage, the next step is to determine the
needs and data sources as input on the dashboard. Identification of data sources for each KPI can be seen in
Table 5.

Table 5. Identification of Data Sources
No. Key Performance Indicator (KPI) Data Source
1. Warehouse Volume Inbound/Outbound Volume Data
2. Cost Per Case Data Resume CPC Warehouse

C. Prototype Design
In the third stage, prototype design was carried out using Microsoft Excel software.

1

Data Cleaning
This step is mandatory since not all the data obtained from the company is needed and not all dataisin
the right format of table, so it should be organized and sorted following the arrangement that has
already planned for the dashboard.
Data Processing (Dashboard Creation)
This process was carried out to process data so that the information presented on the dashboard is in
accordance with the company's needs. There were several stages in creating a dashboard, including:
a. Creating Sheetsin Microsoft Excel and Data | nput
The firg step in creating a dashboard in Microsoft Excel is to create a sheet according to what the
user needs. In this warehouse dashboard, 20 sheets were made, ranging from dashboard display
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sheets, instruction sheets, to sheets for data that need to be inputted. The display of the instruction
sheet and several sheet names on the warehouse dashboard can be seenin Fig. 4.

imemn 10 Jata every month by Sae

'tht R ,-.m the summary on ABC Costing, sspecially far despatc® activity on wariable costy
biling ABC Jpda casting tor ak Sies.

’lu g Update #c varable ¢ tmed on actusl data

|OT Warehowse & Factory |Upda e Total OT data every month by and category based on acal cata

ilnaul Dats Jpdate Dt & I (u\x anvdd prody selivity Based on ABC covting

crc

Hava Update dats Baved oo data from lee

[Non-A8C

Figure 4. Ingruction Sheet Display

The required input data were incoming and outgoing goods volume data, fixed and variable costs in
each area of the warehouse, ABC monthly invoices, actual costs for fixed and variable costs, total
costs and overtime hours, direct and indirect costs, productivity of handling equipment. materials,
and monthly hills for non-ABC expense groups.

b. Calculation Process
After dl the required data were met, the next step wasto carry out the calculation process to present
the required information. The first calculation was to determine the percentage of fixed and variable
costs in each area of the warehouse. The second was to determine the volume of inbound and
outbound that could be handled during overtime for each month. The third was to determine the
percentage of direct and indirect costs incurred by the company for handling cardboard and pallets
in each area. Fourth was to determine the percentage of costsincurred by the company for the use of
material handling equipment based on its productivity. The last was to calculate the handling cost
per box for each activity, both fixed costs and variable costs for the ABC group, such as direct costs
which were divided based on expenses in each area of the warehouse and indirect cods such as
adminigration, management, and others. Meanwhile, for the non-ABC group, the handling fee per
box was calculated for each group of expenses such as rental fees, minimizing the risk of Covid-19
transmission, eectricity, water, employees’ meals, and others. The following is an example of a
calculation to determine the percentage of fixed and variable costs in each area of the warehouse
with the percentage of other areas can be seenin Fig. 5.
% Picking (fixed cost) = Picking (fixed cost)/Total fixed cost x 100%

= Rp 25,968,872.164/Rp 195,517,891,074 x 100%

=13,282%
e e B ]
Total | (X 5 | Freed | e | v.\rub! | % |
1% Recening Unioading 9,625.744.034 | 6325% £.763.980.359 | 799IN ’Solhh:u- 22 1

[ l :v,\, wing :l hecking 1 HR §95 7\11‘: 1 :4714: - P 0 lir\ ] 1738 8% ’u» )1._2“.'_:
2 [P in / Out & Storage Putaway 17.171.209223 | |LI8E | 6.206.597.294 | 7438% | 10874 701930 | 16117%
3 |Picking [Picking | 41.809.342.565 | 27,484%  10.186.359.123 | Tk | 3 623083438 | 468664 |
[ "8 |oessancn [Loading _ | 21612.894713 | 14,207% | 18.137.830.599 | 21427% | 347 150% |
4 |Despatch Cﬂrn e | 4.558. H‘l (\; 32¢ U 0.000% 34y |

5 [Returns [Returns & Othr | 5.0R7.930.951 | 4504% 2093809846 | 3419% | r.‘ni 130.904 | 6.068%

6 |Administeation B Genersl  |Admnstration & Germesal | 12.835,350.593 | BA% | 12,835,350 393 | 15.163% | T o] a000%
7 [Site Costs [Site Costs | 12136115189 | 7971% | 12126116185 | 14.325% | | gocon |
B |Management [Managemant | 1aB57.086294 | :5::33'. 14657 'w.au 17.315% | | aooow |
3§ |MisceSaneous Other [Miscelianeous Other | B001756.266 | S6%a% | 752703213 | OfEYA | 7.849.007.083 | 11,632% |
Total 152.125.306.965 | 100% | B4.649.839328 | 100,000% | 67.475.457.641 | 100.000%

Figure 5. Percentage Display of Fixed and Variable Costs for Each Areain the Warehouse

c. Creating Graphics
After the required data was collected and data processing had been carried out, the last step in
making the dashboard was to create a graph. The graphing was adjusted to the results of the analysis
of the company's needs. The results of the dashboard design that have been made can be seenin Fig.
6.
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Figure 6. Warehouse Dashboard

At this stage, improvements were made to the dashboard obtained from the results of testing or trias
by users. The trid phase was carried out to ensure whether the dashboard made was in accordance
with the company's needs or there were things that need to be improved. The initial display on the
dashboard only presents information on handling costs per box or CPC for each activity in the form
of simple tables and graphs for the ABC group as shown in Fig. 7, while for the non-ABC group
only information on handling costs per box for each expenditure group such as covidl9,
depreciation, fixed costs, maintenance, and others as shown in Fig. 8. Therefore, a prototype
improvement for the ABC group was made to make it more user friendly and make it easier for
users to anayze the results of data processing presented. Improvements for non-ABC groups were
not possible if done at this time because the existing data was not able to accommodate for

dashboard creation.

fwore I DwTAT ] Teesa ] RN WM0|  OE0G|  aemoe]  DIwae AN | wsIa|  Jedav.es|  (beson | 1Esaaes |
b-mn " ‘\)l')A 11 -".J“. " 'fl),'k IV_¥'N$‘ l.'.’]‘.]. Illﬂl("‘ l‘l‘fx‘l 11 002 "" I|3‘5Em‘ l"._’l 1."" Illxrl'.ll' " f) "J.
S it JEEid A 20307 4 11 5 0m) X H 14300880 036074 A 3680 67 ) FTL A 11634 W08
WO ACTUA $ - - §
[ | s sl asiam ] owes Shwides | ARSI | ladehass Biaaciee| G| ledmeees | Lo e |
ey 15 4 i LT YN Ty T TS 0 P I TR U T T T T T ) R Y7 T T T T e
DR iramine | ascradn|  dRwosna | RN | (R AARAGE|  IRASIATL]  PIawiwl| ST WEA | R MEAA | Prea il e bean | e eemd |
VOLUME RITUS » OT
Rl = 19 X4 45 141 1) 535 00 1525 75 T AT ™ 11 M 002 14 25550 13 A5 3% 1407 W1 14I1m 11 95500 11 w0337
Detnns T1TRNan | eI | (saeoen | lAdAmz|  iMTTII|  1INAA%E] 116 | IS0 JAMmos|  Liemant|  11M0an | 11eshio|
I tiecws | iReiAir|  SASMSN | I9STANT | IRIw0od| 17 3004Me | WO | DN GEMESS | DTeMIM | TRAMASD | s |
[T [ N L ] | ] i | i i | i | )
| oA | | ur ar L COl W e N | | - o
| O O Al | e s - s “r | i - | - - ot
DCLERY TN i « ™ b - o e w n L LIS
A dx A ¥ " “ 1
S P & 17 u u " wm - - u o - m
EPC bt - o o Ll e an
et [ TaaaTTas | TSN Se0TIIN | A9 | sASMIN|  Teawss|
Cutnant | WG| WA N4l A daim) | GHOMET | WeIN07| ML
CFC Dnghonishement o -
szzwereame BT | | | 1
CPC bt & Darwinc e s B o
Suasm § Durd: DY 5 ) T3 [ ]

Figure 7. CPC Display Before Repair
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Figure 8. Display of CPC inthe Non-ABC Group
Release

When the dashboard had passed the testing phase and improvements have been made, the users
could start using the finished dashboard after several simple training following the manua (process
flow) as shown in Table 6.

Table 6. Stepsto Complete the Dashboard

Sheet Action Status

Volume Update volume data every month by Site.

Check the data, whether it isin accordance with the summary on
ABC IABC costing, especialy for dispatch activity on variable costs,
the cogt is split into loading and checking.

Monthly billing [Update monthly billing ABC based on ABC costing for al

ABC Sites.
. |Update fixed and variable costs based on actual data from
Good Receipt i
inance team.

Overtime  |Update Total overtime (Hour and Vaue) data every month by
Warehouse [Site and category based on actua data from 3rd party logistics.

Update direct & indirect cost and productivity based on ABC

Input Data icosting to find out the percentage of cost usage by area.
CPC -
Java Update data based on data from Java Y TD (Y ear to Date).
Non-ABC |

Users must complete all sheets in Microsoft Excel so that they can see the required information on
the dashboard. The 'Status' column is a description of filling out the sheet required by the user.
Continuous I mprovement

Several updates and modifications were carried out to adjust the dashboard as needed by the users,
such as the expense identification for the non-ABC section. It was added to enable the identification
and calculation of expensesthat were not included in the non-Activity Based Costing group.

Results and Analysis

Based on the results, after severa adjustment, the dashboard can be effectively used by PT XYZ to
compute the Cost per Case (CPC), so the company can do a cogt anaysis and monitor the
operational activities in the warehouse. This CPC iscrucial, since it checks whether the activities are
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done in accordance with what has been planned and to see opportunities in an effort to increase
productivity and accuracy in the warehouse along with improving service to customers through
improvements in the warehouse, such as layout changes, order management repair, application of
automation or sophisticated software systems in operational activities in the warehouse as well as
other improvements that can increase the company's gross margin. The increase in gross margin can
be used by the company to invest in product development or to improve the warehouse so that more
products are handled and in parallel can increase sales.

In order to perform a cost analysis, the company must know the description of each chart on the
warehouse dashboard. The following is a chart description based on the warehouse dashboard to
monitor CPC:
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Figure 9. Warehouse Volume
The diagram in Fig. 9 is a comparison of inbound and outbound volumes in the warehouse for

planning volume, actual volume, and actual volume in the presence of overtime. The display on the
dashboard can be set for each month or every quarter.

Figure 10. CPC per Activity Each Month

The diagram in Fig. 10 shows the cost per case for each activity in the warehouse, from inbound to
outbound activities. The display on the dashboard can be set for each month or every quarter.
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Figure 11. Comparison of CPC
The diagram in Fig. 11 is a comparison of Cost Per Case (CPC) in the warehouse for severd

categories including, CPC plan, actual CPC, and actual CPC with overtime. The display on the
dashboard can be set for each month or every quarter as described in the following Table 7. In
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addition, thereis also adisplay of the difference in CPC for each category each month which can be
adjusted by setting the month panel and warehouse information.

