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Green Supply Chain Performance Measurement using Green SCOR
Model in Agriculture Industry: A Case Study

ABSTRACT

The agriculture industry has proliferated in the last decades, increasing the environmental footprint. There
are several development concepts such as integrating the ecological aspect to the supply chain to reduce
environmental degradation. In implementing the idea, companies in the agriculture industry need to evaluate
their performance in the environmental area. This measurement uses the Green Supply Chain Operations
Reference (GSCOR) Model that provides its entire supply chain aspect. This study showed that the performance
measurement produces a 6.357 value in the yellow color category or with the average condition. The result from
the performance indicator shows 6 KPI in the green, 6 in the yellow, and 3 with the red classification.

Keywords: Agriculture Industry, Green Supply Chain, Green Supply Chain Operations Reference (GSCOR),
Performance Measurement.

Introduction

The agriculture industry has proliferated in the past 50 years to accommodate the demand escalation in the
rural area and export sector[1]. The biggest obstacle faced by the agriculture industry is the challenge of
environmental issues[2]. According to Vermeulen et al.[3], the agriculture industry is the main contributor to
emissions that contribute more than 19% of the global emission of greenhouse gases. The modern agriculture
system uses various resources that increase the environmental footprint, such as agrochemicals contamination,
fossil fuels, and high energy and water use[4]. Therefore, various concepts have been expertly developed to
reduce environmental degradation, such as integrating ecological aspects and supply chain management, which
produce green supply chain management concepts[5].

This solution aims to develop the performance of an organization regarding environmental management,
performance supply chain, and green supply chain initiation [6,7]. However, measuring the green supply chain
performance has been studied across a wide range of industries. Saputra et al. [8] conducted the performance
development of pulp and paper companies, leading to integration between internal and external stakeholders.
Susanty et al. [9] implemented a green supply chain that focused on developing performance indicators in
environmentally friendly raw materials. Suryaningrat et al. [10] determined the development of performance
indicators in ribbed smoke sheet companies. According to the previous research, it is seen that different
literature illustrates different combinations in developing performance measurement. This study contributes a
new approach using GSCOR, AHP, OMAX, and TLS methods and the development approach in a new area
based on the needs of the agriculture industry that focus on highland vegetables in several criteria, attributes,
and performance indicators.

This research was conducted in a company specializing in agriculture, specifically highland vegetables that do
seeding, cultivation, processing, packaging, and export. In adapting the green supply chain idea, the
organization needs to examine its operations to ensure that this would construct its performance throughout
the ecological area.
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Methods

This research was conducted with the conceptual framework design by examining the entire supply chain of the
company, which includes suppliers to the customer. Hence, the concept begins with collecting data, processing
the data gradually, and making a conclusion.

Data Collection

Data was collected through interviews and questionnaires, which produced qualitative and quantitative data.
Gathering data through interviews determined the needs of the industry. Collecting with questionnaires was
divided into several steps, such as scoring the importance of each parameter with pairwise comparison.

Systematic of Performance Measurement

Step 1: Designing The Measurement Model

To design the model, the GSCOR process is used to measure the environmental footprint based on the standards
[7]. The first stage is designing the green requirement that considers industry, stakeholders, and literature
review. Afterwards, the green objectives are developed from the green requirements. The final stage is forming

the criteria, attributes, and performance indicator that refers to the green objective for each stakeholder using
the GSCOR metric.

Step 2: Determining The Weight of Parameter

The Analytical Hierarchy Process (AHP) technique is employed to provide weights and prioritize each criteria,
attributes, and performance indicators [11]. Data process using the AHP method assisted by the Software
Expert Choice v.11, which help to calculate the weighting stage.

Step 3: Scoring System

Objective Matrix (OMAX) is applied to generate the performance score and the index for each parameter [12].
OMAX connects every criteria on performance into a model [13]. Moreover, the systematic of the OMAX method
is first defined by establishing the level minimum score, which will be the minimum targeted achievement in
performance indicators. Afterward, the value or score optimistic and pessimistic is established to determine for
scale 10 (Optimistic) and 0 (Pessimistic) in the OMAX metrics (See table 5). To decide other scales in the metrics,
it is calculated with an equation below.

Y(h)-Y ()

AX(Lh) = XMXQ0) ]

Where,

4X 1, h)is interval number level between highest scale and lowest scale
X (h)is high number level scale

X (@)is low number level scale

Y (h)is high value level scale

Y (@Dis low value level scale

After determining each value in the scale, determine the level of achievement with current performance. Data
weighting from AHP considers fulfilling the weight value in OMAX and multiple by the level of achievement
from current performance. The result from OMAX is evaluated using a Traffic Light System (TLS), which
measuring the results with three colors; green for an excellent results, yellow as the parameter for an average
result, and red is category for poor results[14].
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Result and Discussion

This section shows the result of calculating performance from designing the model to a scoring system. For each
stage, we discussed the model result, which consists of green requirement, green objective, and the GSCOR
metrics. Then we use the parameters to apply the weighting and scoring system to identify performance.

Green Requirements Identification

The preparation of green requirements consists of the needs from the industry that consider environmental
aspects. Green requirements show the stakeholders are a part of the company concerned in the supply chain
system, so defining the stakeholder will lead to the needs of each part of it. The following content is an overview
of the green requirements with the code for each condition.

Supplier
1. Environmentally friendly material or substance (GR1).
2. Environmental Management System (EMS) or ISO 14001 certification (GR2).

Direct Employee
1. The employee understanding of Standard Operation Procedure (SOP) in the assigned task (GR3).
2. Training on environmental aspects and job requirements (GR4).

Production

1. Managing Good Agricultural Practices (GAP) (GR5).

2. Managing Hazard Analysis Critical Control Point (HACCP) (GR6).
3. Availability of technology to support cleaner production (GR7).

Logistic
1. Availability of packaging materials and storage media for delivery by the terms and the required quantity
(GR 8).

2. Cleaner warehouse operation (GR9).
3. Complete shipping documentation and reliable information system (GR10).

Marketing
1. Legal and environmentally friendly requirements to minimize the number of customer complaints (GR 11).
2. Convenience administration (Document requirement, Estimate Time Arrival (ETA), etc.) (GR 12).

Purchasing

1. Purchase of environmentally friendly goods (GR 13).
2. Reliable information system to procure goods (GR 14).
3. Supplier monitoring (GR 15).

