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Abstract. The use of green intervention and lean technologies is gaining more widespread
acceptance across a variety of business sectors. The purpose of this case study is to enhance
the effectiveness of operating procedures. Utilizing Lean technologies, namely kaizen, in
conjunction with a green intervention throughout the quality control cycle is the focus of
this research. The transfer of the reporting of physical documents to digital or paperless
forms has been effectively accomplished by the use of the kaizen-based green intervention
approach. As a consequence of the findings, the efficiency of the timely reporting of
expired drug and medical device returns was dramatically enhanced to 100%, surpassing
the original aim of 90%. Moreover, it decreases the amount of paper that is used by 16,200
sheets annually, which results in a savings of IDR 1.6 million and a reduction of CO2
emissions by 75.17 kg. The findings can be used to inform recommendations for utilizing
lean tools with a green intervention to improve operational efficiency. This will result in a
reduction in waste and material usage, as well as cost savings and a reduction in CO2
emissions. All of these factors can contribute to sustainability in the healthcare industry
through the context of Green Hospital.
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1 Introduction

In recent decades, a competitive market, knowledgeable customers, and stringent
regulations have compelled industrial companies to prioritize sustainability within operational
efficiency [1], including the healthcare sector, which has increased pressure to address the
negative consequences of global issues such as climate change and environmental degradation
[2]. Because of the rapidly changing healthcare environment, it has become further complex [3],
particularly for hospitals, which currently deal with the challenging task of ensuring high
expectations of patient care while simultaneously enhancing operational efficiency, minimizing
costs, and adjusting to the increasing standards of stakeholders [4]. They are responsible for a
considerable carbon footprint [5]. Health care contributes to 4.4% overall global emissions [6]
and about 5% of global greenhouse gas (GHG) emissions [7]. Amid these issues, hospitals are
under increasing pressure to minimize waste, streamline processes, and remain competitive
while adhering to strict environmental standards [8]. In this sense, it is increasingly evident that
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hospitals must consider the quality of patient care and their ecological impact. Adoption of
sustainable methods that prioritize environmental friendliness is thus critical. Hospitals must
adapt to satisfy ecological requirements and public expectations for sustainability, including
eco-friendly activities into their fundamental operating plans to ensure their competitiveness
and long-term profitability [9].

In the hospital context, pharmaceutical services are a crucial part of the healthcare system,
focusing on patient care and providing pharmaceutical preparations, medical devices, and
consumable medical supplies [10]. It is following the Regulation of the Minister of Health of
the Republic of Indonesia No. 72 of 2016 concerning Pharmaceutical Service Standards in
Hospitals regarding that the purpose of controlling the inventory of Pharmaceutical
Preparations, Medical Devices, and Medical Consumables is to ensure effective and efficient
inventory or there is no excess and shortage/emptiness, damage, expiration, and loss as well as
return of orders for Pharmaceutical Preparations, Medical Devices, and Medical Consumables.
One way is by stockopname, which is carried out periodically and regularly. Administration,
including recording and reporting, must be carried out in an orderly and continuous to facilitate
tracking of past activities [11]. Moreover, pharmacy services are an integral part of healthcare
services, supporting 90% of healthcare services in hospitals and generating approximately 50%
of hospital revenue from managing these supplies [12].

ABC Hospital is a private hospital in Indonesia that was established 87 years ago.
However, challenges remain in the healthcare management system, particularly in the pharmacy
unit. One unresolved issue concerns stock management, where monthly drug and medical device
inventory and those reaching their expiration dates are not monitored. It is due to the analog or
paper-based reporting and monitoring system, which requires more time for reporting and is
prone to inconsistencies in monitoring. This Problem can result in difficult-to-access stock
compliance reports due to inconsistent and disorganized reports. Stockholders are challenging
to identify, and the person in charge is unclear. Drugs and medical devices approaching
expiration dates are not reported, resulting in losses from expired drugs and medical devices and
shortages of needed medications due to late returns to suppliers. A study by Dwi Setiyaningrum
and Dwi Saputra (2021) [13] explains that expired drug stocks require effective and efficient
management of the hospital pharmacy unit because it will result in material losses borne by the
hospital. Meanwhile, their unavailability will determine the quality of patient care for a
hospital's operational activities.