Table 7. Quarter
The information is displayed Quarterly (Q)
Quarter Remarks
Q1 January to March
Q2 April to June
Q3 July to September
Q4 October to December

Figure 12 is a panel for tracking what data users want to display. There are descriptions of volume,
month, cost, and warehouse.

Volume WH %= N7  Volume Y= 57  Bulan = N4
Volume WH 1 Volume WH 2 Inbound 1 2 3 4
Volume WH 3 Volume WH 4 Outbound S 6 7 8
Volume WH 5 Throughput S 10 § 11 § 12

CPCWH = 57 says = 57 Bulan Y

CPCWH1 | CPCWH2 | CPCWH3 Fixed Actual Fixed Plan IO 4 |5 |6
CPCWHA CPCWH S Variable Actual Variable Plan 7 8 B 10 11 12

Figure 12. Tracking

When the dashboard was presented to all users, they found it very useful and came up with severa
improvement ideas. This dashboard is effectively used by PT XYZ to compute CPC as the bads for cost
optimization as well asto provide the input data for the existing ERP module.

5. Conclusions and Suggestions
In this chapter, conclusions are drawn on the research that has been carried out and suggestions for the
development of further research related to dashboard design are carried out.

A. Conclusion

Since warehouse is really important in the whole supply chain, continuous improvements in warehouse

operational activities should be done more effectively and efficiently. Given the importance of monitoring

costs in the warehouse of PT XYZ, this study aims to create a dashboard that can make it easier for
companies to monitor warehouse performance from a Cost Per Case (CPC) perspective. Based on the results
and analysis that has been done, conclusions can be drawn from this practical work research, namely:

1. Thebusiness process a PT XY Z starts from production to distribution with the CPC calculation obtained
from the quotient between the costs incurred by the company for activities in the warehouse and the
volume handled for these activities.

2. The process of creating a dashboard to find out the Cost Per Case (CPC) of each activity in the warehouse
so that the information presented on the dashboard is in accordance with the company's needs is through
three stages, namely making Microsoft worksheet creating and data input, performing the calculation
process, and lastly is creating graphs.

3. Before using, the dashboard must pass the testing phase and be repaired. After passing this stage, the
dashboard can be used by following the process flow of using the dashboard so that it can display
information according to company needs. The process flow or steps can be carried out by completing the
required input data as shown in Table 6.

4. Based on the results of data collection and processing, the results obtained in the form of a proposed
warehouse dashboard that can be used by companies to perform cost analyss by providing information
related to Cost Per Case (CPC). The purpose of conducting a cost analyss from CPC is to monitor the
operational activities in the warehouse so that they are in accordance with what has been planned and to
see opportunities in an effort to increase productivity and accuracy in the warehouse aong with
improving service to cusomers through improvements in the warehouse.
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Suggestion

Suggestions for further research on similar topicsin the future are asfollows:

1. Developers can consider other dashboard design methods such as the Noetix method, Brightpoint, or
other new methods such as the Dashboard Devel opment Methodology.

2. Thereisa need for development in terms of graphics and appearance on the dashboard to make it more
user friendly and easy to understand.

3. Dashboard not only displaysinformation related to CPC for ABC group but aso for non-ABC group.

4. Adding filter data such as time and location on the dashboard so that the presentation of information can
be more dynamic and tailored to user needs.

5. A module can be designed that contains a guide for users to follow up on every possible output generated
by the dashboard. For example, when an error occurs in the output or when producing a number on a
certain indicator, it can be explained what the purpose of the output is and what follow-up should be
done.
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Abstract

Membrane technology is an emerging alternative in water
treatment. This study aims to synthesi ze a filtration membrane made
of polysulfone polymer with the addition of ZnO in order to
enhanced the membrane antibacterial/antibiofouling property. The
membrane was manufactured via Non-Induced Phase Separation
(NIPS) phase inversion of the polymer cagsting solution. The
composition of ZnO was varied into 0%, 0.5%, 1%, 2%, and 3%.
The results of the membrane synthesis were characterized using
Fourier Transform Infrared Spectroscopy (FTIR), Scanning
Electron Microscope (SEM), pure water permeability test, and
selectivity test with a turbid meter. The hydrophilic properties of the
membrane were analysed by measuring the contact angle, and the
antibacterial characteristics were analyzed by the disc diffusion
test. Analysis by FTIR showed the presence of a sulfone functional
group (S=O) derived from polysulfone polymer and a methyl
functional group (C-H) derived from PEG. SEM analysis showed
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that each variation of the polysulfone membrane had an upper
surface structure that was close to the honeycomb sructure. The
pure air permeability test shows that the membrane is porous and
able to pass through pure air. Selectivity test with a turbid meter
showed that the membrane is selective to the feed stream that
passes through it. Analysis of contact angle measurements showed
that the polysulfone membrane surface was hydrophilic.
Antibacterial activity analysis showed that polysulfone membrane
had antibacterial ability with the largest zone of inhibition with a
value 1.8 mm n the membrane with the largest concentration of
Zn0.

Thisisan open access article under the CC BY-NC license

1. Introduction

Every year the need for clean water increases in line with the increasing population and industry growth. But
in some circumstances, meeting the need for clean water is a problem that cannot be overcome in several parts of
Indonesia, especially during the current pandemic. As in Bolangi Hamlet, Timbuseng Village, Pattalassang
District, which has problems with the need for clean water every dry season. Residents in these areas till use
well water and rainwater that does not meet clean water standards in meeting their daily needs. Residents
admitted that it was difficult because clean water assistance only came once a week and not every resident
received the clean water assistance.

In its development to meet the need for clean water, further studies on water resources and processing
methods are needed as an alternative. Membranes are an aternative technology that can be used to treat various
water resources. Membranes are used for the separation of dissolved organic and inorganic substances,
suspended solids, microorganisms, and can be applied to desalination, sewage treatment, and gas separation. In
the operation of membranes for water treatment processes, membranes generally will experience fouling events.
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Fouling is the deposition of particles, macromolecules, sdts, colloids, which are retained on the membrane
surface or membrane pore walls, which causes a continuous decrease in flux [1].

Fouling can be classified into three types, namely inorganic fouling, organic fouling, and biological fouling.
Biological fouling (biofouling) is formed because of the accumulation and growth of biological speciesin the
form of biofilms on the membrane surface which affects membrane permeability which causes a loss of
membrane productivity. Microorganisms are the main cause of biofouling [1].

Biofouling on the membrane can interfere with the operation and even damage the membrane, causing a
decrease in the performance of the membrane. However, the process of biofouling formation on the membrane
surface can be dowed down. The increasing resistance of biofilms to antibacterial compounds encourages the
development of new alternatives to remove these biofilms [2]. One alternative antibacterial agent that can be
used is ZnO. ZnO compounds show an antibacterial effect on gram-positive and gram-negative bacteriathat are
resistant to high pressure and temperature [3]. In this study, the synthesis of polysulfone membranes was chosen
with the addition of ZnO as an antibacteria agent to be applied in water treatment.

2. Experimental M ethod

A. Materials

PSF purchased from Solvay Advanced Polymer, N-Methyl-2-pyrrolidone (NMP) obtained from Merck
Milipore, and PEG400 obtained from local supplier were used for membrane casting solution preparation. Zinc
oxide (ZnO) obtained from Loba Chemie were used as additives. Nutrient Agar and Nutrient Broth was
purchased from local supplier.

B. Membrane Fabrication

PSF membranes were synthesized by additive blending methods and casted via phase inverson method. The
detailed composition of the membrane solution is summarized in Table 1. Briefly, membrane preparation
consists of dissolving PSF and PEG400 in NMP, blending additives in PSF solution, casting the membrane
solution, and immersing the cagt solution in a coagulation water bath.

Table 1. Casting solutions composition

Polymer Solution Nanoparticle
Variation PSF NMP PEG
(gram) | (gram) | (gram) | 4O (9ram)

Control 18 82 10 0
Sample 1 18 82 10 0.5
Sample 2 18 82 10 1
Sample 3 18 82 10 2
Sample 4 18 82 10 3

C. Membrane Characterization

The membrane surface was analysed by scanning electron microscope (SEM, Phenom Pro X). Membrane
chemical sructures were analyzed by FTIR (Nicolet™ iS50 FTIR Spectrometer with NIR). Pure water
permeability and selectivity tested using syringe filter and turbid meter. Water contact angle (WCA) was
determined by the sessile drop technique.

D. Antibacterial Activity Sudies

Antibacteria tests were carried out on Gram negative bacteria E. coli, using Kirby-Bauer disk diffusion
method. The bacterial cultures were sub cultured on Nutrient broth medium. The culture was inoculated on
Nutrient agar plates. PSF membrane disks were placed aseptically on the Nutrient agar medium which was
already swabbed with the test organism. The experiment was carried out for both PSF membranes, with and
without ZnO nanoparticles. The plates were incubated at 37 °C for 48 h to observe the inhibition zone.

3. Results and Discussion

A. Membrane Morphology

The morphological characteristics of the top surface of the polysulfone membrane were analyzed by Scanning
Electron Microscope (SEM) using Desktop Phenom ProX. Each image was taken at 200x magnification. This
membrane morphol ogical observation was carried out only on the upper surface of the membrane due to limited
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equipment in observing the cross-sectional surface of the membrane which required liquid nitrogen. In this study
the analysis focused on the pores of the membrane surface, not on the effective pores of the membrane itsalf.

Fig. 1 shows the results of the surface SEM micrographs on the five membrane variations. Based on the
micrograph below, each membrane has an expected surface pores with a honeycomb structure [4]. This
honeycomb structure is formed due to changes in the diffusion rate of solvent and non-solvent caused by changes
in polymer viscosity when ZnO nanoparticles are added [4].

300 mldf_m

Figure 1. Micrograph of Surface Morphology Polysulfone Membrane
(A: Contral, B:Sample 1, C:Sample 2, D:Sample 3)

B. Membrane Chemical Sructure

To demonstrate the successful introduction of ZnO, in PSF membrane, all variation membranes were
characterized via FTIR analysis (Fig. 2). All membranes showed absorption peaks at around 1,450-1,230 cm'*
indicating S=O dtretching vibration [4]. The S=0 represents the sulfonic groups of PSF. Absorption pesaks at
around 1,560-1,650 cm* were found which represent the functional group of C=C of the benzene ring [5]. The
stretching vibrations of O-H were represented by the strong, broad band at around 3,650-3,450 cm™.

