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Analysis of green supply
chain management performance
with green supply chain operation reference
at the batik enterprise

Abstract

Nowadays, the Hayuningrum Batik Industry keeps trying to optimize the production of batik cloth until the
batik cloth can be accepted by consumers, but the Hayuningrum Batik Industry lacks awareness about
environmental issues. One effort that can be taken is by measuring the performance of Green Supply Chain
Management (GSCM). This study aims to calculate and analyze GSCM performance in the Hayuningrum
Batik Industry in the year 2020 and provide proposed improvement to improve GSCM performance in
the Hayuningrum Batik Industry located in Laweyan, Surakarta. The method used are the Green Supply
Chain Operation Reference (Green SCOR) model approach, weighting with the Analytical Hierachy Process
(AHP) method, and normalization using the Snorm de Boer formula. Based on research conducted, 26 Key
Performance Indicators (KPI) have been verified. The KPI is weighted using the AHP method. Then, the
normalization score has been calculated for each indicator. The results of these measurements show the
value of GSCM performance in the Hayuningrum Batik Industry of 57.42, which means that the performance
is classified as Average. Therefore, the Hayuningrum Batik Industry need to improve their performance.
The proposed improvement is given to each indicator in the Hayuningrum Batik Industry that need to be
prioritized for improvement.

Keywords: Analytical Hierarchy Process; Green Supply Chain Management; Green Supply Chain Operation
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MyHagip X.

MaricTp MalmMHoByayBaHHS, CTapLUMii BUKnagad,

KepiBHUK, naboparopis NPOMUCNOBOI iHXeHepii, iIHXeHepHNI paKynbTeT,

YHiBepcuteT Myxammagii B CypakapTi, CypakapTa, IHooHe3is

Mao6pyka . P.

BUKNana4, kadpenpa npoMmCioBOi iHXeHepIi, IHKeHepPHUN pakynbTeT,

YHiBepcuteT Myxammagii B Cypakaprti, CypakapTa, IHOOHe3ig;

MeHeXep 3 NjaHyBaHHSA Ta KOHTPOJItO 3a 3anacamu, PT Adiwraksa Atyanta

AxyHaigi M.

MaricTp MeHeaXXMeHTY Ta MPOMMCNOBOI iHXXEHEPIi, AOLEHT, kadeapa NPOMUCIIOBOI iHXeHepIl,

iHXXeHepHnI1 dpakynbTeT, YHiBepcuteT Myxammagji B CypakapTi, CypakapTa, IHooHesisa

CypaHTo

PhD (npodeciinHi TexHonorii), ctapwunin Buknagad, AMpekTop, npodecinHa wkona,

YHisepcuteT Myxammagii B CypakapTi, CypakapTa, IHoOHe3iqa

AHanis edbeKTUBHOCTI ynpaBniHHA 3€JIeHNM JIAHLI0)XXKOM MOCTaBOK Yy rany3si 6aTuky

AHoTauia. HuHi 6atuk-iHoycTpis B CypakapTi, 30kpema nignpunemMcTBo «XaltoHiHrpym» (Hayuningrum Batik
Industry) HamaraeTbCcs ONTUMI3yBaTM BUPOOHMUTBO TKAHUHU ANg 6aTuka, NpoTe NignpueMCTBO I rany3b
Yy UinoMy HefoCTaTHbO 06i3HaHI MPO eKOosoriyHi Npobnemu. MeTa HaWoro AOCNIAXEHHSA — BUMIPIOBAHHS
€dEeKTUBHOCTI YyNpaBfiHHS €KONOMYHMM (3eNeHuM) naHuoXKoMm noctaBok (GSCM). Lle pocnipxeHHs
CnpsIMOBaHE Ha PO3PaxyHOK N aHania egpekTnBHOCTIi GSCM «XantoHiHrpym» B 2020 poui M HagaHHS
NPOMO3MLIN LLOAO NOAINWEHb AN NiABULLLEEHHS NPoayKTUBHOCTIGSCM. HanigctaBinpoBeAeHMX AOCAIAXEHb
Oyno nepeBipeHo 26 kno4oBUX nokasHukie epekTnBHOCTI (KPI). KoxHuin nokasHuk KPI 3BaxyBaBcs 3
BUKOPUCTAHHAM MeToAy aHamniTU4HOI iepapxii. MNMoTiM gns KOXHOro nokasHuka OyB po3paxoBaHuii 6an
HOopMani3auii. Pe3ynbrati uux BMMIPIOBAHb MOKa3ylOTb 3HAYEHHST npoaykTuBHOCTI GSCM B 6atmkoBil
NPOMUCAOBOCTI «XanmloHIHrpyMa», piBHe 57,42, W0 03HA4Ya€, WO NPOAYKTUBHICTE KIACU@IKYETbCA §K
cepepnHs. Takum YYMHOM, BUPOOHUKM BaTuka «XartoHiHIpyM» NoTpebyoTe NOMINWEHHS CBOIX MOKa3HWUKIB.
ABTOpamMu 3anNPONOHOBAHO LLASIXM MOKPALLEHHS KOXHOMO 3 HUX.