Furthermore, waste related to the use of office paper materials also increases the
operational costs of pharmaceutical units, further increasing office paper waste and contributing
to carbon emissions from its use. This non-medical waste originates from healthcare units [14].
According to Environment Canada, producing 1 kg of paper requires at least 324 liters of water.
Even a curled A4 sheet of paper consumes up to 20 liters of water during its production process
[15], and each A4 sheet of office paper contributes 4.64 g COz-eq according to the ISO
14040/14044 [16]. Increased operational expenses concern healthcare organizations and
hospitals [17]. Moreover, environmental sustainability data is becoming important in decision-
making throughout modern businesses, with the discourse regarding sustainable health care
rising and highlighting the necessity for efficient, resilient, and productive systems [18]. The
healthcare sector is transformed due to shifting medical care, patient expectations, developing
technologies, climate change, and sustainability. However, existing hospital policies frequently
overlook the interplay between the hospital sector and underlying socio-environmental
circumstances [19]. Therefore, a systematic, easy, fast, and sustainable approach is needed to
address this Problem.



One approach that is starting to be widely adopted is the integration of Lean Management
and environmental sustainability principles, also known as green intervention. Effective health
services management is crucial in hospitals, where operational efficiency and cost containment
are top priorities, and Lean management is one of the effective management paradigms [20].
Lean is the latest management technique in healthcare, also known as Lean healthcare [5]. This
practice is recognized as improving quality and efficiency in operations [21], assisting health
personnel to establish a flexible and reliable organization [22]. All are in line with the overall
goals of the many stakeholders concerned. There is a rising view that healthcare can benefit
from Lean management [23]. There are several strategies to reduce direct and indirect emissions
created by healthcare providers by changing or intervening in the reduction of resource
consumption [24]. Various green interventions successfully reduce healthcare's carbon footprint
and can have a significant impact if adopted consistently [7].

Lean and environmental sustainability have a synergistic relationship, with lean potency
ensuring ecological sustainability while boosting the effects of sustainability initiatives [25].
Over time, many lean methods and tools have emerged, each with a distinct specialization. Lean
tools reduce waste and improve efficiency, lowering operational expenses [26]. Some of these
are particularly helpful in promoting environmental sustainability in the hospital setting. To
achieve pollution avoidance goals, an organization must use lean tools [5]. A scoping review
study on lean healthcare from Marin-Garcia et al. (2021) [22] suggests developing lean
healthcare tools that address environmental indicators in the healthcare sector. A research by
Santandreu (2020) [27] on lean tools, i.e., kaizen in the healthcare industry and its relevance to
sustainability, confirms that kaizen is a relatively new concept that is constantly evolving and
growing, and it has the potential not only to improve economic, social, and environmental
sustainability.

There are several studies in healthcare settings utilizing kaizen tools, related to business
process i.e. operational efficiency problems [28], reduction of process lead time and the error
[29] and also its integration with green practices related to environmental indicators, ie.,
controlling waste [30], relationship with sustainable performances [31], waste segregation in
the management of healthcare waste [32]. One exploratory survey study on kaizen expertise
outside the healthcare sector from Lizarelli (2025) [33] regarding the mediation of digital
systems between kaizen practices and ESG performance. The study findings found that kaizen
practices affected environmental and governance performance. However, no effect was seen on
social performance without digital system mediation. However, no one has explored the impact
of minor improvements on overall economic benefits, contributing to environmental indicators,
such as reduced office paper use in healthcare settings, i.e., hospitals. Although there is one
study that addresses the impact of hospital digitization on paper savings, this study only
addresses healthcare time savings [34] and paper savings [35] without utilizing kaizen tools and
their contribution to environmental indicators.

The position of this research is a case study research that discusses the implementation of
lean tools, i.e., kaizen with green interventions, which we hereinafter call Kaizen-based green
intervention through the Digitalization of the reporting and monitoring system in the hospital
pharmacy service unit. This study aims to improve operational efficiency by enhancing the
timeliness of reporting expired medicine and medical device returns, thereby improving the
quality of hospital services, which are vital components in hospitals. Moreover, to give evidence
on the healthcare system's role in reducing CO: from using materials while promoting a green
hospital to an environmentally sustainable hospital. Our research focuses particularly on the
advantages of green interventions and operational policy decisions taken within the health
systems in hospitals on the environment through digitalization.