Absorption peaks at around 1,200-950 cm-1 were found which represent the functional group of C-O of the
ether group [6]. Absorption peaks at around 2,980-2,800 cm™ were found which represent the functional group
of C-H represents methyl group of PEG [7]. Thus, the use of zinc oxide in the PSF membrane into the dope
formulation does not result in any reaction and new phases or new bonding formation. This was revealed by the
FTIR results in this study, which determines that all the PSF bonding patternsin al the PSF and mixed matrix
PSF membranes show the existence of the same peaks.
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Figure 2. FTIR Spectra of the synthesized polysulfone membrane.
C. Pure Water Permeability & Membrane Selectivity

Pure water permeability tested using syringe filter & syringe filter holder. The result shows all variation of
PSF membrane had pore and passed by pure water. Membrane selectivity tested using turbidity meter. The result
shows removal percentage value increase as nanoparticle ZnO added as shown in Table 2. The addition of
nanoparticle ZnO change surface pore characterigtic of the membrane thus poses a different selectivity towards
turbidity.

Table 2. Percent removal of suspended solid

Starch Water
Variation
%Removal

Control 24.71
Sample 1 15.89
Sample 2 27.43
Sample 3 30.23
Sample 4 56.95

D. Membrane Hydrophilicity

Contact angle measurement was carried out to evaluate hydrophilicity of membrane surface. The contact
angle values obtained in the measurement of all variations of polysulfone membranes are in the range of less
than 90° which categorized as hydrophilic as shown in Fig. 3. The vaue of the surface contact angle of the
polysulfone membrane decreased with the addition of ZnO nanoparticles, but this decrease was not significant
between sample 3 and sample 4. This was due to the formation of ZnO aggregates on the membrane surface
which caused pore blocking.

Pore blocking causes the feed stream to pass through the membrane. The decrease in the value of the contact
angle of the membrane surface indicates that the level of hydrophilicity of the membrane surface a so increases.
The leve of hydrophilicity of the membrane affects the permeability of the membrane, so that the increasing
level of hydrophilicity of the membrane, the more permeable the membrane.
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Figure 3. Water Contact Angle of Polysulfone Membrane.

E. Antibacterial Properties

The antibacterial properties of polysulfone membranes were evaluated against E. coli. Here, Kirby Bauer
technique was adopted to eval uate the antimicrobia activity. The results are shown in Fig. 4. The pure PSF
membrane was used as a control. According to the results obtained, no detectable inhibition Zones were seen for
the bare PSF membrane. Conversely, the Zones were observed for ZnO embedded PSF. The diameters of the
zone of inhibition around the membranes after one day were measured to be 1 mm, 1.5 mm, 1.7 mm, and 1.8
mm. The inhibition zone formed increases with the increase in the concentration of ZnO nanoparticles. The
largest inhibition zone formed was in the sample membrane 4 (addition of 3 grams of ZnO) with a value of 1.8
mm.

Control

None Inhibition Zone

Sample 2 ( Sample 3
A

Inhibition Zone : 1.5 mm
Figure 4. Antibacteria inhibition zone of the synthesized polysulfone membrane

The zone of inhibition was caused by the release of Zn?* ions from ZnO nanoparticles contained in the
membrane. The release of Zn?* ions damage the bacterid cell wall and causes protein denaturation. When bound
to bacteria cells, Zn?* ions from ZnO nanoparticles damage the bacteria cell membrane and cause leakage in the
interior of the cell so that ZnO nanoparticles can enter the cell membrane, disrupting cell metabolism, proteins,
and DNA. Then the bacterial cells are damaged, and their devel opment is hampered [8].
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4, Conclusions

This research proves that polysulfone mixed-matrix membrane with the addition of ZnO nanoparticles is
permeable to pure water and semi-permeable (selective) to turbidity. The addition of ZnO nanoparticles
influences the pore characterigtics of the membrane surface and affects the level of turbidity selectivity. The
addition of ZnO nanoparticles increased the antibacterial activity of the polysulfone membrane which was
characterized by the appearance of an inhibition zone. The membrane that produced the best antibacterial
activity was sample 4 with an inhibition zone of 1.8 mm against Escherichia coli bacteria.
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Abstract

Solar energy is one of the largest energy potentials which can be utilized in
solar heater and integrated with the latent heat energy storage (LHTES).
This research aims to invegtigate the effects of the operating conditions of
flow rate and inlet temperature on the performance of the annulustype Low-
Temperature LHTESusing Computational Fluid Dynamics methodinwhich
the enthalpy-porosity is used as the solidification model. The results
indicated that better performance can be obtained by increasing the flow
rate and inlet temperature. The increase in flow rate resulted in a higher
heat transfer, producing better performance up to 11.91% and 24.91%
during the charging and discharging, respectively. Meanwhile, increasing
the inlet temperature in the Low-Temperature LHTES system enhanced the
performance up to 192.72% during the charging and 13.07% during the
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1. Introduction

The need of global energy has been increasing exponentially since the 1900s as depicted in Fig. 1 [1].
Considering the Paris Agreement in 2015, the world has started to see the potential of renewable energy to reduce
fossil fuel emissions [2]. The largest renewable energy potential in Indonesia is solar with 207.8 GWp [3].
However, for harvesting solar energy, one of the biggest challenges is the intermittent characteristics of solar
energy or only can be harvested in alimited period and in a fluctuated nature, as shown in Fig. 2 [4]. The use of
the renewable energy worldwideis still low due to the imbalance of energy supply and demand period. Currently,
the technology of energy storages such as sensible heat energy storages, latent heat energy storages, and chemical
energy storages have been devel oped to solve the problem in the most effective, efficient, and safest way [5, 6].

1940 1903 Mo

I IX XIX 19N}

L 2\

Figure 1. Globa Energy Consumption [1]

Scapino, et. al. [7] reviewed that the latent heat thermal energy storages (LHTES) is one of the technologies
that could achieve the three indicators explained before. LHTES is more effective in cog, has a high efficiency,
and has aminimum responsetime [ 7]. AlImost all LHTES applications have the same phase change material (PCM)
geometry configuration of doughnut-shape, where the PCM will cover the tube in which heat transfer fluid is
flowing inside the tube, as shown in Fig. 3 a) [5, 8-10]. One of methods to improve the thermal performance can
be done by extending the heat transfer area and by making the fluid flows more turbulent [11, 12], by changing
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the geometry configuration of the PCM, where the heat transfer fluid covers the annulus tube that contains the
PCM.

9.0 -

o
o

-J
o
A

o
o
2

o
1

=
o
L

w
Q
WA\
—idd
b

Daily Sum of DNI (kwh/m2)

Sx9
o
L
.
P
)
4
|
|

1.0 4 -

-

0.0

lan Feb Mar Apr Mei Jun Jud Agu Sep Okt Nov Des
w=Binjai e Jambi lakarta Pontianak w=Surabaya
-t Kupang =i Manado =—dr—]ayapura 4 Min-Max

Figure 2. The Average of Daily Direct Norma Irradiance in a Few Citiesin Indonesia [4].

Based on the applications, LHTES relies on the PCM or material for absorption of the thermal energy (heat
storage) and classified as Low-Temperature (below 150°C, like for solar heater), Medium-Temperature (between
150°C-400°C), and High-Temperature (above 400°C, for Concentrated Solar Power, Steam Power Plant, etc.)
applications [6, 13]. In this study, low temperature LHTES is selected for solar applications by usng paraffin wax
like n-octadecane for the PCM and evaluated in charging and discharging region because the properties of paraffin
wax have a high density, stability of termal properties, unreactive, and the most important is the cycle resistance
up to 2000 cycles[14, 15].

a) PCM b) . N
w ‘ Heat Transfer - o
| | Fluid Flow | __ = A
e Pl e Y
Heat Transfer o <\ /

Figure 3. The Schematic Diagram of LHTES in a Geometry of
a) Doughnut Type (Shell-and-tube); and b) Annulus-tube.

2. Mode Formulation

Here, the PCM is placed in the inner tube and the heat transfer fluid (HTF) flows through a pipe in the outer
side of tube and cover the PCM tube (shell-side) with adiabatic wall asdepicted in Fig. 3 b). Various configuration
of inlet temperature and flow rate of HTF are considered in this research. The evauation of performance of
charging and discharging is evauated by enthalpy of the process.

A. Governing Equations
The governing equationsare empl oyed for two components, water and PCM. During charging, thewater, which
flows in the outer Sde tube, transferred the heat to melt the PCM and stored the thermal energy in aliquid phase.
While during discharging, the heat that stored in PCM isthen taken by the cold water and thus solidified the PCM.
In this research, athree-dimensional model is smplified into two-dimensional to reduce the cost of computation.
In the HTF, the convection of heat and fluid flow will be considered by using the Navier-Stokes equations.
These equations focused on conservation of mass, momentum, and energy [5, 9].
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During the process of melting and solidification, the molten PCM will form amushy zone whereit will decrease
the value of porosty. To evaluate solidification process, the entha py-porosity formulation is represented as a
source term, S, and it is added to the conservation momentum Equation (2) with the value defined as:

__ a-py (4)
Smom = Tx 109) <

where, {is mushy zone constant that has value of 1x10° for n-octadecane.
Then, the enthalpy is added on energy conservation Equation (3) and defined as

Hpcm = hpcm + AHpcm (5)

where, h,,,,, issensible heat of PCM and defined as:

e j r (6)
pem — !pcmref + Cp,pcm
Tref

where, hy,.,, .5iS reference enthalpy on reference temperature and 4 Hyem is latent heat of PCM whichisafunction
of liquid fraction, f of the PCM.

AHyem = B.L ™

B. Congtitutive Relations

The water liquid defines as HTF that has temperature dependent polynomial functions for the thermophysica
properties. The density, viscosity, and therma conductivity of water are defined in (8-10) respectively. The other
thermophysical properties are presented in Table 1.

Py = —3570x 1073 T2 + 1.88 T + 753.2 (8)
k, = —8.354 x 107 T2 + 6.53 X 1073 T — 0.5981 )

238.3
w, = 2.591 x 1075 x 1071432 (19)

The PCM (n-octadecane) also has temperature dependent polynomia functions for the thermophysica
properties that are defined in (11-13) and the other properties are presented in Table 1.

_ 774 (11)
Prem = 975 10-+(T — 300.65) + 1
0.358, T <T, (12)
Ko = {126.421 —042T, T,<T<T,
0.148, T>T,
1.79 x 103 (13
Upem = 0.001 X exp (—4.649 + T)

To evaluate the heat transfer rate, Q on charging and discharging condition can be evaluated by

_Hpem (14)

ttrans fer

Q transfer, —
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S0, the efficiency of thermal enhancement ratio of heat transfer, TER can be determined by

Qtransfer - Qtransfer,base (15)

TER = X 100%

Qtransfer,base

Table 1. Thermophysical Properties of Water Liquid and n-octadecane [9, 16].

Parameters Value Unit

Water Liquid

Melting Temperature, Tmw 273.15 K

Latent Heat, Ly 2100 Jekgt
Specific Sensible Heat, Cow 4200 Jekgte K1

PCM (n-octadecane)
Melting Temperature

o Solidus Temperature, Ts 300.15 K

e Liquidus Temperature, T, 300.65 K
Latent Heat, Ly 2.43x10° Jekg?!
Specific Sensible Heat, Cy pem 2160 JekgleK?
Coefficient of Thermal Expansion 9.00x10* K1

C. Boundary Conditions
In this research, these following boundary conditions are employed on the model.

Inlet: a the inlet, avarious inlet mass flow rate and inlet temperature is specified as shownin Table 2.
Outlet: at the outlet, stream-wise gradient of temperature and gauge pressure are set to be zero.