Knio4yoBi cnoBa: ekofIOriYHUA MEHEO)KMEHT; €KOJIOriYHE YNPaBiHHS  NAHLUIOXKOM  MOCTaBOK,;
NPOOYKTUBHICTb; BaTuKk.

MyHaeup X.

MarncTp MallMHOCTPOEHMs, CTapLUMiA NpenogasaTtesb, PyKOBOAUTESb,

nabopaTtopus MPOMbILLIEHHOM UHXEHEPUN, NHXEHEPHbIN PakynbTeT,

YHueepcutet Myxammaoum B Cypakapte, CypakapTta, NHooHe3ns

Mao6pyka . P.

npenogasaresb, kKadpeapa NPOMbILLIIEHHON UHXEHEPUN, UHXEHEPHbIN haKynbTeT,

YHueepcuteT Myxammaanm B Cypakapte, CypakapTta, HooHesus;

MeHeXXep Mo njaHnpoBaHMIO N KOHTPOUIIO 3a 3anacamu, PT Adiwraksa Atyanta

AxyHanau M.

MarmcTp MeHeaXXMeEHTa 1 NPOMbILLSIEHHON MHXEHEPUMN, OOUEHT, Kadeapa NPOMBbILLIIEHHON NHXEHEPUN,
MHXeHepHbIn dakynbTeT, YHUBepcuteT Myxammaanu B Cypakapte, Cypakapta, MHooHe3us

CypaHTo

PhD (npodeccunoHanbHble TEXHO0MMKM), CTapLunin npenogasaresib, AMPEKTOP, NPodeCcCnoHabHas LWKoNa,
Yuusepcutet Myxammagumn B Cypakapte, CypakapTta, MHooHe3ns

AHanuns adpPpeKkTMBHOCTU ynpassieHUs 3e/IeHOM L,eno4koii NocTaBoK B oTpacnu 6aTtuka
AHHOTauma. B HacTtoswee Bpemsa Oatuk-uHayctpua B CypakapTe, B 4YaCTHOCTM npeanpusatune
«XanoHuHrpym» (Hayuningrum Batik Industry) neitaetca ontumunanpoBatb NMPOU3BOACTBO TKaHW On4
6atnka, ogHaKo NpeanpusaTMe M oTpaciib B LESOM HeOoCTartoO4HO OCBEeAOMIIEHbl 00 SKONOrMYeCcKmnx
npobnemax. Llenb Hawero nccnenoBaHus — nameperHne apePekTUBHOCTU YNpaBieHUss 3KOIOrMYeCKOn
(8eneHon) uenoykor noctaBok (GSCM). 3710 mccnegoBaHMe HanNpaB/ieHO Ha pacyeT M aHanms
adpodpekTnBHocTM GSCM «XantoHnHrpym» B 2020 rogy n npegocTtaBneHue npennaraembix yayyleHun
Ons nosbllleHns npoussoauTenbHocth GSCM. Ha ocHoBaHMKM MPOBEAEHHbIX uUccneaoBaHuin Oblno
npoBepeHo 26 knioyeBbix nokasatenen apdekTneHocTn (KPI). KPI B3BeLwwIMBancsa ¢ Ncnosb30BaHUEM
MeToda aHanuUTUYecKon uepapxun. 3arteM AOnag KaxOaoro nokasatenss Obln paccuutaH  6ann
HopManusaumn. Pe3ynbtarbl 9TUX M3MEPEHUIN NOKa3bliBAOT 3Ha4eHne npomndBoamtensHoctn GSCM B
6aTMKOBOW NPOMBbILLIIEHHOCTU «XallOHUHIpyMa», paBHoe 57,42, 4To 03Ha4aeT, YTO NPON3BOANTENIBHOCTb
knaccuduumpyeTcs Kkak cpegHss. Takum 06pa3om, nponssoanTenn 6atmka «XamtoHNHIPYM» HYXXAAKTCS
B YNYYLLUEHMWN CBOUX NMokasaTenen. ABTopamm NpensioxXeHbl NyTH YAYHLLEHUS KaXa0ro N3 nokasarenen.
KniouyeBble cnoBa: 3KOJIOTMYECKUA MEHEOXXMEHT; 3KOJIOTMYeckoe YrpaBfieHME LEenoyvykon MOCTaBoOK;
NPON3BOAUTENIHOCTbL; BaTUK.