2 Literature Review
2.1 A Path Toward Sustainable Hospital

Environmental sustainability is the capacity to conserve ecosystems, which entails
consuming and replenishing the natural resources that sustain life on Earth [36]. Regardless of
the varied environmental conditions in which an organization operates, deploying digital
technologies and Lean methodology reduces expenses. Combining Lean techniques with digital
technologies increases operational efficiency and improves operational management.
Organizations embracing Lean techniques can enhance their financial situation while
developing a safe and effective operational management style [37]. The elements that enable
transformation for more sustainable healthcare delivery require urgent attention [7]. Hospitals
might establish institutional digital assets to boost healthcare and administrative procedures
through Healthcare Digital Transformation [38]. Moreover, one green intervention that aims to
reduce GHG emissions is reducing the use of consumables [39]. In the context of healthcare,
these three can form a green hospital.

One of the dimensions of the green hospital model is the reduction, recovery, and use of
paper by minimizing paper consumption as much as feasible in the hospital, utilizing digital
versions, or utilizing recycled paper in the hospital [40]. Transforming paper use by using soft
files can reduce paper usage [14]. Digital transformation has been implemented in various areas,
involving healthcare [41], i.e., Healthcare Digital Transformation (HCDT) [42], which deals
with numerous digital technologies that have been implemented and integrated to improve and
modernize healthcare systems, with the goal of efficient processes and satisfaction for patients
[43]. HCDT has been concerned from an organizational perspective with the use of digital
technologies to assist hospital administration management [44], in addition to an operational
standpoint to conduct hospital activities [45]. Digital transformation is one of the most
successful ways to address stakeholder stresses, improve healthcare quality, and minimize costs
[46]. Furthermore, digital health services, including monitoring equipment and web and cloud-
based tools, if utilized in specific ways, have an opportunity to reduce health inequalities and
improve services delivered to patients [47].

In other words, hospitals that carry out green interventions in their operations to reduce
their environmental footprint are included in green hospitals, encouraging them to become
sustainable hospitals. Because focused green interventions and ecologically sustainable systems
for providing healthcare have the potential to decrease healthcare's adverse environmental
effects while also bringing economic, institutional, and health advantages [7], and this refers to
the definition that green hospitals enhance public health while consistently reducing their
environmental effect [48]. A green hospital acknowledges the relationship between the health
of humans and the environment and exhibits this awareness by incorporating strong ecological
sustainability practices into its governance, approach, and activities [40]. Green hospitals are
distinguished by their dedication to sustainability and environmental responsibility. These
institutions utilize several kinds of conceptual and operational approaches to reduce their
ecological footprint [49] and have tremendous potential to reduce climate change while
enhancing medical outcomes. The medical sector has a unique chance to set a precedent in the
worldwide battle against climate change [50].



3 Methods

This case study was conducted in the Pharmacy Unit of a private hospital in Indonesia
from early January to early June 2025. This research utilized the core lean tool, i.e., kaizen and
green intervention, which we call "Kaizen-based green interventions". Kaizen utilization is
crucial in improving efficiency and addressing issues in the healthcare sector [51] because it is
systematic and has a big picture by involving many people who become a work team [52]. Green
interventions and sustainability initiatives are employed in the health sector methodically and
continuously, and GHG emissions reduction might be significant [7]. We implemented a simple
green intervention through digitalizing healthcare services in the pharmacy unit.

The research began with direct observation, a Kaizen step called the Pre-Kaizen Survey.
It was done to identify problems in the research locus and understand the initial conditions when
defining a problem. Furthermore, it also determined the final goals to be achieved in
implementing kaizen through Small Group Activity meetings. The eight core steps of kaizen,
following Toyota Business Practice, are as follows [53]:

1. Clarify Problem is the step for defining the problem while understanding the current
condition
2. Breakdown Problem & Specify Point of Cause is the step for discovering the causes of the
problem which must be addressed.
3. Set Target is the step for setting target to attain improvement goals by by creating an agenda
of action.
4. Root Cause Analysis is the step for completing through observation and brainstorming by
employing a fishbone diagram to recognize the root causes of the problem.
Develop Countermeasure is the step for identifying the underlying cause of the problem.
See Countermeasure Through is the step for documenting before and after the kaizen.
7. Evaluate Both Results & Processes is the step for describing before and after of kaizen
execution.
8. Standardization & Expansion is the stage for standardizing to avoid repeating problems.