PCM wall is set to be no-dip condition, zero roughness height, and coupled

HTF wall isset to be insulated wall (no heat flux), no-dip condition, and zero roughness height.

Table 2. Inlet Conditions.

Various M ass Flow Rate VariousInlet Temperature

Charging Discharging Charging Discharging

No nm(kgls) Tc(K) No n(kg/ls) Ta(K) No m(kgs) Tc(K) No Ht Ta (K)
(kg/s)

CF1 0.01575 310.65 DF1 0.01575 295.65 CT1 0.03150 30565 DT1 0.03150 295.65
CF2 0.03150 310.65 DF2 0.03150 295.65 CT2 0.03150 31065 DT2 0.03150 295.65
CF3 0.15750 310.65 DF3 0.15750 295.65 CT3 0.03150 320.65 DT3 0.03150 295.65

3. Numerical Methodology

Inthisresearch, the LHTES model and grid generation are conducted in ANSY SWorkbench 2019 R2 in which
simplified symmetrical 2D model is used as depicted in Fig. 4. Then, the mathematical model formulation
(governing equations, conditutive relations, and boundary conditions) is implemented and solved. For severa
thermo-physical properties of HTF and PCM, the C-Language is coded and compiled for user-defined functions
in the modd.

b
d e =t f il e d
by HTF (Water) b
c c
PCM
@ Cu (n-octadecane) a

Figure 4. The Schematic Diagram of 2D Symmetrical Annulus-tube LHTES System.
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To ensure the grid generation is independence, the grid independent study was conducted by dividing the
domain into areas and set the number of divisions in c-side to increase the number of fluid elements (cells), the
summary of the test shown in Table 3 and the results is presented in Fig. 5. It is seen that, there is no significant
differences on the average liquid fraction of PCM due to the time which means the number of cellsis not affecting
the value significantly. Hence, the grid size of 71,568 cells was chosen for all cases of this study. The results of
thisgrid isshowsin Fig. 6 with the orthogonal quality is0.9998 which means the setting of grid i s good.

Semi-Implicit Pressure Linked Equation (SIMPLE) agorithm is chosen for solving the numerical model of
this research. The momentum and energy equations are solved by the second order upwind discretization and
pressure correction equation is adopted in the PRESTO! scheme. A time step of 0.1 second is taken with the
number of maximum iterations of 20 times for each time step. Convergence criterion of 1 x 102 is selected for the
momentum and turbulent equations and 1 x 10°is set for the energy.

Table 3. Grid Generation for Grid Independent Study.

No Number of Partition* Size of c-9de* Number of Elements (Cells)
Areab  Aread Areaf (mm)
1 6 80 800 1.00 57,960
2 6 100 1000 1.00 71,568
3 8 100 1300 1.00 88,368
4 8 150 1500 0.75 116,436
5 8 200 2000 0.75 153,760

Note: *Check the areax in Figure 4

1.0 4

A (57960 Elements)
B (71568 Elements)
C {88368 Elements)
——D (116436 Elements)
——E (153760 Elements)
101

1.00 4 - —

Liquid Fraction

0 10 20 30 40 50 60
Flow Time {min)

Figure 5. Comparison of Grid Independent Study.
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Figure 6. Detail Grid Result (71,568 cellsin Total: Orthogonal Quality of 0.9998).

4. Resultsand Discussion
A. Model Validation

To ensure correct selection and settings of the mathematical model, the validation is made by comparing the
results of the smulation with the results of previous experiment [8]. The comparison is focusing on two
temperature locations (T, and T») and the results are shown in Fig. 7. Ascan be seen from Fig. 7, arelatively good
behavior is shown with samall relative error of 0.357% for T1 and 0.152% for T.. This explain that the settings and

parameters of this research are valid and thus the simulation results sufficiently describe the behavior of the
LHTES.

302 4

Temperature, T (K]

298 4

¢ Experiment T1[8]

296 4 » Experiment T2 [8]
——Simulation T1 (Error: 0.357%)
——Simulation T2 {Errar: 0.152%)

294

0 10 20 30 40 50 60
Time, t {min)

Figure 7. Comparison of Simulation and Experiment Results [8].

B. Effect of Mass Flow Rate

The heat transfer in LHTES is affected by the flow condition, especialy flow rate. Hence, this research is
carried out to prove and find the behavior of heat transfer of PCM in three variation flow rates of 0.01575 kg/s,
0.03150 kg/s; and 0.15750 kg/s. The simulation is eval uated by flowing the hot water with 310.65 K (10 K above
the melting temperature of PCM, n-octadecane) in the inlet.

Fig. 8 presentsthe average PCM liquid fraction during charging-discharging processfor the flow rate variation.
Thisfigure shown that from theinitial until charging process ended, the increase of flow rate will increase the heat
transfer rate. Thisisalso implied that at higher flow rate the liquid fraction of PCM is faster to reach value of 1.0
which means the PCM has melted completely into the liquid phase. Higher flow rate creates more turbulence
eddies. These eddieswill mix the fluid elements and speed up the convection rate in the heat transfer process, thus
give fagter melting processin the PCM [17].
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Fig. 8 aso shows that the rate of liquid fraction is slower towards the end of charging cycle because the heat
transfer in PCM is started to be dominated by convection process. This phenomenon also depicted in Figs. 9 and
10 where the melting process in the center region of the PCM is reduced due to the change of conduction process
into a convection process near the wall. Figs. 9 and 10 also shows that towards the end of the charging cycle, the
temperature of PCM will approach the hot water temperature and in the higher flow rate and the melted areain the
PCM tendsto be larger.

The behavior of flow rate effect on the discharging processis similar to the charging process. When the flow
rate isincreased, the solidification of PCM isincreased because turbulence effect on heat transfer. Fig. 11 and 12
show that at higher flow rate, the area of solidification near the wall in PCM islarger and accompanied with lower
temperature distribution.

11 102

09
07 20 25 10
@ —0.01575 kg/«
§ ——0,03150 kg/s
F 0.15750 kg/s
.
& 05
3
g
03 1

01

) 10 20 30 40 50 60 70 80 a0 100 110
0.1
Fow Time, t (mén)

Figure 8. Average PCM Liquid Fraction during Charging and Discharging for Different Flow Rates.
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Figure 9. Comparison of Average PCM Liquid Fraction for Different Flow Rates at 5 minsand 20 mins
(Charging).
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Figure 10. Comparison of Temperature Distribution for Different Flow Rates at 5 minsand 20 mins
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Figure 11. Comparison of Average PCM Liquid Fraction for Different Flow Rates at 65 mins and 80 mins
(Discharging).
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Figure 12. Comparison of Temperature Distribution for Different Flow Rates at 65 minsand 80 mins
(Discharging).

Table 4 is the summary for the evaluation of the overall heat transfer performance (Therma Enhancement
Ratio, TER) for each case. The value showsthat by increasing the flow rate the heat transfer process will be faster.
Increasing 2 times the flow rate will give 6.17% and 10.90% higher efficiency of heat transfer on charging and
discharging, respectively. Meanwhile, increasing 10 times of the flow rate will improve the efficiency by 11.91%
in charging and 24.91% in discharging.

Table 4. Heat Transfer Enhancement due to Flow Rate.

Mass Flow Rate, Heat Transfer Rate (W) Thermal Enhancement Ratio (%)
(kg/s) Charging Discharging Charging Discharging
0.01575 (base) 15.251 -14.662 0.00 0.00
0.03150 16.193 -16.260 6.17 10.90
0.15750 17.068 -18.314 11.91 24.91

C. Effect of Inlet Temperature

Theinlet temperature gives more significant effect towardsthe average PCM liquid fraction asdepicted in Fig.
13, especially during the charging process. Ascan be seen from Fig. 13, the heat transfer rate increases asthe inlet
temperature of the HTF increases and promotes faster melting processes of the PCM. Figs. 14 and 15 shows
supporting evidence for thistendency that in the fifth minute of charging, the PCM ismelted in the area near wall
and the area of liquid PCM islarger at the higher temperature water. The similar behavior aso depicted at the 20"
minute of charging. Thus, with increasing of the inlet temperature of HTF, the temperature difference will also
increase and will drives the heat transfer process both by conduction (in the solid state) and convection (in the
liquid sate) faster [8, 18] and gives higher trend of the curve gradient.

During discharging process, it shows dightly different behavior from the charging one. Fig. 13 showsthe rate
of the average PCM liquid fraction during discharging is amost similar or looks like there is no effect by the
temperature variation. The temperature and liquid fraction distribution that shown in Figs. 16 and 17 respectively
also shows amost no differences due to the inlet temperature. However, if the graphsin Fig. 13 are enlarged in
Fig. 13, the curve with 320.65 K was reaching the zero liquid fraction which dightly faster than the other two
which indicate that the heat transfer process for 320.65 K dightly faster than the others.
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Figure 13. Average PCM Liquid Fraction during Charging and Discharging for Different Inlet Temperature.
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Figure 17. Comparison of Temperature Distribution for Different Inlet Temperature at 65 minsand 80 mins
(Discharging).

Looking at the heat transfer performance for different inlet temperatures, as summarizedin Table 5, it isfound
that the inlet temperature will gives relaively a higher effect on the heat transfer performance (thermal
enhancement ratio, TER) especialy during charging cycle. The highest temperature (adding 20 K above the
melting point of PCM) will give relatively a higher heat transfer performance up to 192.72% during the charging
and 13.07% during the discharging.

Table 5. Heat Transfer Enhancement dueto Inlet Temperature.

Inlet Temperature Heat Transfer Rate (W) Thermal Enhancement Ratio (%)
(K) Charging Discharging Charging Discharging
305.65 (base) 8.898 -15.573 0.00 0.00
310.65 16.193 -16.260 81.98 4.41
320.65 26.047 -17.609 192.72 13.07

5. Conclusions

Based on this numerical smulation, the behavior of flow rate and inlet temperature on annulus type LHTES
with n-octadecane as PCM could give significant effect in the heat transfer performance, both during charging and
discharging process.

e Maximizing the flow rate could give more turbulence effect on LHTES system so it could speed up the heat
transfer process. In this research, increasing the flow rate 10 times will give 11.91% and 24.91% efficiency
during charging and discharging respectively.

e Rising the inlet temperature will give more significant temperature difference and drives the heat transfer
process. By setting the temperature 10 K above melting point of PCM could give the efficiency of heat transfer
up to 192.72% during charging and 13.07% during discharging.

e Based on the characterigtics above, preferred therma performance could be designed by carefully at first
evaluate the operating condition of the inlet temperature and then followed by the flow rate.

o Thisresearch also imply that the annulus-type could be applied on Low-Temperature LHTES system.
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Abstract

Inventory control is one of the problems faced by Universitas
Pertamina. In the management of inventory, especially office
Sationery Stock, Universitas Pertamina does not determine the limited
value of inventory that must be stored. There are 138 type of office
stationery items managed by Universitas Pertamina. Thus, this causes
asset management difficult to determine the ordering quantity for each
item and how many items should be stored in the warehouse. As a
result, the overall cost of Office Sationery at Universitas Pertamina
and shown to increase almost 50% every year. The Therefore, it is
necessary to analyze the inventory policies that used by Universitas
Pertamina. The purpose of this study is to recommend policies related
to the value of safety stock, minimum stock, and maximum stock for
each consumable item. In addition, a comparison of inventory cost
between the existing policy and Proposed policy is carried out. The
method used is the Min-Max Sock method. In addition, the ABC
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classification method is also used to classify items based on the level of
usage. The results of this study show from 138 items of office
stationery, 19% are A class, 30% are B class and 51% are C class.
The classification can be used to prioritize the number of ordered and
reduce the overall inventory. Based on the calculation results, it is
found that ordering cost whit existing method is Rp.100,898,604 and
with Proposed method is Rp. 71,595,499 and form this result by using
the min-max method, Universitas Pertamina can save up to 30% of
inventory costs compared to the current policy.