1. Introduction
The Green Theory or issues regarding environmental problems emerged around the 1960s as
a response to the deteriorating quality of the environment and also began to feel the impact of

Munawir, H., Mabrukah, P. R., Djunaidi, M., & Suranto / Economic Annals-XXI (2021), 187(1-2), 139-145

140



ECONOMIC ANNALS-XXI
ECONOMICS AND MANAGEMENT OF ENTERPRISES

global warming, most of which were caused by industrialization. Based on these conditions, then
appeared government regulations such as 1ISO 14000 which is an environmental standard as a
guideline for companies (Hasan and Chan, 2014; Riaz and Saeed, 2020; Wang et al., 2021) and
many people are starting to be interested in buying environmentally friendly products as a form of
concern for the environment (Puspitasari et al., 2020).

GSCM is a combination of environmentally friendly with the activities of procurement of raw ma-
terials, production and processing of raw materials, the distribution system and marketing, and
reverse logistics (Sarkar, 2012). The aim is to consider the environmental impact of all products
and processes to protect the environment. This GSCM concept must be continuously evaluated in
order to be developed. This evaluation process can be realized by measuring the performance of
an environmentally friendly supply chain.

This study aims to calculate and analyze GSCM performance and provide propose improve-
ment to improve GSCM performance in the Hayuningrum Batik Industry. The methods used are
Green Supply Chain Operation Reference (Green SCOR), Analytical Hierarchy Process (AHP)
method, and Snorm de Boer normalization.

Supply Chain Operation Reference (SCOR) is used to measure supply chain performance
and to identify supply chain performance indicators by showing supply chain processes so that it
can be an evaluation in improving the performance in the Hayuningrum Batik Industry. SCOR is a
framework to describe business processes between supply chain components to fulfil consumer
demand while Green SCOR is a modified SCOR, which includes environmental management sys-
tem elements in each process in the SCOR model, namely plan, source, make, deliver, return, and
enable (Putra and Putra, 2018; Rinaldi et al., 2021).

Analytical Hierarchy Process (AHP) is used to determine the priority weights of each criterion.
AHP is a method of measuring pairwise comparisons for complex and unstructured situations into
a hierarchical arrangement and depends on subjective judgments from experts on how important
these criteria are to get priority weighting (Abdel-Basset et al., 2017).

2. Methods and Methodology

The study was conducted at the Hayuningrum Batik Industry located in Laweyan, Surakarta in the
year 2020. The selection of the object of this research because the Hayuningrum Batik Industry has
no awareness of environmental issues. Therefore, the focus of this research is the measurement of
GSCM performance using the Green SCOR model, the AHP method, and the Snorm de Boer nor-
malization. The research steps carried out are divided into three stages, as follows:

The preliminary stage includes the identification of problems, the formulation of the problems
encountered, the determination of research objectives, and the study of literature regarding the
research conducted.

This research has several stages of processing that will complete the raw data obtained pre-
viously; the steps taken are as follows.

2.1. Identifying Metrics for Each Level

Design performance measurements based on the Green SCOR model approach by identifying
Level 1 metrics, namely the GSCM process in the Hayuningrum Batik Industry. Level 2 metrics are
green objective dimensions. Level 3 metrics are indicators of each process.

2.2. Verification of Key Performance Indicator (KPI)

This KPI presents indicators that focus on the environment. The purpose of KPI verifica-
tion is to find out whether the GSCM performance indicators that have been designed are in
accordance with the conditions in the Hayuningrum Batik Industry so that they can be used to
measure performance GSCM in the Hayuningrum Batik Industry. This verification phase is car-
ried out by giving a performance indicators selection questionnaire to the Hayuningrum Batik
Industry owners.