Green Objective Identification

The objective is the result to be achieved at a particular time. The determination of the goal is considered with
the correlation of stakeholder needs, such as selecting the right supplier according to environmental
friendliness, which is considered by purchasing who needs to order environmentally friendly material. Table
1 illustrates the output of completing the green requirements with green objectives.
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Table 1. Green Objective

No Green objective Stakeholder Realization of green requirement
1 Selection of the right sup.plier.according Purchasing GR13
to environmental friendliness
Envi tally fiendl li
2 nvironmentally Hendly supphet Supplier, purchasing GR1, GR15
performance
S lier, chasing,
3 Delivery with enviromental aspect HPPH lr pllr Sme GR2, GR5, GR8, GR9, GR10, GR14
ogistic
L Supplier, direct
Minimize the use of hazardous . GR1, GR4, GR5, GR6, GR7, GRS,
4 . employee, production,
materials L . GR13
logistic, purchasing
5 Minimize the use of resources (material, Supplier, overall unitin GR2, GR3, GR4, GR7, GR9, GR11,
energy, fuel, water, etc) the company GR12,GR14
Supplier, direct
Minimization and handling of Hppet direct
6 employee, production, GR2, GR3, GR5, GR6, GR9
hazardous waste ..
logistic
O 11 unit in thy
7 Reuse of resources verall Hmbinthe GR3, GR4, GR5
company
Worker traini di Direct employee,
orker training regarding green
8 TAIIING TESATTING production, logistic, GR3, GR5, GR7, GRY, GR14
business requirements .
purchasing
Supplier, production , GR1, GR2, GR5, GR6, GR7, GRS,
9 Food safety

logistic, purchasing

GR13

Formulation Metrics Green Supply Chain Operations Reference

The preparation of criteria, attributes, and performance indicators refers to each green objective for each
stakeholder. Each parameter is adopted from previous case studies. One of the determinations of this process is
consideration of performance indicators on products returns, which fulfill the concept of food safety that the
company must be able to ensure the safe production and environmentally friendly product, so there are no
complaints from the customer regarding products that are not following the food safety and environmental
concern. However, some parameters such as criteria and indicators in fuel consumption are added to develop
the parameter (See table 2). Fuel consumption constitutes a significant proportion of emissions through
agriculture, especially fuel that comes from fossil [15]. Therefore, determining the indicator is essential to
reduce emission through the efficient use of fossil fuel from various agricultural activities [16]. In addition,
enable criteria are added to know how exactly the industry is managing the human resources on the supply
chain [7].



Table 2. GSCOR metrics

Criteria Configuration Attributes No Performance indicator References
1 Energy usage
Plan Plan r.nake , Reliability 2 Water usage [17,18]
deliver 3 Fuel consumption
4 % Synthetic chemical usage
5 % Supplier with an EMS or ISO
14001 certification
Source Source stocked Reliability 6 '% of suppliers m'eetin'g ' [9.19]
product environmental metrics/criteria
7 % of hazardous material in
inventory
8 % Material efficiency

% of recycleable product
9 to/ ¢ ducti [20,21]
Make Make to stock Reliability wastefscrap from production
10 % Hazardous waste as % of total
waste

11 % Hazardous waste treatment

. Deliver stocked . % of vehicle fuel derived from
Deliver Reliability 12 . [8]
product alternative fuels
Reliability 13 % of product return
Return Return defective % of complaints regarding missing
product Responsiveness 14 environmental requirements from [10,21]
product
Manage supply

. % Employee trained on
Enable chain human Assets 15 0 ploy . [8]
enviromental requirements
resources

Metrics that have been used to measure the green supply chain model are defined as follows:

1.
2.
3.

© ®

10.

11.
12.

13.

Energy usage (KPI1) is the total electricity used to produce products. Unit: kwh/ton

Water usage (KPI2) is the total use of water to produce products. Unit: m3/ton

Fuel consumption (KPI3) is the total use of fossil fuel, for example, solar, to deliver or produce products.
Unit: liter/ton

% Synthetic chemical usage (KP4) is the percentage of total pesticides or other chemical in the production
system, such as controlling pests and washing products.

% Suppliers with an EMS or ISO 14001 (KPI5) the portion of the overall supply companies with ecological
accreditation.

% of suppliers meeting environmental metrics or criteria (KPI6) is the percentage of suppliers with
environmentally friendly products or an agreement with the company.

% Hazardous materials in inventory (KPI7) is the percentage of materials that are unable to be recycled
and causing environmental damage.

% Material efficiency (KPIS8) is the percentage of raw material usage in production.

% of recyclable product waste or scrap (KPI9) is the percentage of recycled products in production.

% Hazardous waste as % of total waste (KPI10) is the percentage of hazardous waste such as chemical and
non-recycled material.

% Hazardous waste treatment (KPI11) is the percentage of recycled hazardous waste.

% of vehicle fuel derived from alternative fuels (KPI12) is the percentage of total vehicles that are
environmentally friendly.

% of product return (KPI13) is the percentage of returns from the customer.
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14. % of complaints regarding missing environmental requirements from product (KPI14) is the number of
customer complaints regarding the environment.

15. % employee trained on environmental requirements (KPI15) is the percentage of the number of workers
equipped with knowledge of environmental friendliness.

The result from the GSCOR metric is configured to follow towards the accomplishment of the green objective
through the performance indicator displayed in table 3.

Table 3. Structuring performance indicator

No Green objective Performance indicator
Selection of the right supplier according to environmental KPE5
friendliness
2 Environmentally fiendly supplier performance KPI6
3 Delivery with enviromental aspect KPI12
4 Minimize the use of hazardous materials KPI7
KPI1
5 Minimize the use of resources (material, energy, fuel, KPI2
water, etc) KPIS
KPI3
KPI4
6 Minimization and handling of hazardous waste KPI10
KPI11
7 Reuse of resources KPI9
KPI13
8 Worker training regarding green business requirements KPI15
Food safety KPI14
Weighting Result

Weighting result is calculated using Expert Choice software v.11 that shows the weight of all the criteria,
attributes, and performance indicators. The overall results on the weighting are shown in table 4. Based on
table 4, the weighting results from the perspective of the most significant final weight on the enable criteria
with attributes of assets, and KPI15, which are indicators of employee management in environmental training,
are 0.453. Meanwhile, the final weight with the most negligible value is the return criteria on the responsiveness
attribute regarding KPI14, which means that complaint handling has a total weight of 0.005.
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Table 4. Weighting Result

Criteric Weight Attributes Weight Pifgfgfotce Weight v’vreoitg?t

Plan 0.190 Reliability 1 KPI1 0.054 0.010

KPI2 0.249 0.047

KPI 3 0.105 0.020

KPI4 0.592 0.112

Source 0.190 Reliability 1 KPI5 0.091 0.017

KPI6 0.091 0.017

KPI17 0.818 0.155

Make 0.105 Reliability 1 KPIS8 0.278 0.029

KPI9 0.043 0.005

KPI10 0.251 0.026

KPI11 0.428 0.045

Deliver 0.032 Reliability 1 KPI12 1 0.032

Return 0.029 Reliability 0.833 KPI13 1 0.024

Responsiveness 0.167 KPI 14 1 0.005

Enable 0.453 Assets 1 KPI15 1 0.453
Scoring System

The scoring system uses the OMAX and TLS methods to determine the score and value of the green supply
chain performance[22]. The assessment weight in the OMAX technique incorporates input from the AHP
method. An example of the matrix calculation on the OMAX method is mentioned in table 5. Table 5
demonstrates that KPI1, KPI2, and KPI4 have a yellow color, representing average performance on every
indicator. Also, KPI2 denotes an average performance that shows red color.