Thisisan open access article under the CC BY-NC license

1. Introduction

Facilities and infrastructure are one of the most influential factors in the quality of education, which has a
contribution of 40.38% [1]. Facilities and infrastructure are defined as requirements that are used in the process
of teaching and learning activities, both moving and immobile so that educational goas can run smoothly,
regularly, effectively, and efficiently [2]. According to Matin and Fuad (2018), facilities and infrastructure are
divided into several types of groupsincluding books, toals, furniture, buildings, and land [3].

As an educational ingtitution, Universitas Pertamina has severa facilities and infrastructure to support its
students. Some of the facilities include a library, classrooms, laboratory, indoor field, swimming pool,
auditorium room, etc. In addition, Universitas Pertamina aso provides consumable goods used to lecture
activities and administration processes such as Office Stationery (ATK). Management control of goods in
teaching and learning activities must be carried out optimally, where the amount must be adjusted to the level of
user needs but also do not make large purchases because they require sorage [4]. Fig.1 is the overall cost of
Office Stationery at Universitas Pertamina and shown to increase every year due to an increase of student,
educational activities, and laboratories.

One of the methods that is widely used in the inventory control process is the min-max method. Min-Max is
the method of controlling inventory by determining the minimum and maximum amount of inventory that can be
stored, and the safety stock. In other studies, this method is able to save inventory costs for each period [5], this
method is aso able to produce a smaller value than the company's fina inventory [6]. Therefore, this paper aims
to calculate the value of safety stock, minimum stock, and maximum stock for each stationery item.
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Figure 1. Cost of Office Stationery

2. Methods

In this sudy, the ABC analysis methods was used to classify the office stationery into 3 groups, Group A, B
and C. ABC Analysisisamethods of inventory control based on the pareto principles[7]. ABC analys's method,
the small portion of items represent the high value or amount of the total inventory. Technicaly, Class A is 15-
20% of the total goods, but represents 75-80% of the total value. Class B is 20-25% of the total number of items
but represents 10-15% of the total value and Class C is 60-65% of the total goods but represents 5-10% of the
total value [7-11]. Determination of the class of goodsis carried out based on the ordering frequency that occur
from 2017 to 2019.

The Min-Max Stock method is a method of controlling inventory by determining the minimum and
maximum stock values that must be stored, as well as the value of safety stock. The stages and calculation
formulas are as follows [5]:

1. Determine the safety stock (ss)
Safety Stock is a security stock to prevent the inventory from running out [4, 8]. The following is an
equation used to cal culate the value of safety stock:

ss = (Maximum Usage — T} X m )

Where:

T = Average usage of goods per period
C =Leadtime per period

SS = Safety Stock

2. Determine the minimum stock
The following is an equation used in calculating the value of minimum stock:

. (TxC)
Minimion stock = ——————+ 5§
Period of time )

3. Determine the maximum stock
The following is an equation used in cal cul ating the maximum stock value:

. 2(TxC)
Maximion stock = ————————+ 5§
period of time ©)

Other stages that are also carried out in inventory control are calculation of the quantity or number of orders
of goods (Q) to replenishment of supplies[11]. Reorder or order quantity is the order quantity for each period, as
followsisthe calculation formula[12].
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2xTxC

Ordering Quantity (Q) =_—= = @)

3. Resultsand Discussions
A. Sock Classification

Thisprocessis carried out by classifying the stock of Office Stationery to ABC class based on the number of
ordering frequencies from 2017 to 2019. From inventory data, there are 138 type of stock that included in the
Office Stationery. The example stock of Office Stationery was showed in Table 1 below.

Table 1. Demand Data During the 2017 - 2019 Period (Sample data)

N ] Atrib 2017 2018 2019 Total
° tems tribute ™ Fven | Odd | Even | Odd | Even 0odd ota
1 |Amplop Coklat Custom Pack 0 0 2200 0 4,003 2,500 8703
2 |Amplop Putih PaperLine/ 110x230 Box 8 1 23 7 83 10 132
3 |Amplop Universitas pcs 0 2700 1350 0 1,520 1,507 7077
4 |Bantex Box File 4011/ 100mm pcs 67 221 530 243 721 351 2133
5 |Bantex ordner pcs 111 138 177 1156 1,006 284 2872
6 |Bantex Pocket Transparant/ A4 pcs 520 440 5100 21519 677 125 28381
7 |Bantex Pocket Transparant/ A4 pcs 640 100 780 1900 723 149 4292
8 |Binder Clip No.105/ 15mm Pack 69 52 41 85 5 42 294
9 |[Binder Clip No.107/ 19mm Pack 64 98 56 70 534 231 1053
10 |Binder Clip No.111/ 25mm Pack 83 86 76 22 465 184 916
11 |Binder Clip No.155/ 32mm Pack 41 66 78 131 112 51 479
12 |Binder Clip No.200/ 41mm Pack 15 29 48 18 453 74 637
13 [Binder Clip No.260/ 51mm Pack 9 7 53 75 411 67 622
14 |Buku Hard Cover pcs 0 2 28 17 17 2 66

134 |Tipe-X Liquid pcs 73 24 75 53 287 132 644

135 |Tisu Kering Box 8 5 0 4 30 - 47

136 |Trigonal Clip No.1 Pack 90 94 125 242 724 240 1515

137 |Trigonal Clip No.5 Pack 28 2 9 5 202 85 331

138 |Zipper Bag/ A5 Pcs 105 0 9 128 70 48 360

By using data from Table 1, the percentage of goods usage was calculated to determine the ABC
classification based on the ordering frequency as shown in Table 2 below.
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Table 2. ABC Classification of Office Stationery Stock

No Items Atribute ;r:;:;-l;;igg(; % Usage |% Commulative |ABC Class
1 Bantex Pocket Transparat pcs 28381 22.628% 22.628% A
2 Amplop Coklat Custom Pack 8703 6.939% 29.567% A
3 clear sleeve Map/ A4 Pack 7735 6.167% 35.734% A
4 Map Coklat perperekat Pcs 7179 5.724% 41.458% A
5 Amplop Universitas Pcs 7067 5.635% 47.093% A
24 Kertas Sinar Dunia 70gr Rim 930 0.741% 78.410% A
25 Binder Clip No. 111/25mm Pack 916 0.730% 79.140% A
26 Pena Standard Pcs 900 0.718% 79.858% A
27 Pena Pilot Pcs 796 0.635% 80.493% B
28 Penghapus white board Pcs 683 0.545% 81.038% B
29 Double Tap 1/2"x72 Roll 679 0.541% 81.579% B
66 Isi Spidol Snowman Board Marker pcs 255 0.20% 94.55% B
67 Spidol WB Marker ABG-12 pcs 234 0.19% 94.73% B
68 Clear Sleeve Map/ A4 Pack 212 0.17% 94.90% B
69 Spidol WB Marker ABG-12 pcs 212 0.17% 95.07% C
70 Lem Stick/ 8gr pcs 193 0.15% 95.22% C
134  |Stapler Heavy Duty Pcs 16 0.013% 99.95% C
135 Buku Name Card Holder/ A5 Pcs 14 0.011% 99.97% C
136 |Map Diamond / Biola / Stop Map Pack 14 0.011% 99.98% C
137  |Spidol Gambar Snowman PW-12A Set 14 0.011% 99.99% C
138 |Map Diamond / Biola / Stop Map Pack 13 0.010% 100% C

Based on stock data, there are 138 types of items stored as Office Stationery. Fig. 2 below shows the
percentage of ABC stock classification.

Percentage ABC Classification

sA 8B n(

Figure 2. ABC Stock Classification

B. Safety Stock Calculation
Using formulation (2), the safety stock was calculated for each item. Therefore, average consumption,

maximum usage, and lead time were counted in these steps.
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Table 3. Example of Average, Maximum and L ead Time Calculation

Avarage | Maximum Lead

No Items usage Usage Time
(units) (units) | (month)

1 |[Bantex Pocket Transparan (A4) 4,731 21,519 | 0.1667
2 |Amplop Coklat Custom 1,451 4,003 | 0.1667
3 |[Clear Sleeve Mal (A4) 1,290 2,848 | 0.1667
4 |Map Coklat Berperekat 1,197 3,600 | 0.1667
5 |Amplop Universitas 1,178 2,700 | 0.1667
6 |Clear Sleeve Mal (F4) 878 2,624 | 0.1667
7 |Kertas PaperOne (A4-80gr) 774 1,636 | 0.1667
8 |Bantex Pocket Transparan (F4) 716 1,900 | 0.1667
9 |Bantex Ordner 1465V01 (70mm) 479 1,156 | 0.1667
10 |Kertas PaperOne (A4-70gr) 397 1,352 | 0.1667

The datafrom Table 3 was used to find safety stock value for each consumable good.

Table 4. Example of Safety Stock Calculation

No Items Attribute | Unit Type Safety
Stock
1 |[Bantex Pocket Transparan (A4) Bening Pcs 2799
2 |Amplop Coklat Custom Coklat Pack 426
3 |Clear Sleeve Map (A4) Bening Pack 7
4 |Map Coklat Berperekat Coklat Pcs 401
5 |Amplop Universitas Coklat Pcs 254
6 |Clear Sleeve Map (F4) Bening Pack 292
7 |Kertas PaperOne (A4-80gr) Putih/A4 Rim 144
8 |Bantex Pocket Transparan (F4) Bening Pcs 198
9 |Bantex Ordner 1465V01 (70mm) Biru Pcs 113
10 |Kertas PaperOne (A4-70gr) Putih/F4 Rim 4

C. Min-Max Calculation

The Min-Max calculation stock method showed in Table 5 below. Min. Stock is used as a point where a
reorder must be made to maintain stock at the warehouse, while Max. Stock is used to show the maximum
amount of inventory that can be stored in the warehouse [5]. In addition, Min. Stock usualy called as the
Reorder Poin.