2.3. Weighting with Analytical Hierarchy Process (AHP)

Analytical Hierarchy Process (AHP) is a method for assessing actions by comparing several al-
ternative choices. The purpose of weighting with the AHP is to determine the level of importance
of each level and the existing indicators. The weighting stage with AHP is carried out by giving AHP
questionnaires to the owner and all workers in the Hayuningrum Batik Industry.
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2.4. Normalization Score Calculation Using Snorm De Boer

Snorm de boer normalization is used to equalize the weight and scale of values for each in-
dicator (Rinaldi et al., 2021). The indicators used to consist of two categories those are indica-
tors which if the lower is carried out, the results will be better (1) and the indicators which if the
larger is carried out, the results will be better (2). The results of calculations using these formu-
las produce a score between 0 (worst) to 100 (best). Performance indicator monitoring system
(Nazim et al., 2017) is shown in Table 1.

Table 1:
Performance indicator monitoring system

Source: Compiled by the authors

3. Results and Discussion

3.1. Identification of KPIs

In determining GSCM performance indicators, the researcher reviewed the indicators compiled
by (Putra and Putra, 2018), (Saputra and Fithri, 2012), (VenkatesaNarayanan and Thirunavukka-
rasu, 2021) and (Susanty et al., 2017) which were then adjusted to the conditions in the Hayuningrum
Batik Industry. An indicator selection questionnaire containing 34 KPIs was then given to the Hayunin-
grum Batik Industry owners to verify KPIs. After KPI verification, 26 KPIs were obtained in accordance
with the conditions in the Hayuningrum Batik Industry. The selected KPIs are shown in Table 2.

The selected KPIs (in Table 2) are then calculated using AHP weighting and Snorm de Boer nor-
malization to determine the score of performance indicators which will later the results of those
calculations be used to measure GSCM performance in the Hayuningrum Batik Industry.

3.2. Calculation of AHP Weighting
AHP weighting is carried out at each level in Green SCOR with pairwise comparisons on all as-
pects that exist at each level. Level 1 is the process level consisting of the plan, source, make,

Table 2:
KPIs in the Hayuningrum Batik industry

Code Key performance indicator (KPI)
P11 % of Recyclable / Reusable Materials

P21 Energy Used

P22 Water Used

P23 Fuel Used

S11 % Purchasing of Eco-friendly Materials

S12 % Hazardous Material in Inventory

S21 % of Not Feasible Package

S22 % Products Damage During Storage

S23 % Order Received Damage Free

S31 % Upside Source Flexibility

M11 % Waste (Malam) Generated from Products

M21 % Yield

M22 % Use of Natural Ingredients

M23 % of Synthetic Chemical Used

M31 % Upside Make Flexibility

D11 % of Eco-friendly Vehicle Use

D21 Delivery Scheduling to Maximize Transportation Capacity
D22 Selecting the Shortest Route to Minimize Fuel
D31 % Shipping Document Accuracy

D32 % Deliver Quantity Accuracy

D41 Delivery Cycle Time

D51 Fuel Cost

R11 % of Complaint Regarding the Environment

R12 % of Products Returned

R21 Scheduling Defective Product Replacement

El1l % of Employees who Care about the Environment

Source: Compiled by the authors
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deliver, return, and enable, Level 2 is the green objective dimension, and Level 3 is the GSCM per-
formance indicators in the Hayuningrum Batik Industry. Hierarchy of GSCM performance measu-
rement weight is shown in Figure 1.

Based on Figure 1, it is known that the highest level of weight is found in the sourcing process
with a weight of 0.31. The highest weight of Level 2 is in the enable process, which is knowledge
of green operation with a weight of 1 and the highest weight of Level 3 is in each process with a
weight of 1 because it consists of only one objective.

Figure 1:
Hierarchy of GSCM performance measurement weight
Source: Compiled by the authors

3.3. Calculation of Snorm de Boer Normalization
Snorm de Boer normalization calculation is needed because performance GSCM indicators in
the Hayuningrum Batik Industry have different weights and size scales.

3.4. Calculation of GSCM Performance Final Value

Calculation of the GSCM performance final value is obtained by multiplying each score and
weighting from each level. Calculation of the GSCM performance final value is shown in Table 3.

Based on Table 3, it is known that there are three indicators of the Poor and Marginal categories,
11 indicators of the Average category, nine indicators of the Good category, and the GSCM perfor-
mance in the Hayuningrum Batik Industry of 57.42, where the numbers are included in the Average
category. The greatest performance is obtained in the sourcing process with a performance of 18.58.