After calculating the entire scoring procedure, the overall scoring stages have depicted the outcome in Table 6.
As indicated in Table 6, the overall score from each performance indicator gives a value of 6,357 and is
categorized as yellow, which implies that the green supply chain is now in the average performance. From fifty
performance indicators, there are six performance indicators in the excellent or green category, six in the
average or yellow category, and three in the poor or red category.

In table 6, each result in several indicators needs to be improved, for example, high priority values in poor
categories indicated red. The table shows that three indicators are in the red category (KPI7, KPI2, and KPI10).
KPI7 describes hazardous materials stored in inventory, which means dangerous material is used to produce a
product. KPI10 is an indicator of hazardous waste generated during the production process. To control and
prevent KPI7 and 10, special handling of hazardous materials is required, such as using material safety data
sheets. Therefore, the material can be replaced with more environmentally friendly materials such as green oil
and lubricants[23] and biodegradable natural rubber latex gloves[24]. KPI2 is an indicator of water use to
support the production of a product. To control waste of water, the water pinch analysis method can be added,
and that is an approach to calculate the minimal water requirement (MWR) and minimal effluent treatment

MET) [25].
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Table 5. OMAX Method on Plan-Criteria

KPI 1 2 3 4
Performance 225.128 210  92.908 98.822%
10 213.872 190 83.617 88.822%
9 215.480 191.429 84.944 90.251%
8 217.088 192.857 86.271 91.679%
7 218.696 194.286 87.599 93.108%
6 220.304 195.714 88.926 94.536%
Scale 5 221912 197.143 90.253 95.965%
4 223.520 198.571 91.580 97.393%
3 225.128 200 92.908 98.822%
2 228.880- 96.004 99.215%
1 232.632 216.667 99.101 99.607%
0 236.384 225 102.198 100%
Score 3 1.8 3 3
Weight 0.010 0.047 0.020 0.112
Value 0.031 0.085 0.060 0.337
Table 6. Scoring Result.
Performance Level
indicator alue achievement Color
KPI1 0.031 3
KPI2 0.085 1.800 -
KPI3 0.060 3
KPI4 0.337 3
KPI5 0.052 3
KPI6 0.173 10
KPI7 0.233 1.497 .
KPIS8 0.156 5.333
KPI9 0.045 10
KPI10 0.035 1.333
KPI11 0.449 10
KPI12 0.097 3
KPI13 0.024 10
KPI14 0.049 10
KPI15 4.532 10
Total 6.357
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Conclusion

According to the result, it can be inferred that the final number of the performance assessment using the
GSCOR model is in yellow with a value of 6,357 which represents an average category. This outcome still
requires improvement on numerous prioritized metrics that will lead to changing the way business processes in
agriculture address environmental challenges. Further research is expected to improve the performance
indicators that can be done by establishing standard indicators such as ISO 14001 or export standards from
certain locations that have prioritized green industries.
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Green Supply Chain Performance Measurement using Green SCOR
Model in Agriculture Industry: A Case Study

ABSTRACT

The agriculture industry has proliferated in the last decades, increasing the environmental footprint. There
are several development concepts such as integrating the ecological aspect to the supply chain to reduce
environmental degradation. In implementing the idea, companies in the agriculture industry need to evaluate
their performance in the environmental area. This measurement uses the Green Supply Chain Operations
Reference (GSCOR) Model that provides its entire supply chain aspect. [This study showed that the performance
measurement produces a 6.357 value in the yellow color category or with the average condition. The result from
the performance indicator shows 6 KPI in the green, 6 in the yellow, and 3 with the red classiﬁcation.[

Keywords: Agriculture Industry, Green Supply Chain, Green Supply Chain Operations Reference (GSCOR),
Performance Measurement.

Introduction

The agriculture industry has proliferated in the past 50 years to accommodate the demand escalation in the
rural area and export sector[1]. The biggest obstacle faced by the agriculture industry is the challenge of
environmental issues[2]. According to Vermeulen et al.[3], the agriculture industry is the main contributor to
emissions that contribute more than 19% of the global emission of greenhouse gases. The modern agriculture
system uses various resources that increase the environmental footprint, such as agrochemicals contamination,
fossil fuels, and high energy and water use[4]. Therefore, various concepts have been expertly developed to
reduce environmental degradation, such as integrating ecological aspects and supply chain management, which
produce green supply chain management concepts[5].

This solution aims to develop the performance of an organization regarding environmental management,
performance supply chain, and green supply chain initiation [6,7]. However, measuring the green supply chain
performance has been studied across a wide range of industries. Saputra et al. [8] conducted the performance
development of pulp and paper companies, leading to integration between internal and external stakeholders.
Susanty et al. [9] implemented a green supply chain that focused on developing performance indicators in
environmentally friendly raw materials.[Suryaningrat et al. [10] determined the development of performance

indicators in ribbed smoke sheet companies. According to the previous research, it is seen that different

literature illustrates different combinations in developing performance measurement. [This study contributes a

new approach using GSCOR, AHP, OMAX, and TLS methods and the development approach in a new area
based on the needs of the agriculture industry that focus on highland vegetables in several criteria, attributes,
and performance indicators.

This research was conducted in a company specializing in agriculture, specifically highland vegetables that do
seeding, cultivation, processing, packaging, and export. In adapting the green supply chain idea, the
organization needs to examine its operations to ensure that this would construct its performance throughout
the ecological area.
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Methods

This research was conducted with the conceptual framework design by examining the entire supply chain of the
company, which includes suppliers to the customer. Hence, the concept begins with collecting data, processing
the data gradually, and making a conclusion.

Data Collection

Data was collected through interviews and questionnaires, which produced qualitative and quantitative data.
Gathering data through interviews determined the needs of the industry. Collecting with questionnaires was
divided into several steps, such as scoring the importance of each parameter with pairwise comparison.

Systematic of Performance Measurement

Step 1: Designing The Measurement Model

To design the model, the GSCOR process is used to measure the environmental footprint based on the standards
[7]. The first stage is designing the green requirement that considers industry, stakeholders, and literature
review. Afterwards, the green objectives are developed from the green requirements. The final stage is forming
the criteria, attributes, and performance indicator that refers to the green objective for each stakeholder using
the GSCOR metric.

Step 2: Determining The Weight of Parameter

The Analytical Hierarchy Process (AHP) technique is employed to provide weights and prioritize each criteria,
attributes, and performance indicators [11]. Data process using the AHP method assisted by the Software
Expert Choice v.11, which help to calculate the weighting stage.