Table 5. Example Min-Max Caculation

No Items Safety Min. Stock |Max.Stock
Stock

1 |Bantex Pocket Transparan (A4) 2799 3,588 4377
2 |Amplop Coklat Custom 426 668 910
3 |Clear Sleeve Map (A4) 7 476 691
4 |Map Coklat Berperekat 401 601 801
5 |Amplop Universitas 254 451 647
6 |Clear Sleeve Map (F4) 292 439 585
7 |Kertas PaperOne (A4-80gr) 144 274 403
8 |Bantex Pocket Transparan (F4) 198 318 437
9 [Bantex Ordner 1465V01 (70mm) 113 193 273
10 |Kertas PaperOne (A4-70gr) 4 227 293

59



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-1SSN: 2963-8577
Vol. 1, No. 1, August 2022, pp. 55-62

Based on Table 5, each type of item has a different value, this is because the needs for each item are
different. Where at each period the number of requests for ATK goods varies depending on the needs of each
user.

D. Inventory Cost Analysis

Inventory control activities will be related to ordering policies. This ordering activity is carried out to
replenish stock that are close to the reorder point, this case is between the points of safety stock to minimum
stock. But there is aso some method of carrying out an ordering policy when the amount of inventory is
approaching the minimum inventory limit. Determining the ordering policy using Equation (4) and carried out
for each group. This activity will make it easier for Pertamina University in the determination process number of
future orders.

Ordering Cost Using Min-Max

Method
Ap&0.000.000
Rp60.000.000
Rp40.000.000
Ap20.000.000 .
Rpo T
CLASS A CLASS B CLASS C

Figure 3. Ordering Cost

Order quantity costs are costs incurred to carry out ordering ATK goods. The calculation of the cost is based
on the price of each item of goods. This cost calculation does not consider costs of ordering or costs incurred to
place an order for stationery goods. Based on the graph in Fig. 3 for the replenishment of inventory, the costs
incurred for Class A are Rp. 71,595,499, while class B and C are Rp. 23,011,786 and Rp. 6,291,319. In addition,
with the method of ABC class, order quantity costs can be more efficient. Table 6 showed an ordering cost
comparison between the existing condition and Min-Max with the ABC class method.

Table 6. Ordering Cost Comparison

Ordering Cost Existing Ordering Cost using Min-
Condition Max with ABC Classification

Rp100,898,604 Rp71,595,499

From Table 6, can be concluded by Min-Max Method with the ABC classification, the cost of the order
guantity is decreasing by 30% compared to the existing policy.

4. Conclusion
The conclusions of this study are as follows:

1. Inventory management carried out by Univerdtas Pertamina does not apply ABC Classification, so the items
being managed will increase in number. From the inventory side, there are no stored stationery items, so it
has the potentia to delay the fulfillment of consumable items. So, the asset manager has had difficulties in
tracking goods, thisis due to the large number of items that must be handled.

2. The result of implementing the min-max policy with the ABC classification method, not all items will be
stored in the warehouse, so it will streamline the cost of storing consumable items. With this classification
process, the focus of managing goods will be more efficient because the number of goods will be less but
have a greater value. From calculation results, it is shown that using Min-Max Method, the cost of the order
quantity is decreasing by 30% compared to the existing policy.
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Abstract

Today, eectricity is one of the important components to drive the
industrial process and other daily human activities. While the
continuity of power supply through the power system grid is
impressionabl e from disturbances such as a short circuit. In addition,
the rapid development of digtributed generation (DG) technology
triggers the industry to use DG technology to maintain power quality
and support for industrial processes. This paper proposed the
coordination of over current relay (OCR) considering distributed
generation (DG) to provide an extraordinary protection syslemin an
electrical system network. The relay is coordinated with the other
relay equipment to enhance the system more reliable, secure, and
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stable. To examine the efficacy of the proposed approach, the radial
distribution syssem model is utilized in this paper where the DG is
installed in bus 6. To compute the protection coordination index (PCI)
and coordination time interval (CTI), the DG capacity is varied from
100 KVA to 1000kVA. From the simulation result, it could be seen that
the installed DG that allowed in bus 6 was 900kVA because the CTI
value reached convergence value as of 0.294 second for higher DC
capacity than 900kVA. Moreover, the higher of DG capacity was
injected to eectrical system, the higher of PCI val ues was obtained.

Thisisan open access article under the CC BY-NC license

8Y NC
1. Introduction

The growth of the industry in many countries is rapidly increasing in the last decade. So far, most of the
industry is driven by generation sources using fossil fuels to supply the electricity in supporting the industrial
processes. The continuity of good power supply inindustry requires appropriate coordination of protection systems
to avoid the dectrical system from blackout events due to faults such as short circuit [1]. Thisfault has potential
to cause severe damage to industrial equipment which can disrupt system production. To overcome this problem,
arelay as an electrical safety deviceis utilized to protect the distribution system in the industry from a disturbance
that can be localized quickly and prevented it to spread out to other areas.

Relay isa power system tool to protect the distribution system grid when the faults such as short circuit are
occurred [2]. Moreover, many industries are now installing distributed generation to reduce the effect of fossil
fuels on the environment and employed as backup power when there are any faults occurred. Generally, a short
circuit occurring in the generator unit will increase its capacity by 6-8 times the existing generator rating. This
condition will make the relay easily distinguish between normal conditions and any disturbances that occur to the
distribution system due to the wide margin between loading situation and disturbance. Integration of DG to
distribution system grid degrades the margin between the loaded system or under disturbance condition. The relay
is difficult to distinguish between fault conditions or loading in this situation. In addition, thisissue has significant
impact to the power quality of electrical distribution systeminindustry. Sofar, to tackle this problem, it isrequired
an appropriate protection system [3]. Several sudies have been reported in according to the utilization of DG in
electrical distribution system such as fault current limiter based [4], multi agent base protection scheme, dual
setting protection scheme, voltage—current based protection [5]. Among studies mentioned above regarding to the
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effect of DG to electrical distribution network, voltage—current based protection is renowned method over other
approaches. In this study, radia distribution system is utilized as a test system with the main fault is occurred in
generator where the current of short-circuit as of 6-8 timesfrom current rating in normal condition.

The use of DG type such as photovoltaic (PV) in electrical distribution system trigger a thin margin between
the normal rated current and fault current values. In this condition, the relay is difficult to recognize the system in
normal loading or under fault conditions. When a disturbance occurs, the current flow in the el ectrical distribution
system will increase 110% up to 150% more than in anormal condition. To overcome thisissue, the coordination
of the protection system relay isamust. This paper proposed the coordination of over current relay considering
the effect of DG integration in the eectrical distribution systems in the industry. To examine the proposed
approach, the DG capacity about 100kV A to 1000kV A isemployed to the electrical distribution system.

Therest of the paper is organized as follows. System modeling are explained in Section 2. Protection system
coordination is described in Section 3. Simulation result and discussion are illustrated in Section 4. Conclusion is
givenin Section 5.

2. System Modelling
A. Didtributed Generation

With the rapid growth of renewable energy technology and smart grids, distributed generation (DG) plays a
key rolein eectrical digribution systems. DG is often utilized as supplementary power to maintain the electrical
power network stable, reliable, and secure. Nowadays, DG is part of distributed energy resources (DRES) asenergy
storage and responsive loads [6]. The more advanced technology of renewable energy, the bigger the capacity size
of DG for installation in a large-scale electrica digtribution system. A brief overview of the most common DG
technologies and their capacity sizes is illustrated in Table 1. DG can be applied to shave the peak load for a
specific time, combined heat and power, continuous power, and emergency power.

Table 1. DG type and their capacity size

No DG Type Capecity Size
1 | Combinecyclegasturbine | 35-400 MW
2 | Internal combustion engine | 5kW — 10 MW
3 Combugtion turbine 1-250 MW
4 Micro turbine 35 kW — 1MW
5 Fuel cell 200kW — 2MW
6 Battery storage 0.5- 5MW
7 Small hydro 1-100 MW
8 Micro hydro 25kW — IMW
9 Wind turbine 200W — 3MW
10 Photovoltaic array 20W — 100kW
11 Solar thermal 1-10MW
12 Biomass gasification 100kW — 20MW
13 Geothermal 5-100MW
14 Ocean energy 0.1- 1MW

B. Electrical Distribution System
The electrical distribution system in this study consists of eleven generator units driven by a gas engine

generator (GEG) and divided into 3 large sub-network areas. In existing normal conditions, the generator unit is
utilized to supply the electrical load needs. Spinning reserveis also prepared as supplementary power if one of the
generator unitsisinterrupted from the distribution system grid to avoid load shedding [9]. The distribution system
model hastwo voltage rating values of 0.38kV and 20kV. The distribution system with 0.38kV isutilized to supply
the load with a small capacity. While the 20kV distribution system is especialy employed to supply the feeder
with load for high voltage. In addition, adistribution system with a high voltage of around 20kV isto maintain the
reliability of its system.
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Figure 1. Proposed coordination of over-current relay (OCR)

The electrical distribution system network utilized in this sudy is depicted in Fig. 1. All data and distribution
system models are taken from [7]. The coordinated over-current relay in this study is conducted in sub-network 3
with 484 kW of power supply PGU2 and connected through a 2000kVA of HI-LINE#(1) transformer which is
located in HI-LINE #3. Inthisresearch study, over current relay R-B6-PV, over current relay R-F-HILINE-1, over
current relay R-HI-LINE #3, and over current relay R-PGU2 will be coordinated to maintain the reliability of
system due to integration of DG in this distribution network.

C. Over Current Relay

There are many types of relays utilized for eectrical protection systems and one of important relays in
industriesis over current relay (OCR). OCR isakind of relay working when there is any disturbance caused by a
short circuit between phase to phase such as a three-phase or two-phase short circuit. These faults trigger an
excessive current in the distribution system network.

RST
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) S
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Figure 2. Over current relay (OCR) circuit ingtalled in electrical distribution system grid
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Over current relay (OCR) detects the current flow in the distribution network by working in conjunction with
a current transformer (CT). The working principle of OCR is when the current transformer (CT) is reading
abnormality conditionsin the distribution system and the OCR will send signal to circuit breaker to disconnect a
power from distribution system. when the current is over the current setting val ue (ls). OCR only works as backup
protection if there are any transformers with large capacity in the distribution line. Moreover, there are inverse
time relay characteristics for OCR such as OCR with inverse time, OCR with definite time, and OCR with
instantaneous time. The overcurrent relay circuit isdepicted in Fig. 2.

D. OCR &tting
1. OCRwith definite time characteristic
This OCR typeis set based on its OCR's working time by neglecting the amount of current fault. It can be
said that all currentsthrough its pick-up set point will be disconnected by the pre-setting time of OCR. The
OCR with definite time characteristic isshown in Fig. 3.