3.5. Proposed Improvements

The results of measuring GSCM performance in the Hayuningrum Batik Industry show that the
industry is included in the Average category and this cannot be said to be good, so it needs to
be improved and re-evaluated against existing performance indicators. The suggestions for im-
provement given for indicators with the Poor category are as follows:

The first Poor category indicator is Percentage Purchasing of Eco-friendly Materials and Per-
centage Use of Natural Ingredients. In the Hayuningrum Batik Industry, there is still the use of
chemicals such as remasol and porkasol for dyeing fabrics and chemical fixing materials, name-
ly water glass or Sodium Silicate (Na,SiO,) for the colour locking process. This is due to customer
demand to produce more striking colours and more varied colours, and the price of batik cloth is
lower than the price of batik cloth with natural materials.

Cheap raw materials can be obtained by making a water storage tank to collect rainwater so that
the water requirement for batik production does not cost money or is free (Abu-Zreig et al., 2019),
while for other raw materials it can be done by conducting research on raw material prices at various
suppliers to find the lowest price. Then, to save raw materials, it can be done by reusing batik cloth
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Table 3:
Calculation of the GSCM performance final value
Process Green Objective KPI Score Performance
Plan Maximizing Reuse and Recycle of Resources P11 68.05 9.13
Minimization of Resources and Energy P21 60.04
P22 48.74
P23 54.74
Source Material purchase Si1 39.58 18.58
S12 48.04
Packaging, Storage and Handling of Products S21 75.00
S22 72.92
S23 80.00
Procurement Flexibility S31 65.12
Make Minimization and Management Waste M11 47.73 13.53
Material Use M21 71.77
M22 39.92
M23 50.00
Production Flexibility M31 58.08
Deliver Eco-friendly Shipping D11 75.00 [9.34
Delivery System for Fuel Minimization D21 62.50
D22 75.00
Shipping Documentation Information Systems D31 75.00
D32 72.92
Delivery Time D41 68.75
Shipping Cost D51 75.00
Return Customer Satisfaction of the Company and Products R11 50.00 4.30
R12 66.74
Defective Product Replacement R21 66.67
Enable Knowledge of Green Operations E1l1 25.00 2.53
Final Value of GSCM Performance in the Hayuningrum Batik Industry 57.42

Average
Source: Compiled by the authors

washing water for the same colour of batik cloth, and raw material recycling can be done by ma-
king a stove cross-section to accommodate the scattered «Malam» so that the «Malam» can be
reused for the batik process (Rinaldi et al., 2021).

The second in terms of human, namely by informing customers of the benefits of using natural
materials such as waste from the production of batik cloth which is more environmentally friendly
and safe for health because substances contained in natural materials are easily biodegradable,
produce batik fabrics with more natural, soft and unique colours according to the characteristics
of natural colours, and the aroma of batik cloth that does not smell of chemicals. Natural materials
that can be used are shown in Table 4.

The last Poor category indicator is Percentage of Employees who Care about the Environment.
The suggestions for improvement given by researchers are the first in terms of methods, name-
ly facilitating the batik industry to be environmentally friendly such as by using natural materials,
having a liquid waste filtering tool and an environmentally friendly distribution system. The use of
natural materials for the production process of batik cloth is shown in Table 4.

Table 4:
Natural materials for Batik production
Natural Dyes Colour

Indigofera Blue
Secang Red
Tingi Brown
Tegeran Yellow
Jambal Brownish Yellow
Jolawe Yellow/ Orange/ Brown
Mahogany Brownish Red
Meer Wood Magenta/ Pink
Noni Brick Red
Noni Root Brown
Mangosteen Skin Red/ Purple
Jackfruit Wood Light Yellow
Natural Fixation Colour
Alum -
Tunjung -
Chalk -

Source: Compiled by the authors
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4. Conclusion

The measurement of GSCM performance in the Hayuningrum Batik Industry in 2020 is used
to monitor the performance of GSCM in this batik industry, such as knowing the position of the
Hayuningrum Batik Industry towards the objectives to be achieved and also its competitors as well
as to determine improvement strategies in order to create a competitive advantage.

Green SCOR is a framework that can describe business process activities between supply
chain components related to environmental concern so that it can be used as a tool to manage
the environmental impact of a supply chain network and the AHP method is used to calculate the
weighting at each level in Green SCOR so that priority weights can be obtained for each of the
existing criteria.

The final score of the GSCM performance in the Hayuningrum Batik Industry is in the average
category so it is necessary to make improvements and re-evaluation of each indicator to be able
to improve the performance of GSCM in this batik industry so that the Hayuningrum Batik Industry
can care more about the environment.
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