Step 3: Scoring System

Objective Matrix (OMAX) is applied to generate the performance score and the index for each parameter [12].
OMAX connects every criteria on performance into a model [13]. Moreover, the systematic of the OMAX method
is first defined by establishing the level minimum score, which will be the minimum targeted achievement in
performance indicators. Afterward, the value or score optimistic and pessimistic is established to determine for
scale 10 (Optimistic) and 0 (Pessimistic) in the OMAX metrics (See table 5). To decide other scales in the metrics,
it is calculated with an equation below.

_
AIG ) = Ho=E0 M

Where,

AX (1, h) is interval number level between highest scale and lowest scale
X (h) is high number level scale

X (1) is low number level scale

Y (h) is high value level scale

Y (1) is low value level scale

After determining each value in the scale, determine the level of achievement with current performance. Data
weighting from AHP considers fulfilling the weight value in OMAX and multiple by the level of achievement
from current performance. The result from OMAX is evaluated using a Traffic Light System (TLS), which
measuring the results with three colors; green for an excellent results, yellow as the parameter for an average
result, and red is category for poor results[14].



[Result and Discussion|

This section shows the result of calculating performance from designing the model to a scoring system. For each
stage, we discussed the model result, which consists of green requirement, green objective, and the GSCOR
metrics. Then we use the parameters to apply the weighting and scoring system to identify performance.

Green Requirements Identification

The preparation of green requirements consists of the needs from the industry that consider environmental
aspects. Green requirements show the stakeholders are a part of the company concerned in the supply chain
system, so defining the stakeholder will lead to the needs of each part of it. The following content is an overview
of the green requirements with the code for each condition.

Supplier
1. Environmentally friendly material or substance (GR1).
2. Environmental Management System (EMS) or ISO 14001 certification (GR2).

Direct Employee
1. The employee understanding of Standard Operation Procedure (SOP) in the assigned task (GR3).
2. Training on environmental aspects and job requirements (GR4).

Production

1. Managing Good Agricultural Practices (GAP) (GR5).

2. Managing Hazard Analysis Critical Control Point (HACCP) (GR6).
3. Availability of technology to support cleaner production (GR7).

Logistic
1. Auvailability of packaging materials and storage media for delivery by the terms and the required quantity
(GR 8).

2. Cleaner warehouse operation (GR9).
3. Complete shipping documentation and reliable information system (GR10).

Marketing
1. Legal and environmentally friendly requirements to minimize the number of customer complaints (GR 11).
2. Convenience administration (Document requirement, Estimate Time Arrival (ETA), etc.) (GR 12).

Purchasing

1. Purchase of environmentally friendly goods (GR 13).
2. Reliable information system to procure goods (GR 14).
3. Supplier monitoring (GR 15).

Green Objective Identification

The objective is the result to be achieved at a particular time. The determination of the goal is considered with
the correlation of stakeholder needs, such as selecting the right supplier according to environmental
friendliness, which is considered by purchasing who needs to order environmentally friendly material. Table
1 illustrates the output of completing the green requirements with green objectives.
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Table 1. Green Objective
No Green objective Stakeholder Realization of green requirement

Selection of the right supplier according X
1 K A . Purchasing GR13
to environmental friendliness

Environmentally fiendly supplier i X
2 Supplier, purchasing GR1, GR15
performance

. i X Supplier, purchasing,
3 Delivery with enviromental aspect o . . GR2, GR5, GR8, GR9, GR10, GR14
logistic Supplier, direct

employee, production,

Minimize the use of hazardous o i GR1, GR4, GR5, GR6, GR7, GRS,
4 . logistic, purchasing
materials . . GR13
Supplier, overall unit in
5 Minimize the use of resources (material, the company GR2, GR3, GR4, GR7, GR9, GR11,
energy, fuel, water, etc) Supplier, direct GR12, GR14

employee, production,
Minimization and handling of poy 'p . -
6 logistic GR2, GR3, GR5, GR6, GR9
hazardous waste .
Overall unit in the

company
7 Reuse of resources . GR3, GR4, GR5
Direct employee,

L . production, logistic,
Worker training regarding green i
8 A N purchasing GR3, GR5, GR7, GR9, GR14
business requirements X R
Supplier, production ,

logistic, purchasing GR1, GR2, GR5, GR6, GR7, GRS,

9 Food safety GR13

Formulation Metrics Green Supply Chain Operations Reference

The preparation of criteria, attributes, and performance indicators refers to each green objective for each
stakeholder. Each parameter is adopted from previous case studies. One of the determinations of this process is
consideration of performance indicators on products returns, which fulfill the concept of food safety that the
company must be able to ensure the safe production and environmentally friendly product, so there are no
complaints from the customer regarding products that are not following the food safety and environmental
concern. However, some parameters such as criteria and indicators in fuel consumption are added to develop
the parameter (See table 2). Fuel consumption constitutes a significant proportion of emissions through
agriculture, especially fuel that comes from fossil [15]. Therefore, determining the indicator is essential to
reduce emission through the efficient use of fossil fuel from various agricultural activities [16]. In addition,
enable criteria are added to know how exactly the industry is managing the human resources on the supply
chain [7].



Table 2. GSCOR metrics

Criteria  Configuration Attributes No Performance indicator References
1 Energy usage
Plan Plan {nake, Reliability 2 Water usage [17,18]
deliver 3 Fuel consumption
4 % Synthetic chemical usage
5 % Supplier with an EMS or ISO
14001 certification
Source Source stocked Reliability 6 .% of suppliers m.eetin'g ‘ 9,19]
product environmental metrics/criteria
7 % of hazardous material in
inventory
8 % Material efficiency
9 % of recycleable producF [20.21]
Make Maketostock  Reliability waste/serap from production
10 % Hazardous waste as % of total
waste
11 % Hazardous waste treatment
Deliver Deliver stocked Reliability 19 % of vehicle fuell derived from 8]
product alternative fuels
Reliability 13 % of product return
Return Return defective % of complaints regarding missing
product Responsiveness 14 environmental requirements from [10,21]
product

Manage supply % Empl trained
. mployee trained on
Enable  chain human Assets 15 D ploy K [8]
enviromental requirements
resources

Metrics that have been used to measure the green supply chain model are defined as follows:

1
2.
3.

4.

10.

11.
12.

13.

Energy usage (KPI1) is the total electricity used to produce products. Unit: kwh/ton

Water usage (KPI2) is the total use of water to produce products. Unit: m3/ton

Fuel consumption (KPI3) is the total use of fossil fuel, for example, solar, to deliver or produce products.
Unit: liter/ton

% Synthetic chemical usage (KP4) is the percentage of total pesticides or other chemical in the production
system, such as controlling pests and washing products.

% Suppliers with an EMS or ISO 14001 (KPI5) the portion of the overall supply companies with ecological
accreditation.

% of suppliers meeting environmental metrics or criteria (KPI6) is the percentage of suppliers with
environmentally friendly products or an agreement with the company.

% Hazardous materials in inventory (KPI7) is the percentage of materials that are unable to be recycled
and causing environmental damage.

% Material efficiency (KPI8) is the percentage of raw material usage in production.