AN D

4 Results

4.1 Problem Identification and Improvement Prioritization

Direct observation at the Inpatient Pharmacy Installation, known in the Kaizen approach
as Pre-Kaizen Survey, was carried out as part of the Small Group Activity to collect data on
areas requiring priority improvement. The purpose of this activity was to compile a Matrix
Diagram of potential Kaizen themes at Pharmacy Units, as presented in Table 1.

Table 1. Matrix Diagram for Possible Kaizen Themes in Inpatient Pharmacy.

Problem Impact Urgency HR Cost Difficulty Feasibility Rank Description

Unmonitored:

Stocked and Timely
red Return

expires 3 3 2 1 3 12 1 Level

medicine and

medical Percentage
. of 82.5%

devices

Inadequate

medication 1 1 1 3 2 8 2

storage space




Unsuitable
pharmacy unit 1 1 1 3 1 7 3
ceiling

4.2 Implementation of the Kaizen Method
Clarify Problem

The step is performed by defining the Problem and understanding the current
condition: Determine the KPI item, observation results/Pre Kaizen Survey (where and
when), and the final goal. The Problem and current condition can be seen in Figure 1.

Step 1: Clarify Problem

Ideal Situation (KPI) : 90% Timely Return Level

Current Situation : 82.5% Timely Return Level

Fig. 1. Clarify Problem Step
Figure 1 above shows that the ultimate target was to create an easily accessible stock
and expiration reporting system and achieve a timely return of 90% of expired medicine and

medical devices. In the Current Situation, the timely return percentage is 82.5%. So, there is
a GAP of 7.5%.



Breakdown Problem and Specify the Point of Cause

The step is performed by outlining the causes that led to the Problem. The description
of the causes of the Problem is in Figure 2.

Step 2: Breakdown Problem & Specify Point of Cause

Problem: Under level
Key Performance Index

Actual: 82.5% Timely Return L  Analogue Reporting (Paper based)

Fig. 2. Breakdown Problem & Specify Point of Cause
Figure 2 above shows that the Problem is the Key Performance Index in the target. Unmonitoring
Stock causes it, expired medicine, and medical devices because of Analogue Reporting (paper-based).

Set Target

In this step, the target must be SMART: Specific, Measurable, Achievable,
Reasonable, and Timely. SMART analysis supports improvement targets through a plan of
improvement steps. The steps for setting targets can be seen in Figure 3.

Step 3: Set The Target

{ Kaizen target is enhance return level of medicine and medical device up to 90%

Enhance timely return level
SPEC!F|C percentage from 82.5% to
90%;

\ Reduce timely retums level
percentage failed from 17.5%
1010%

/ Timely Retumns level
o percentage of 82,5% in 2024 34 Juni 2025
150 W"]ﬂ‘ 1-10% n-muuns! STEPS i k
r—
Achieve KPI Unit for 90% timely sTerP1 e
retum level, Potential to material e =
REASONABLE ~ Jihioyisultbsstel SRS,
and CO2 reduction
Activity wil be done at
Mid of Fiscal Year 2025

Sozialcaton toall ofcars are shuring the ik

16-30% Januari2025 | 1% Juni2025 |

Fig. 3. Set Target



Figure 3 shows the Set target based on the SMART strategy, where Specific is
enhancing the timely return percentage from 82.5% to 90%. Measurable reduces the number
of timely returns that failed from 17.5% to 10 %. Achievable is Timely Returns of 82,5% in
2024. Reasonable is achieving the KPI Unit for 90% timely return, which has the potential
to material savings/reduce cost (office paper) and CO2 reduction. The timeline starts from
early January until early June, when the activities begin with making the system and continue
until the overall evaluation of its utilization.

Root Cause Analysis

The investigation and idea discussion process was carried out using a Fishbone
Diagram tool to identify the root causes of the problem. This step is carried out through
investigation and brainstorming. A tool such as a cause-and-effect diagram can be utilized.
This step is used to identify the root cause of the Problem. The root cause analysis steps can
be seen in Figure 4.