Time
(second)

Definite Time  Current (ampere)

Figure 3. Over current relay (OCR) with definite time characterigtic

2. OCRwithinversetime characteristic

This OCR type works depending on its amount of current value reciprocal to time delay. The large
current value through the OCR results in a fast time delay. This kind of OCR is figured out by the
comparison current curve called the time current characterigtic (TCC) to the IEC standard. The curve of
OCR withinversetime characterigtic has several types of curvesincluding long timeinverse, very inverse,
short time inverse, dan extreme inverse [8]. This OCR type has two components that should be adjusted
including the setting of pick-up current and the setting of time dial. In the setting of pick-up current, the
OCR will select the larger current than the maximum load current during system operation. The pick-up
current vaue is determined by the number of tap vaues as defined in (1).

[set (1)

where |« isapick-up current in ampere. The determination of pick-up current is based on the British
BS-142 standard where it lies on intervals 1.05 I, < Isgr < 1.4 Iz 4. In addition, I, iS maximum
equipment current.
While atime dial is utilized to determine the operating time of OCR where the determination of time
dia for each curve of inverse time characteristic is computed by (2). Coefficient of inverse time dial is
shown in Table 2.

_ k=T )
pel=] -1

where, tdisoperating time (second), Tistimedial, | iscurrent (ampere), ls« iS pick-up current (ampere),
kisthe 1-th inverse coefficient, « is the 2-nd inverse coefficient, and g isthe 3-rd inverse coefficient.

Table 2. Coefficient of inverse time did

Curvetype Coefficient
k a B
Sandard inverse 0.14 0.02 2.970
Very inverse 13.50 1.00 1.500
Extremely inverse 80.00 2.00 0.808
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3. OCRwith an instantaneous time characteristic

This OCR type has a basis of operation without time delay, but it can work with a fast time. The

coordination scheme of this OCR type for medium distribution system leve iscalled instantaneous setting.
This OCR type works based on the setting of the short circuit current, and the circuit breaker (CB) will be
opened very fast around 80 ms. This OCR typeisillustrated in Fig. 4.

Time
(second)

T=80ms ==

= >

If large Current (ampere)

Figure 4. Over current relay (OCR) with instantaneous time characteristic

The OCR with an instantaneous time characteristic will work if there is a current flowing higher than

a pre-setting pick-up current. The setting of pick-up current is determined by a minimum short circuit
current such as two-phase fault. The setting of short circuit current is defined in (3).

Iset < 0:8 Isc min (3)

Theamsof coordination relay based on current, and time are to result in time del ay for the over-current

relay as an electrical digtribution system. Moreover, to avoid the primary relay and backup relay working
at the same time, it isrequired atime delay for a backup relay. The interval time for relay working time
or grading timeisset to 0.2 - 0,3 seconds.

3. Proposed Protection System Coordination

The procedures to coordinate the over-current relay in an electrical distribution network considering the
distributed generation are described as follows [10]:

Collect the electrical distribution system dataincluding generator, distribution line, transformer, and

load.

Collect the appropriate DG capacity data for installation in the electrical distribution system.

Collect the data of OCR.

Design the electrica distribution system using ETAP 12.6.

Run a power flow program to obtain the voltage, active and reactive power, current, and power factor

of the electrical distribution system.

Conduct a short circuit (SC) simulation to obtain the minimum value of SC current and SC fault

current in each phase. Furthermore, the simulation of the star protection device is aso carried out to

determine the relay parameters a ong with the coordination system that has been modeled.

Calculate the coordination time interval value (CTI).

Compute the protection coordination index (PIC) value to determine the effect of DG.

There are two conditions that should be checked after obtaining all relay parametersin the simulation

process as follow:

a.  Yes, if the smulation results show that the coordination of OCR matches the standard of IEEE
242,

b.  No, if the simulation results provide that the coordination of OCR doesn’t fulfill the standard of
|EEE 242. In this condition, the OCR parameters should be re-setting.

10) Print out the ssimulation results.

4. Simulation Result and Discussion

A. Time Current Curve (TCC) Curve Analysis

To smplify and easily read the plotting curve of time current curve (TCC) from the simulation results, the
coordination strategy of OCR is divided into three stages. At stage 1, the coordination of OCR is conducted
between the R-PGU2 relay and R-HI-LINE #1 relay. The current time curve of the OCR coordination is shown

inFig. 5.
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Figure 5. Plotting curve of OCR coordination at step 1

From TCC plotting curve as shown in Fig. 5, if there isa minimum short-circuit fault in the load (Bus 6),
the R-F-HILINE #1 relay will react to protect the system where the ingtant value of its relay works at the same
time with the inverse of the R-B6-PV relay. This condition is prohibited according to the cascade method and
protection system standard. More than one OCR can’t work at the same time because it will cause losses and
the safe zone get the effect where it should be disconnected and didn’t get the power flow.

At stage 2, R-F-HILINE#1 relay and R-HILINE #3 relay are coordinated, and the results are shown in Fig.

6.

ANTOS X 2000 BA606LINE #1{T11-P (Mo Kv=0 4. S8 Rt KW=0 4)

Figure 6. Plotting curve of OCR coordination at stage 2
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It could be seen from Fig. 6 that if thereisany short circuit current occurred at HI-LINE #1(T1) transformer
at 5,655 kA, R-HILINE#3 relay will respond fastly as 0.75 seconds. If the R-F-HILINE#3 relay failed to
respond to the faulted, R-F-HILINE #1 will work. TCC is on above the R-HILINE #3 relay and |eadsto the R-
F-HILINE #1 relay. Thiscondition is prohibited because it viol ates the arrangement of relay time working and
may it should be conducted in the layered scheme.

At stage 3, R-HILINE #3 relay and R-PGU2 relay are coordinated. Theresultsareillustrated in Fig. 7.

Anps X 400 IENPANEL (Nom K 36 Aot el KV

o e

35 Mot feal &

Figure 7. Plotting curve of OCR coordination at stage 3

Figure 8. Plotting curve of re-setting OCR coordination at stage 1

It could be seen from Fig. 7 that if thereisa short circuit current of 2.004 kA, the R-HILINE#3 relay works
with the R-PGU2 relay at the same time, this condition is prohibited because it violates the rules of the relay
working time sequence.
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It could be concluded that over current relay should be re-setting to obtain a good coordination relay. The
computation of this condition is using ETAP software. TCC curve which are result in re-setting of OCR relay
isdefined in Figs. 9-10 for stage 1 to 3.

By re-setting of R-B6-PV relay and R-F-HILINE#1 relay values, the TCC curve is obtained as shown in
Fig. 8. The OCR has worked in multi-stage and sequence. The grading time for the time delay between the
primary relay and backup relay has complied with IEEE 242 standards as 0.2 sto 0.4 s. In the OCR relay for
stage 1, the primary relay grading time with abackup relay is0.2 s.

MG HLLNE 24(TY) Y 4

ps X 100 B0 HLLNE 29T V04 Pice Ret av=04)

Figure 9. Plotting curve of re-setting OCR coordination at sage 2

At stage 2, after resetting the OCR as shown in Fig. 9, if there are faults at the transformer, the R-F-
HILINE#L relay will work first and the R-HILINE#3 relay will work as a backup relay when R-F-HILINE#1
relay failsto work. The time interval between primary and backup relays has matched the standards used by
|IEEE 242 asof 0.2s.

B-GENPANEL (Nom W=0 35, Piof Ref &)\

) Sl b
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Figure 10. Flotting curve of re-setting OCR coordination at stage 3

70



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-1SSN: 2963-8577
Vol. 1, No. 1, August 2022, pp. 63-74

At stage 3, after re-setting the OCR as shown in Fig. 10, if there are any faults occurred, R-HILINE#3 relay
worksfirstly and R-PGU2 relay will work as a backup relay when R-F-HILINE#3 relay failsto work. Thetime
interval between primary and backup relays has matched the standards used by |EEE 242 as of 0.3s.

B. Determination of DG Locations

The placement of DG in this study refers to the protection coordination index (PCI) value obtained by
comparing the DG power to be added to the system with the total coordination time interval (CTI) value. The
greater PCI vaue is obtained, the smaller possible changes to the protection system. The type of installed DG
in this study is photovoltaic with100 kVA. To examine the effect of DG on the protection system short circuit
test conducted and DG capacity is increased from 100 kVA to 1000 kVA. This condition is conducted to
determine the PCI value. The data of the short-circuit current at the bus with injected DG power isdepicted in
Table 2. The CTl value can be seenin Fig. 11.

Table 3. Minimum short circuit current at Bus6

DG Capacity (kVA) | Isc Min Bus6 (A)
100 654
200 660
300 668
400 673
500 678
600 683
700 687
800 692
900 695
1000 700

Amps X 10 Bush (Nom MW=20. Plot Rel KW=20

Amps X 10 D (Nom kV=20 Pict Rel k=20

Figure 11. Plotting curve of CTI value

CTI valueisillustrated in Table 3. The greater DG capacity is obtained, the smaller CT1 valueis achieved.
It could be seen from Table 3 that the CTI value converges to 0.294 s after DG injected to the system with
900kVA. The maximum DG capacity isallowed to beinjected to the electrical digtribution system as 900KV A.
The PCI valueisdepicted in Table 4.
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Table4. CTIl Vaue a Bus 6

DG Capacity (kVA) | CTI (Second)
100 0.327
200 0.321
300 0.317
400 0.313
500 0.309
600 0.305
700 0.301
800 0.297
900 0.294
1000 0.294

Table 5. PCl Vaue a Bus6

DG Capacity (kVA) PCI
100 0.30581
200 0.62305
300 0.94637
400 1.27795
500 1.29449
600 1.96721
700 2.32558
800 2.69360
900 3.06122
1000 3.40136

Table 6. Sequence of OCR Operations at Bus 6 without DG

Time (ms) ID Condition
10 R-HILINE#3 Phase — OCI - 50
70 CBT1 Tripped by R-HILINE#3 Phase— OCI — 50
80 CBPGU2 Phase
817 R-F-HILINE#1 | Phase— OCI — 50
917 CB-HL1 Tripped by R-F-HILINE#1 Phase — OCI — 50
1227 CBT1 Phase
31201 RPGU2 Phase — OCI - 50
31231 CBPGU2 Tripped by RPGU2 Phase — OCI — 50
Table 7. Sequence of OCR Operations at Bus 6 with DG
Time (ms) ID Condition
100 R-B6-PV Phase — OCI - 50
200 CB8 Tripped by R-B6-PV Phase — OCI — 50
300 R-F-HILINE#1 | Phase— OCI — 50
400 CB-HL1 Tripped by R-F-HILINE#1 Phase — OCI — 50
500 R-HILINE#3 Phase— OCI - 50
560 CBT1 Tripped by R-HILINE#3 Phase— OCI — 50
1227 CBT1 Phase
18877 RPGU2 Phase— OCI - 50
18907 CBPGU2 Tripped by RPGU2 Phase— OCI — 50

A sequence of OCR operationsfor the electrical distribution system before and after installed DG could be
seenin Tables 5-6.
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It could be seen from Tables 5-6 that there are differences in the working order of the OCR relay. In the

existing system model, thereis an error in the sequence of OCR working time. After adding the DG, it causes
the OCR working time to be degraded.