% of recyclable product waste or scrap (KPI9) is the percentage of recycled products in production.

% Hazardous waste as % of total waste (KPI10) is the percentage of hazardous waste such as chemical and
non-recycled material.

% Hazardous waste treatment (KPI11) is the percentage of recycled hazardous waste.

% of vehicle fuel derived from alternative fuels (KPI12) is the percentage of total vehicles that are
environmentally friendly.

% of product return (KPI13) is the percentage of returns from the customer.



14. % of complaints regarding missing environmental requirements from product (KPI14) is the number of
customer complaints regarding the environment.

15. % employee trained on environmental requirements (KPI15) is the percentage of the number of workers
equipped with knowledge of environmental friendliness.

The result from the GSCOR metric is configured to follow towards the accomplishment of the green objective
through the performance indicator displayed in table 3.

Table 3. Structuring performance indicator

No Green objective Performance indicator
Selection of the right supplier according to environmental KPI5
friendliness
2 Environmentally fiendly supplier performance KPI6
Delivery with enviromental aspect KPI12
4 Minimize the use of hazardous materials KPI7
KPI1
5 Minimize the use of resources (material, energy, fuel, KPI2
water, etc) KPIS
KPI3
KP4
6 Minimization and handling of hazardous waste KPI10
KPI11
7 Reuse of resources KPI9
KPI13
8 Worker training regarding green business requirements KPI15
Food safety KPI14
Weighting Result

Weighting result is calculated using Expert Choice software v.11 that shows the weight of all the criteria,
attributes, and performance indicators. The overall results on the weighting are shown in table 4. Based on
table 4, the weighting results from the perspective of the most significant final weight on the enable criteria
with attributes of assets, and KPI15, which are indicators of employee management in environmental training,
are 0.453. Meanwhile, the final weight with the most negligible value is the return criteria on the responsiveness
attribute regarding KPI14, which means that complaint handling has a total weight of 0.005.



Table 4. Weighting Result

Criteria Weight  Attributes Weight Pifg:;::;ce Weight vj;;ft
Plan  0.190 Reliability 1 KPI1 0.054 0.010
KPI2 0.249 0.047

KPI 3 0.105 0.020

KPI 4 0.592 0.112

Source  0.190 Reliability 1 KPI 5 0.091 0.017
KPI 6 0.091 0.017

KPI7 0.818 0.155

Make 0.105 Reliability 1 KPI8 0.278 0.029
KPI9 0.043 0.005

KPI10 0.251 0.026

KPI11 0.428 0.045

Deliver 0.032 Reliability 1 KPI12 1 0.032
Return 0.029 Reliability 0.833 KPI13 1 0.024
Responsiveness 0.167 KPI 14 1 0.005

Enable 0.453 Assets 1 KPI 15 1 0.453

Scoring System

The scoring system uses the OMAX and TLS methods to determine the score and value of the green supply
chain performance[22]. The assessment weight in the OMAX technique incorporates input from the AHP
method. An example of the matrix calculation on the OMAX method is mentioned in table 5. Table 5
demonstrates that KPI1, KPI2, and KPI4 have a yellow color, representing average performance on every
indicator. Also, KPI2 denotes an average performance that shows red color.

After calculating the entire scoring procedure, the overall scoring stages have depicted the outcome in Table 6.
As indicated in Table 6, the overall score from each performance indicator gives a value of 6,357 and is
categorized as yellow, which implies that the green supply chain is now in the average performance. From fifty
performance indicators, there are six performance indicators in the excellent or green category, six in the
average or yellow category, and three in the poor or red category.

In table 6, each result in several indicators needs to be improved, for example, high priority values in poor
categories indicated red. The table shows that three indicators are in the red category (KPI7, KPI2, and KPI10).
KPI7 describes hazardous materials stored in inventory, which means dangerous material is used to produce a
product. KPI10 is an indicator of hazardous waste generated during the production process. To control and
prevent KPI7 and 10, special handling of hazardous materials is required, such as using material safety data
sheets. Therefore, the material can be replaced with more environmentally friendly materials such as green oil
and lubricants[23] and biodegradable natural rubber latex gloves[24]. KPI2 is an indicator of water use to
support the production of a product. To control waste of water, the water pinch analysis method can be added,
and that is an approach to calculate the minimal water requirement (MWR) and minimal effluent treatment

(MET) [25].



Table 5. OMAX Method on Plan-Criteria

KPI 1

2

3

4

Performance 225.128

210

92.908

98.822%

=
(=}

213.872
215.480
217.088
218.696
220.304
221.912
223.520
225.128

Scale

232.632
236.384

S = N W s Ot 9 o ©

190
191.429
192.857
194.286
195.714
197.143
198.571

200

216.667
225

83.617
84.944
86.271
87.599
88.926
90.253
91.580
92.908

228.850 [EUNIN 96.004

99.101
102.198

88.822%
90.251%
91.679%
93.108%
94.536%
95.965%
97.393%
98.822%
99.215%
99.607%
100%

Score 3

1.8

3

3

Weight 0.010

0.047

0.020

0.112

Value 0.031

0.085

0.060

0.337

Table 6. Scoring Result.

Performance

Value

indicator

Level

achievement

Color

KPI'1 0.031

3

KPI 2 0.085 1.800
KPI3 0.060 3
KPI 4 0.337 3
KPI 5 0.052 3
KPI 6 0.173 10
KPI7 0.233 1.497
KPI8 0.156 5.333
KPI9 0.045 10
KPI 10 0.035 1.333
KPI11 0.449 10
KPI12 0.097 3
KPI13 0.024 10
KPI 14 0.049 10
KPI 15 4.532 10
Total 6.357




|Conclusion|

According to the result, it can be inferred that the final number of the performance assessment using the
GSCOR model is in yellow with a value of 6,357 which represents an average category. This outcome still
requires improvement on numerous prioritized metrics that will lead to changing the way business processes in
agriculture address environmental challenges. Further research is expected to improve the performance
indicators that can be done by establishing standard indicators such as ISO 14001 or export standards from
certain locations that have prioritized green industries.
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ABSTRACT

The agriculture industry has proliferated in the last decades, increasing the environmental footprint. There
are several development concepts such as integrating the ecological aspect to the supply chain to reduce
environmental degradation. In implementing the idea, companies in the agriculture industry need to evaluate
their performance in the environmental area. This measurement uses the Green Supply Chain Operations
Reference (GSCOR) Model that provides its entire supply chain aspect. This study showed that the criteria from
parameter enable, which indicate the amount of realization to manage the employee on the environmental
requirement, is crucial to impact the supply chain performance. Other criteria are also important, such as plan
that consider the usage of every entity and source that consider supply of the entities. The performance
measurement produces a 6.357 value in the yellow color category with an average condition in the company. It
produces 3 Key Performance Indicators (KPI), such as KPI 2, KPI7, and KPI10, with a red classification that
should be ﬁmprovedL

Keywords: agriculture industry, green supply chain, Green Supply Chain Operations Reference (GSCOR),
performance measurement

Introduction

The agriculture industry has proliferated in the past 50 years to accommodate the demand escalation in the
rural area and export sector [1]. The biggest obstacle faced by the agriculture industry is the challenge of
environmental issues [2]. According to Vermeulen et al. [3], the agriculture industry is the main contributor to
emissions that contribute more than 19% of the global emission of greenhouse gases. The modern agriculture
system uses various resources that increase the environmental footprint, such as agrochemicals contamination,
fossil fuels, and high energy and water use [4]. Therefore, various concepts have been expertly developed to
reduce environmental degradation, such as integrating ecological aspects and managing the supply chain,
which produces green supply chain concepts [5].