Step 4: Analyze Root Cause

[ Root cause analysis comes from factor Man, Machines, Methods, Environment, and Finance

Man

Staff did not collect stock on time Reports are not

standardized
Staff collected stock randomly Analogue/paper-

reporting

based

Stock checks were only known to
Personin Charge ~  \_Reports are difficult to

access and

inconsistent

No reporting yet
in SIMRS

Difficult to sort, exceeding
return limits date
Produces paper waste

Losses due to expired

High paper costs

Environment

Fig. 4. Root Cause Analysis



Figure 4 shows the diagram groups the leading causes and root causes into five
categories: Man, Machines, Methods, Environment, and Finance, all of which contribute to
the timely return of failed, and also potentially to enhance paper waste and contribute to CO-
emissions from utilized paper.

Develop Countermeasure

This step is the opposite of Root Cause. It contains an activity plan: describe the root
cause of the Problem and the Kaizen plan, including the Person in Charge (PIC) and the
deadline. The Develop countermeasure step can be seen in Figure 5.

Step 5: Develop Counter Measure

Countermeasures are carried out to resolve activity plan

‘ Problem ‘ Reason

PIC || Area || Date Counter Msasura
(What) (Why) (Who) || (Where) || (When) (How
'nn digital rting and Analoqua/Paper-basad ih Create a digital reporting and
cdgtaimportngnd | 15" [ oo sy By 3900
n 1 S'"i
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AISGA Unit L
reata g, Instalng
—— pi_go | | foodion " Socalaation " an
[anual search process or -
= Bﬂtﬂﬂ'ﬂﬂaluﬁg URL June 2025 | | Evaluation of the use of
gndns for access fto Googl

Fig. 5. Developing Countermeasure
Figure 5 shows the Countermeasures carried out to resolve the activity plan, which has
several problems: No digital reporting and monitoring system, Lack of system usage skills,
and no flexible access. The countermeasures include creating a digital reporting and
monitoring system using Google Sheets, Socialization, Trial and Evaluation, creating a QR
Code, installing QR Code access at predetermined locations, and Socialization and
Evaluation of using QR codes for access to Google Sheets.



See Countermeasure Through
This step is done through documentation with photos before and after the kaizen. The
steps to see the countermeasure through the steps can be seen in Figure 6.

Step 6: See Countermeasure Through

BEFORE AFTER neroRt
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Fig. 6. See Countermeasure Through
Figure 6 illustrates the improvement in the reporting and monitoring process for drug
and medical device stock and expiration dates, from the previous paper-based process to the
Digitalization of the system using Google Sheets and QR codes. At least five process
improvement benefits are derived from the activities carried out through the Kaizen stages.



Evaluate Both Results & Processes

This step describes the before and after implementation of kaizen. It examines whether
it contributed to achieving the Ultimate Goal. If it fails, repeat the PDCA (Plan, Do, Check,
Action) cycle of the Toyota Business Practice. The steps for evaluating both results and
processes can be seen in Figure 7.

Step 7: Evaluate Both Results & Processes

[ Timely return Level enhance 100% from Target 90% (Achieve 10% from KPI target)

4 Enhance Timely Return Level Percentage

Cost Saving Material

100% Reduce CO2
IDR 1.620 M
= 17.5%
= IDR 1.620 M
-~ —

 — £ 75.17 Kg-CO,
N o \ 1.620 sheet

Avr=82.5% A4 office

paper

Avr=100% until
2" quarter

.

Fig. 7. Evaluate Both Results & Processes

Figure 7 above illustrates several overall benefits from the improvements made,
including an enhanced timely Return of up to 100% from the average timely return in 2024,
about 82.5%, which exceeds the initial KPI target of 90%. Utilizing the digitization of
reporting and monitoring systems has the potential to save about IDR 1.62 million annually
from reducing 1,620 sheets of A4 office paper, which in turn also can reduce CO2 emission
by about 75.17 Kg-CO: (1,620 x 4.64) from zero office paper savings. One sheet A4 office
paper is 4.64g CO:z-eq [16].

Standardization and Expansion

Good countermeasures must be established as standards to prevent recurring problems.
Without standards, improvements made over time will be forgotten. Old methods will be
reused, resulting in the recurrence of previously resolved issues. Without clear standards,
problems are likely to arise if there is a change in personnel [1]. The steps for Standardization
and Expansion can be seen in Figure 8.