5. Conclusions
This paper has investigated the effect of DG on protection systemsin the electrical distribution systems. There

are many errors related to relay working order and violate the standard of the protection system. It is complex to
determine the locations of DG to match the protection system standard. Resetting of OCR causes getting sl ower
OCR operating time, but standard grading time and CTI already meet standard. DG injection at distribution
system caused resetting protection systems component for amost 50% based on this study. For Future research
needs more parameter such as voltage drop, loadability and stability system.
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Abstract

Indonesia is a large archipelago with a tropical climate consisting of
dry and wet seasons. Indonesia has had high rainfall and temperature
over the year because this country lies on the equator lines. Moreover,
severe global warming occurs because of the depletion of the ozone
which affects the inclement weather, air, and temperature over the
years. Therefore, special equipment is required to obtain appropriate
thermal conditions by controlling the temperature. This paper
proposed the Pl controller to maintain the temperature in their
nominal values and its temperature stability is analyzed using pole
placement. In this study, the systemmodel is 1% order, called first order
plus dead time (FOPDT). Pole placement is utilized to improve the
output signal to obtain the gain of the PI controller. The gain of the PI
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pol€'s position is on the left side of the real axis and has small values

of overshoot and steady-state error.
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1. Introduction

The increase in global temperature makes people need additional tools to get suitable thermal conditions [1].
With the increase of global temperature, the controlling temperature is needed which aims to design a system and
control the temperature according to the desired temperature using a 1% order system which has been widely used
in system settings [2]. Thisis due to the temperature control having transient response characteristics of 1% order,
these characteristics consist of time constant (1), rise time (tr), settling time (ts), and delay time (tq). The difference
between 1% order and 2™ order is that the response of 2" order doesn’t have atime constant [3].

In addition, a Pl controller with pole placement stability analysisis employed to stabilize the system model. PI

controller has characteristics such as reducing rise time, increasing overshoot, descending time, and eliminating
steady-state error. If the system already gives a good response to increase or reach the desired signal using only
the PI controller, there is no need to add a derivative (D) controller. So, the Pl controller is ssmpler and only has
Kp gain and K; gain values. The steady state error can't be eliminated if the K, gain is greater than the K; gain [4].
The use of pole placement analysis on temperature control isto observe the stahility of the output response system
[5].

Ziegler-Nichols method is one example of atraditional method to determine gain for the system. However, the
result of this method was made the overshoot high and made the tunning result bad. To increase the performance
and make less overshoot from the system, Pl tunning using Pl-Tuner can help to determine the gain with auto
computing and this method will help to get the optimum result.

The output for this paper is comparing the resulting temperature controlling using Pl between tunning gain
with the Ziegler-Nichols method and PI-Tuner. The result was expected to see the effectiveness and stability from
the system with these two methods.
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2. Moddlling
A. Temperature Modeling using First Order Plus Dead Time (FOPDT)
This experiment utilized a first-order system to determine the transfer function of system model. The

mathematical model of system in this study is represented by (1).

T(s) K eds
U(s) - s+ 1 e )
o _OM |

Figure 1. Block diagram of FOPDT

Kisagainvaue, T istimedelay, and td istime constant [4]. The block diagram for determining the parameter
of the transfer function can be seen in Fig. 1. The method for finding the gain K can be obtained by (2).

TSS - TO
K = 2
A 2
Meanwhile, to find T, it is necessary to know the temperature value at T, which is obtained using (3).
63.2
T, = 100 (Tss — To) + To (3

Thus, atemperature T, is obtained when temperature point is determined through curve model. Then, time at
the current point T, can be determined. The predetermined time based on the temperature T is t value.

3. Method

MATLAB/Simulink is used as the main supporting software in modeling this temperature in regulation
system. There are several methods used to adjust the temperature namely duty ratio and determining the gain.
Then, this model is implemented directly using hardware in Arduino and used to develop a temperature control
tool.

A. Temperature Checking
The adjustment of the modeling temperature is conducted by checking the real temperature surrounds, one

example isthe real temperature in the room. The real temperature is checked using DHT11 on Arduino UNO. So,
the ambient temperature can reach as of 31.40° where it can be seen in Fig. 2.
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Figure 2. Temperature checking with DHT11
B. LM35 Calibration
In this temperature modeling, the sensor for temperature control is LM 35. The real room temperature obtained
previously is used to obtain the gain value which will be used for temperature conversion. The software circuit
and the Simulink block diagram circuit of the LM35 calibration are shown in Fig. 3.
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Figure 3. Software circuit LM35

9

Votage

—_— = gl
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Figure 4 Block diagram of LM 35
From Fig. 4, the voltage obtained when calibrating LM 35 is62mV as shownin Fig. 5

Figure 5. Output voltage of LM 35
So, based on Fig. 5, the results of gain calibration are obtained by (4).

Real Temperature

K, 4
Lm3s Calibrate Voltage “)
31.40
Kimzs = —62mV

KLM35 = 0.506 OC/mV
C. Duty Ratio

The use of duty ratio is carried out as a measure of the maximum temperature released by the power resistor

as measured by the LM 35 sensor. The temperature measurement is done by designing ablock diagram on Simulink
as shown Fig. 6.
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Figure 6. Block diagram using duty ratio in MATLAB/Simulink
The saturation given in the block diagram above is the highest voltage value from the power supply. In this
design, the power supply has a maximum voltage of 12 V DC.

D. Gain Determination
D.1. Ziegler-Nichols
Ziegler-Nichols method is the conventional method to get the gain. The Kp and the K, will get from the

calculation which needs some information. The time constant (t) and delay time (td) was needed to get the
calculation of Ky and K. The K, value can get from the cal culation between Kpand T;.

D.2. Pl Tuner
In determining the Pl gain values, the method used is PI tuner. This method simplifies modeling with K, and

K/ values that have been automatically calculated by the computer. This Pl tuner is also used to refine the results
obtained in real-time testing. The following is an adjustment of the gain settings using the PI tuner to obtain afast
rise time but |less overshoot.

e

Figure 7. Pl tuner gain determination

4. Results

MATLAB/SIMULINK is the environment to support this experiment and the system is using first order plus
dead time (FOPDT) for temperature control. A modification was made to the system by using the Pl controller in
Fig7.

A. Gain Determination
A.1. Ziegler-Nichols

In this section, a sample is taken that implements the gain from setting from Ziegler-Nichols method to
temperature control to 60°C. The following isagraph of the results of temperature control for 60°C while thetime
constant was known using the Kp and K; that has been determined by calculation in (5).
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Table 1. ZN Method Gain

Control Kp Ti
Pl =0.9" =L
L 0.3
— 09 481 — ﬂ
40 0.3
=10.8225 =133.33

Then the K, can get from the cal cul ation between Kp and Ti.

Ki %
s (5)
Ki =0,08117

The following is a graph of the results of temperature control for 60°C using the K; and Kp that has been
determined is shown in Fig. 8.

80
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Figure 8. Temperature control using Ziegler-Nichols method

Based on the graph on the implementation, the peak value and the temperature value are not steady with
overshoot is81.73° C.

A.2. Pl tuner
The use of the Pl controller was assisted by computing automatically on SIMULINK while thereisaPl tuner

feature to improve the output signal and reduce the overshoot obtained from the experiment. The results of tuning
using the PI tuner, the K, value is 0.00072231 and the Kp is 0.36095. In this section, a sample is taken that
implements the gain from setting via the Pl tuner to reach 50°C. The following is a graph of the results of

temperature control for 50°C using the K; and Kp that has been determined.
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Figure 9. Temperature control
Based on the graph on the implementation, the peak value and the temperature value are not steady with

overshoot is 50.64° C.
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B. Comparison of Experiment and Simulation
B.1. Zigler-Nichols

The following chart is a comparison of the between simulation and experiment for temperature control of 60°
Celsius.

a0 / i
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Figure 10. Comparison Graph of Experiment with Simulation

Based on the results obtained for controlling the temperature of 60° C, it is possible to find the amount of
overshoot and the steady state error as follows.

Overshoot Temp — Reference Temp

Overshoot = 1009 6
Reference Temp x % ©)
77.99 — 60
Overshoot = —0 X 100%
Overshoot = 29.98%
Then the following is the calculation of the obtained SSE vaue
SSE Temp — Reference Temp
= x 100% (7
Reference Temp
60.9 — 60
ﬁ = — 0,
0 x100%
SE =15%

B.2. Pl Tuner

The following chart is a comparison of the between simulation and experiment for temperature control of 50°
Celcius.
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Figure 11. Comparison graph of experiment and Simulation

Based on the results obtained for controlling the temperature of 50° C, it is possible to find the amount of
overshoot and also the steady state error as follows.
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Overshoot Temp — Reference Temp

t = 1009

Overshoo Reference Temp x %

50.64 — 50
Overshoot = g ¥ 100%
Overshoot = 1.28%

Then the following is the calculation of the obtained SSE value
SSE Temp — Reference Temp
= x100%

Reference Temp

50.13 — 50
SE = —————— x100%

50
SSE 0.26 %

C. Determine The Effective Method

The determining the effective method can be easily with those calculation and experiment before. The aim for
this experiment is to see the less overshoot and SSE between Ziegler-Nichols method and Pl tuner to determine
the more effective method. If we look at the calculation and the experiment before, Pl tuner more effective with
less overshoot and less Steady State Error.

D. Pole Placement Sability Analysis
Based on the modelling of the design results on temperature modelling using first order plus dead time
(FOPDT), the results obtained on FOPDT are as follows.

T(s)  1.57
U(s) 481s+1

—40s

o

100 Gon oo 1000 120 1400 000 1800
T ()

Figure 12. Caculation FOPDT

So based on the value above, it is possible to find the positions of the poles and zeros in this system. The
following are the positions of the poles and zeros in this system which can be found using the following equation.

T(s) Zeros

— —tds
U(s) " Poles € (19
SO,
e Poles
481s+1=0
481s=-1
1
481
s = —0.00207
. Zeros
None
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Thus obtained the position of the poles on the real axis at the point -0.00207 and zeros that do not exit, thisis

due to the absence of sin the zero’s equation. Therefore, the system can be said to be stable. Thisis based on the
absence of the poles on the right side of the Cartesian diagram, and the poles on the left side of the real and
imaginary axes. So there are no poles on theright side
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Figure 13. Cartesian Poles and Zeros Diagram

5. Conclusions

This paper focuses on the implementation of temperature control modeling using the Pl controller with stability

analysis by pole placement. Based on the results of the experimental and simulation figures obtained, it can be
concluded that there is a difference between the experiment and the simulation. Where the differenceis shownin
the rise time, steady-state error, and overshoot. In the simulation the results look idedl, this is because the
simulation does not care about external interference, while in the real experiment many external disturbances
cause noise to appear in the resulting signal. Determining gain with PI tuner is more effective than determining
gain with Ziegler Nichols method with more less overshoot and steady state error. The resulting overshoot from
Ziegler-Nichols is 29.98% and the Steady State Error is 1.5 % while overshoot from PI tuner is 1.28% and the
steady-state error is0.26%. Control using aPl controller isproven stable. This can be seen from the poles position
which isto the left of the real axis on the cartesian diagram and the small overshoot and steady state error value.
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