This solution aims to develop the performance of an organization regarding environmental management,
performance, and green initiation [6,7]. However, measuring performance in the green supply chain has been
studied across a wide range of industries. Saputra et al. [8] conducted the performance development of pulp and
paper companies that led to the integration between internal and external stakeholders in their supply chain

such as the requirement for supplier and government or regulator with the limitation in following the systematic

of SCOR [mode]l. Susanty et al. [9] implemented a green supply chain practice in small and medium enterprises | -

that focused on batik business using an importance-performance analysis to concentrate more on their

performance result on improving the performance indicators of using environmentally friendly raw materials,

Suryanigrat et al. [10] determined the implementation of a green supply chain by evaluating and measuring
the performance of ribbed smoke sheet companies, which minor detail on the measurement of entities between

indicator and analysis of each h)aramebeﬂ. According to the previous research, it is seen that various literature ’
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Therefore, this study can accommodate the combination and development to measure with the GSCOR \modelL i
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This study contributes a new approach to the development of performance measurement using the conditions
of industries with various literature in several criteria, attributes, performance indicators, and combination
models with Analytical Hierarchy Process (AHP), Objective Matrix (OMAX), and Traffic Light System (TLS).
The new approach delivers the priority scale, integrating all over parameters with different objectives in one
scale and analyzing more easily to classify the priority categories for generating the performance measurement
in highland vegetable industries. Furthermore, these method combinations are never been used to measure the

C ted [A11]: Reviewer A: Explain this statement by

supply chain performance with the GSCOR approach.

This research was conducted in a company specializing in agriculture, specifically highland vegetables that do
seeding, cultivation, processing, and packaging, with focusing on export segment like Japan and Singapore. The
company are comforted with multiple problem in the expert segment that should be meet the requirement such
as green company and green products. Although, to ensure that the company can fulfill the requirement on their
products and business process, the organization needs to examine its operations through ecological area.

Methods

This research was conducted with the conceptual framework design by examining the entire supply chain of the
company, which includes suppliers to the customer. Hence, the concept begins with collecting data, processing
the data gradually, and making a conclusion.

Data Collection

Data was collected through interviews and questionnaires, which produced qualitative and quantitative data.
Gathering data through interviews determined the needs of the industry. Collecting questionnaires was divided
into several steps, such as scoring the importance of each parameter with pairwise comparison.

Systematic of Performance Measurement

Step 1: Designing The Measurement Model

To design the model, the GSCOR process is used to measure the environmental footprint based on the standards
[7]. The first stage is designing the green requirement that considers industry, stakeholders, and literature
review. Afterward, the green objectives are developed from the green requirements. The final stage is forming
the criteria, attributes, and performance indicator that refers to the green objective for each stakeholder using
the GSCOR metric.

Step 2: Determining The Weight of Parameter

The Analytical Hierarchy Process (AHP) technique is employed to provide weights and prioritize each criteria,
attribute, and performance indicators [11]. Data process using the AHP method assisted by the Software Expert
Choice v.11, which helps to calculate the weighting stage.

Step 3: Scoring System

Objective Matrix (OMAX) is applied to generate the performance score and the index for each parameter [12].
OMAX connects every criteria on performance into a model [13]. Moreover, the systematic of the OMAX method
is first defined by establishing the level minimum score, which will be the minimum targeted achievement in
performance indicators. Afterward, the value or score optimistic and pessimistic is established to determine for
scale 10 (Optimistic) and O (Pessimistic) in the OMAX metrics (see Table 5). To decide other scales in the metrics,
it is calculated with an equation below.

_ Y(h)-Y()
AX(Z' h) T X=X @

Where,

AX (1, h)is the interval number level between the highest scale and lowest scale
X (h)is a high number level scale

X @is a low number level scale

Y (h)is a high-value level scale

comparing it with the method of developing KPIs and calculating
performance scores from previous research
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Y @)is a low-value level scale

After determining each value in the scale, determine the level of achievement with current performance. Data
weighting from AHP considers fulfilling the weight value in OMAX and multiple by the level of achievement
from current performance. The result from OMAX is evaluated using a Traffic Light System (TLS) according to

Mukharromah et al. [14] which measures the result with three colors that showed in Table [1\ and how to

described the value of its performance.

Table 1. OMAX Categories
Color Level of achievement Category
8-10 Excellent
3-17 Average

[ Poor

Result and Discussidnl
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This section shows the result of calculating performance from designing the model to a scoring system. For each
stage, the model result was discussed, which consists of green requirement, green objective, and the GSCOR
metrics then the parameters were used to apply the weighting and scoring system to identify performance.

Green Requirements Identiﬁcatidn\

It is necessary to explain the relationship or support of each KPI (15
KPI) to the objective of green supply chain performance.
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Forming the green requirement consists of the needs of the industry that consider the environmental aspects.
The requirements are determined by considering stakeholders in the supply chain and literature on measuring
performance indicators, especially in green areas. Defining the stakeholders will lead to the needs and
consideration of measuring performance indicators.

Supplier
1. Environmentally friendly material or substance (GR1).
2. Environmental Management System (EMS) or ISO 14001 certification (GR2).

Direct Employee
1. The employee’s understanding of Standard Operation Procedure (SOP) in the assigned task (GR3).
2. Training on environmental aspects and job requirements (GR4).

Production

1. Managing Good Agricultural Practices (GAP) (GR5).

2. Managing Hazard Analysis Critical Control Point(HACCP) (GR6).
3. Auvailability of technology to support cleaner production (GR7).

Logistic
1. Availability of packaging materials and storage media for delivery by the terms and the required quantity
(GR 9.

2. Cleaner warehouse operation (GR9).
3. Complete shipping documentation and reliable information system (GR10).

Marketing
1. Legal and environmentally friendly requirements to minimize the number of customer complaints (GR 11).
2. Convenience administration (Document requirement, Estimate Time Arrival (ETA), etc.) (GR 12).