Step 8: Standardization & Expansion

- o \ / » -
,( Standardization ) (_ New Ideal Situation >,

q’echnical instructions (Guidelines) reporting for
Lreporting monthly stock checks and expiration

N

Expansion >

( New Flow chart of reporting for reporting
k monthly stock checks and expiration

Fig. 8. Standardization and Expansion
Figure 8 shows the Standardization is the New Ideal Situation, which is performed by
making technical instructions (Guidelines) for reporting monthly stock checks and
expiration. Moreover, Expansion is performed by making a new Flow chart for reporting
monthly stock checks and the expired date of medicine and medical devices.

5 Discussions

Implementing lean management in healthcare or lean healthcare through kaizen-based
green intervention has successfully transitioned the reporting of physical documents to digital
or paperless formats, adopting the green hospital approach and supporting sustainability through
environmental indicators. Green Kaizen enhances productivity by reducing waste, reducing
costs, and improving environmental aspects of production systems, while increasing sound
output [54]. Prioritizing sustainability allows hospitals to reap future economic gains, enhance
the patient experience, and promote a healthier, more resilient society [55]. Digitalization
enables a more efficient and environmentally friendly work process within the hospital system.
Align with research by Volkan et al. (2024) [34] found that Digitalization in hospitals leads to
significant time and paper savings for nurses delivering healthcare and also work efficiency [56]
and paper saving [34] [35]. Similarly, research by Tarpani and Gallego-Schmid (2024) [57]
states that digital healthcare services can improve patient care and reduce costs. However,
assessing and reducing environmental impacts is crucial for sustainable development in the
healthcare sector. Then, the timeliness of reporting expired medicine and medical device returns
should be enhanced. The management information system in hospital pharmacy addresses issues
like response time and inaccurate medicine stock data [58]. Moreover, reducing paper waste and
promoting green hospital practices that minimize non-pharmaceutical waste and CO- emissions.
Digital transformation in healthcare can reduce waste and cost, and improve effectiveness while
maintaining quality and promoting sustainability [59]. In other words, hospitals implementing
green interventions in their operational activities are green. It refers to the green hospital
approach, tracking and monitoring the environmental impact of healthcare providers' practices,
which can significantly reduce CO2e emissions and promote public health [60]. Green hospitals
are a necessary paradigm shift in healthcare, focusing on resource efficiency and minimizing
environmental impact, while addressing challenges like pollution. To fulfill the health demands
of a rising and aging global population, healthcare systems must be reformed to fit with eco-



friendly and sustainable methods. It includes reducing CO2 emissions and better managing
resources and waste [61]. Integrating continuous improvement methodologies like Kaizen and
Lean with green innovations can lead to sustainable business practices and reduce ecological
footprint [62]. For future research, Kaizen and green practices are in the early stages of
development, with more research needed on the application of Kaizen tools and more academic
and rigorous studies [63].

6 Conclusion

The case study results through Kaizen-Based Green Intervention significantly increased
the efficiency of the timeliness of reporting expired medicine and medical device returns to
100%, exceeding the initial KPI target of 90%. The results can improve the accuracy of medicine
and medical device stock data. Moreover, it reduces paper usage by 16,200 sheets of A4 office
paper per year, thereby saving IDR 1.62 million, and in turn minimizes CO: emissions by 75.17
Kg-CO: from zero paper usage. The findings can inform recommendations for utilizing lean
tools, i.e, kaizen, with a green intervention to improve operational efficiency, thereby reducing
waste and paper material usage, achieving cost savings, and lowering CO: emissions, all of
which can contribute to sustainability in the Healthcare industry through the context of a Green
Hospital.

Acknowledgements
The authors express gratitude to ABC Hospital, especially the Pharmacy Unit, for
supporting and permitting the data collected to be used in this research.

References

[1] R. Rathi, M. S. Kaswan, J. A. Garza-Reyes, J. Antony, and J. Cross, “Green Lean Six
Sigma for improving manufacturing sustainability: Framework development and
validation,” Journal of Cleaner Production, vol. 345, p. 131130, Apr. 2022, doi:
10.1016/j.jclepro.2022.131130.

[2] A. Mostepaniuk, T. Akalin, and M. R. Parish, “Practices Pursuing the Sustainability of A
Healthcare Organization: A Systematic Review,” Sustainability, vol. 15, no. 3, p. 2353,
Jan. 2023, doi: 10.3390/su15032353.