Purchasing

1. Purchase of environmentally friendly goods (GR 13).
2. Reliable information system to procure goods (GR 14).
3. Supplier monitoring (GR 15).
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Green Objectives Identification

The green objective is defined by considering the correlation between the green requirements and the goal of
the company. The objective is to be achieved at a particular time, which could be different in various industries.
For example, the stakeholders in purchasing who need to purchase environmentally friendly goods set the
objective to select the right supplier according to environmental friendliness. Table 2 illustrates the output of
completing the green requirements to the green objectivds,\
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Table 2. Green Objective
No Green objective Stakeholder Realization of green requirement

Selection of the right supplier accordin,
1 ! . 18 p'p ! . e Purchasing GR13
to environmental friendliness

Environmentally fiendly supplier

2 Supplier, purchasing GR1,GR15
performance

Supplier, hasing,

3 Delivery with enviromental aspect upPp "T F’u;c 45108 GR2, GR5, GRS, GRY, GR10, GR14

ogistic
L Supplier, direct
Minimize the use of hazardous K GR1, GR4, GR5, GR6, GR7, GRS,
4 employee, production,

materials . R GR13
logistic, purchasing

Minimize the use of resources (material, Supplier, overall unitin GR2, GR3, GR4, GR7, GR9, GR11,
energy, fuel, water, etc) the company GR12,GR14

ot

L . Supplier, direct
Minimization and handling of .
6 employee, production, GR2, GR3, GR5, GR6, GR9
hazardous waste o
logistic

Overall unit in th
7 Reuse of resources eratiumbmthe GR3, GR4, GR5
company

Worker traini & Direct employee,

orker training regarding green

8 . € g e er production, logistic, GR3, GR5, GR7, GR9, GR14
business requirements

purchasing
9 Food safet Supplier, production , GR1, GR2, GR5, GR6, GR7, GRS,
'ood safe
y logistic, purchasing GR13

Formulation Metrics Green Supply Chain Operations Reference

The preparation of criteria, attributes, and performance indicators refers to each green objective for each
stakeholder. Each parameter is adopted from previous case studies. One of the determinations of this process is
consideration of performance indicators on products returns, which fulfill the concept of food safety that the
company must be able to ensure the safe production and environmentally friendly product, so there are no
complaints from the customer regarding products that are not following the food safety and environmental
concern. However, some parameters such as criteria and indicators in fuel consumption are added to develop
the parameter (See table 3). Fuel consumption constitutes a significant proportion of emissions through
agriculture, especially fuel that comes from fossil [15]. Therefore, determining the indicator is essential to reduce
emissions through the efficient use of fossil fuels from various agricultural activities [16]. In addition, enable
criteria are added to know how exactly the industry is managing the human resources in the supply chain [7].

objective?

)
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Table 3. GSCOR|metrics
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Metrics that have been used to measure the green supply chain model are defined as follows:

1
2.
3.

11.
12.

13.

Energy usage (KPI1) is the total electricity used to produce products. Unit: kWh/ton
Water usage (KPI2) is the total use of water to produce products. Unit: m3/ton

Fuel consumption (KPI3) is the total use of fossil fuel, for example, solar, to deliver or produce products.
Unit: liter/ton

% Synthetic chemical usage (KP4) is the percentage of total pesticides or other chemicals in the production
system, such as controlling pests and washing products.

% Suppliers with an EMS or ISO 14001 (KPI5) are the portion of the overall supply companies with
ecological accreditation.

% of suppliers meeting environmental metrics or criteria (KPI6) is the percentage of suppliers with
environmentally friendly products or an agreement with the company.

% Hazardous materials in inventory (KPI7) is the percentage of materials that are unable to be recycled
and causing environmental damage.

% Material efficiency (KPI8) is the percentage of raw material used in production.

% of recyclable product waste or scrap (KPI9) is the percentage of recycled products in production.

% Hazardous waste as % of total waste (KPI10) is the percentage of hazardous waste such as chemical and
non-recycled material.

% Hazardous waste treatment (KPI11) is the percentage of recycled hazardous waste.

% of vehicle fuel derived from alternative fuels (KPI12) is the percentage of total vehicles that are
environmentally friendly.

% of product return (KPI13) is the percentage of returns from the customer.

Please correct Table 3 to make it clear and easier to understand. It is
better to give the references on each indicator, so that it can be
distinguished whether the indicator has a reference or not
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14. % of complaints regarding missing environmental requirements from the product (KPI14) is the number of

customer complaints regarding the environment.
15. % employee trained on environmental requirements (KPI15) is the percentage of the number of workers
equipped with knowledge of environmental friendliness.

The result from the GSCOR metric is configured to follow the accomplishment of the green objective through
the performance indicator displayed in Table 4.

Table 4. Structuring performancelindicator]

No Green objective Performance indicator

1 Selection of the right supplier according to KPI5
environmental friendliness

2 Environmentally fiendly supplier performance KPI6

Delivery with enviromental aspect KPI12

4 Minimize the use of hazardous materials KPI7

KPI1

5 Minimize the use of resources (material, energy, fuel, KPI2

water, etc) KPI8

KPI3

KP4

6 Minimization and handling of hazardous waste KPI10

KPI11

7 Reuse of resources KPI9

KPI13

8 Worker training regarding green business KPI15
requirements

9 Food safety KPI14

Weighting Result

The AHP method determines the weighting, which starts by modeling each GSCOR metrics parameter into a

the journal writing guidelines
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hierarchy model (see figure 1). The model considered in building the pairwise comparison metrics that show the
relationship between criteria, attributes, and performance indicators using respondents to rate each parameter.
Every parameter will calculate using Expert Choice Software V.11, which shows the hierarchy model,
consistency index, eigenvalue, and consistency ratio to show the overall result.

The overall results of the weighting are shown in Table 5. The weighting result from metrics GSCOR on the
enable criteria are the most significant parameters used in the metrics. This criterion showed that the amount
of realization in governance planning and implementation is crucial in the supply chain process, including
understanding each employee with green business and all aspects of the environmental area. Furthermore, if
the employee understands the requirement and implements a green system, it will bring the companies to
achieve their objective in the environmental area. Meanwhile, the criteria on the return are the most negligible
value among other criteria that showed to handle customers.
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Figure 1. Hierarchy Model

Table 5. Weighting Result

Criteria Weight  Attributes Weight Pejfg;‘;fozce Weight vjeoi:llt
Plan  0.190 Reliability 1 KPI1 0.054 0.010
KPI2 0.249 0.047

KPI3 0.105 0.020

KPI4 0.592 0.112

Source  0.190 Reliability 1 KPI5 0.091 0.017
KPI6 0.091 0.017

KPI7 0.818 0.155

Make 0.105 Reliability 1 KPI8 0.278 0.029
KPI9 0.043 0.005

KPI10 0.251 0.026

KPI11 0.428 0.045

Deliver 0.032 Reliability 1 KPI12 1 0.032
Return 0.029 Reliability 0.833 KPI13 1 0.024
Responsiveness 0.167 KPI14 1 0.005

Enable 0.453 Assets 1 KPI15 1 0.453




Scoring System

The scoring system uses the OMAX and TLS methods to determine score and value in the green supply chain
performance [23]. The score is identified as the level of achievement to determine which parameters meet the
target at every level. The achievement level will be considered an element to multiply with the weight of
parameters. The assessment weight in the OMAX technique incorporates input from the AHP method and will
calculate with the level of achievement (Score) to show the value of each parameter. An example of the matrix
calculation on the OMAX method is mentioned in Table 6.
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Table 6. OMAX Method on Plan-Criteria
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KPI 1 2 3 4
Performance 225.128 210 92.908 98.822%
10 213.872 190  83.617 88.822%
9 215.480 191.429 84.944 90.251%
8 217.088 192.857 86.271 91.679%
7 218.696 194.286 87.599 93.108%
6 220.304 195.714 88.926 94.536%
Scale 5 221.912 197.143 90.253 95.965%
4 223.520 198.571 91.580 97.393%
3 225.128 200  92.908 98.822%
2 228530 [BONIER 96004 99.215%
1 232.632 216.667 99.101 99.607%
0 236.384 225 102.198 100%
Score 3 1.8 3 3
Weight 0.010 0.047 0.020 0.112
Value 0.031 0.085 0.060 0.337
[Table 7. Scoring Result]
Pe:rfo'rmance Value Level Color
indicator achievement
KPI1 0.031 3 justification for it.
ﬁiz ggzz 1: - the result of table 7
KPI4 0.337 3
KPI5 0.052 3
KPI6 0.173 10
KPI7 0.233 1.497 .
KPI8 0.156 5.333
KPI9 0.045 10
KPI10 0.035 1.333
KPI11 0.449 10
KPI12 0.097 3
KPI13 0.024 10
KPI14 0.049 10
KPI15 4.532 10
Total 6.357




Conclusion

According to the result, it can be inferred that the most significant parameter to assess the performance is the
parameter from the enable criteria with the importance in realization of governance planning to achieve the
green supply chain, especially in highland vegetable industries, and also criteria from plan and source are
important to support in the performance measurement. The performance assessment using the GSCOR model
is in yellow with a value of 6.357, representing an average category. This outcome still requires improvement
on numerous prioritized metrics that will change the way business processes in agriculture address
environmental challenges. However, the performance measurement metrics might be different in the other
similar companies but this research are meant to be the references for the base of constructing the performance
metrics. Further research is expected to improve the performance indicators that can be done by establishing
standard indicators such as ISO 14001 or export standards from specific locations that have prioritized green
industries,
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Title: Green Supply Chain Performance Measurement using Green SCOR Model in Agriculture Industry: A Case Study

Feedback and Response:

Comment

Response

Feedback

Reviewer A: Show significant KPIs that support

the achievement of green supply chain
performance, not just performance scores.

According to the result, parameters that show a
significant role in the measurement are criteria
enable, including KPI 15 and criteria from plan and
source that should be considered too as the essential
aspect for measuring the supply chain performance.

In the introduction, it is necessary to
describe previous research related to
KPls, or it is limited that KPIs are

determined according to a reference.

Reviewer A: Briefly describe performance
measurement that integrates internal and
external stakeholders. What are the
weaknesses or limitations of the
measurements he does?

The integrated from internal and external
stakeholder are namely as supplier until the
government or regulator.

According to the journal, the journal declares that
the research is not following the systematic SCOR
model but still considering the model.

It is in accordance with the reviewer's
request.

Reviewer A: Is the measurement only
environmentally friendly raw materials? Are
other supply chain activities not being
measured?

They measured all the supply chain activity using
IPA. However, after they got the result, they focused
on improving the performance indicators in raw
materials.

This needs to be explained in the
introduction explicitly, just show a
few.

Reviewer A: Briefly describe performance
measurement in this company. What are the
weaknesses of their measurements?

The determination aspect to measure in each
parameter are not inform in detail.

It is necessary to briefly describe the
weaknesses of the performance
measurement used by the company
so far.

Reviewe A: In accordance with the object
studied in this research, explain what the
research gap or lack of measurements from
previous researches is?

To the best our knowledge, there is no literature
from Indonesia using GSCOR to measure the supply
chain performance in the agriculture sector that
focuses on highland vegetables.

It is in accordance with the reviewer's
request.

Reviewer A: Explain this statement by
comparing it with the method of developing
KPIs and calculating performance scores from
previous research

The consideration to generate the parameter are
using the needs of industry according to the
company and several literatures in GSCOR.

Combining each method will deliver a priority scale,

State clearly the needs of the
industry.
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Reviewer B:

-What is the consideration for using these
methods? What are the advantages of these
methods compared to previous studies?

- The research gap is not clearly defined

integrating all parameters with one scale and
analyzing more easily in one category.

Reviewer B:
-How do you categorize the three colors and
the range?

According to Mukharromah, the level of each
achievement are consider as 3 categories such as
excellent 8-10, 3-7 average , 0-2 Poor.

Reviewer A:

It is necessary to explain the relationship or
support of each KPI (15 KPI) to the objective
of green supply chain performance.

In generating every KPls, the requirement and
objective are considered as a crucial step to the
GSCOR. All the explanation is identified in every
section of discussion as below.

It is in accordance with the reviewer's

request.

How is the process for obtaining the green
requirements?

The green requirements are determined by
considering stakeholders needs and literature review
on performance indicator especially in green sector

Reviewer B: How do you find the green
objective?

The green objectives are considered with the
correlation of green requirements and the goal of
the company. Every green requirement will be
considering to fulfill the green objective as below.

Reviewer B:

Please correct Table 3 to make it clear and
easier to understand. It is better to give the
references on each indicator, so that it can be
distinguished whether the indicator has a
reference or not

overall, the table 3 has been revised according to the
correct guideline and gave all the references in each
parameters.

Reviewer B: Correct the table according to the
journal writing guidelines

Done

Reviewer B: Explain how the use of AHP to get
the weights and the hierarchical structure as
well

AHP method using to determine weight from
building hierarchy to assign the pairwise comparison
metrics.

AHP method calculate using Expert Choice Software
in order to get the weighting result.
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Feedback

Reviewer B:

- Provide analysis from GSCOR model, not
only from KPI results

-Please explain the contribution of this
research

The analysis from GSCOR model is show in weighting
result.

The contribution of this research is to provide the
development of each parameter and combination in
measuring the supply chain.

Reviewer B:

Please give the explanation for value
compared to level achievement. For example:
the level achievement of KPI 7 is lower than
KPI 8. However, the value of KPI 7 is higher
than KPI 8. What is your justification for it.

explanation is on page 8 in the result of table 7

Reviewer A:

it is necessary to show strategic KPIs, namely
KPIs that have a strong relationship or
significantly support green supply chain
performance, not limited to environmental
performance scores that show the company's
environmental performance achievements
that are used as case studies

According to the result, parameters from enable,
plan, and source with all the metrics inside (KPIs) are
significant to support measurement in supply chain
performance.

It is in accordance with the reviewer's

request.

Reviewer B:
Check the references writing guidelines

Done