[3] A. Vasileiou, E. Sfakianaki, and G. Tsekouropoulos, “Exploring Sustainability and
Efficiency Improvements in Healthcare: A Qualitative Study,” Sustainability, vol. 16, no.
19, p. 8306, Sept. 2024, doi: 10.3390/sul6198306.

[4] I Duek and D. M. Fliss, “The COVID-19 pandemic - from great challenge to unique
opportunity: Perspectiver,” Annals of Medicine and Surgery, vol. 59, pp. 68-71, Nov.
2020, doi: 10.1016/j.amsu.2020.08.037.

[5] P. Singh, “Lean in healthcare organization: an opportunity for environmental
sustainability,” BlJ, vol. 26, no. 1, pp. 205-220, Feb. 2019, doi: 10.1108/B1J-04-2018-
0104.

[6] S.McAlister and A. Barratt, “Health care is responsible for 7% of our carbon emissions,
and there are safe and easy ways this can be reduced.” Accessed: July 28, 2025. [Online].
Available:  https://theconversation.com/health-care-is-responsible-for-7-of-our-carbon-
emissions-and-there-are-safe-and-easy-ways-this-can-be-reduced-184170#



(7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Z. Or and A.-V. Seppianen, “The role of the health sector in tackling climate change: A
narrative review,” Health Policy, vol. 143, p. 105053, May 2024, doi:
10.1016/j.healthpol.2024.105053.

M. Graban and J. Toussaint, Lean Hospitals: Improving Quality, Patient Safety, and
Employee Engagement, 3rd ed. Productivity Press, 2018. doi: 10.4324/9781315380827.
V. Swarnakar, A. R. Singh, and A. K. Tiwari, “Evaluating the effect of critical failure
factors associated with sustainable Lean Six Sigma framework implementation in
healthcare organization,” International Journal of Quality & Reliability Management, vol.
38, no. 5, pp. 1149-1177, Oct. 2020, doi: 10.1108/IJQRM-07-2020-0243.

N. Afiyani, I. P. Suwandi, and H. Andriani, “Analisa Manajemen Support dalam
Manajemen Obat di Unit Farmasi Rumah Sakit Universitas Indonesia,” Mal Health Stu J.,
vol. 3, no. 10, pp. 3355-3364, Oct. 2023, doi: 10.33024/mahesa.v3i10.11745.

Ministry of Health of the Republic of Indonesia, Permenkes Nomor 72 Tahun 2016,
Regulation of the Minister of Health 72, 2016.

P. N. Syahidah, A. Sriatmi, and S. P. Arso, “Tantangan Pengendalian Obat di Rumah
Sakit : Studi Kualitatif,” vol. 9, 2025.

E. Dwi Setiyaningrum and Y. Dwi Saputra, “Evaluasi Pengelolaan Stok Obat Yang
Mendekati Kadaluwarsa di Instalasi Farmasi Rumah Sakit Bethesda Yogyakarta Periode
Januari — Juni 2019,” jofar, vol. 6, no. 1, pp. 21-28, Mar. 2021, doi: 10.37089/jofar.vi0.99.
Y. M. Waruwu and H. Santoso, “Upaya Minimasi Limbah Padat Rumah Sakit Umum
Pusat Dokter Kariadi Semarang Dengan Penerapan Strategi Cleaner Production,”
Industrial Engineering Online Journal, vol. 4, no. 2,2016.

M. Defitri, “Recognizing the Dangers of Paper Waste for the Environment.” Accessed:
Aug. 06, 2025. [Online]. Available: https://wastedchange.com/blog/kenali-bahaya-
sampah-kertas-bagi-lingkungan/

A. C. Dias and L. Arroja, “Comparison of methodologies for estimating the carbon
footprint — case study of office paper,” Journal of Cleaner Production, vol. 24, pp. 30-35,
Mar. 2012, doi: 10.1016/j.jclepro.2011.11.005.

H. Dion, M. Evans, and P. Farrell, “Hospitals management transformative initiatives;
towards energy efficiency and environmental sustainability in healthcare facilities,” JEDT,
vol. 21, no. 2, pp. 552-584, Mar. 2023, doi: 10.1108/JEDT-04-2022-0200.

C. Martin, K. Maoate, A. Hooshyari, F. V. Ordones, and L. P. Vermeulen, “Transitioning
to Office-based Transperineal Prostate Biopsy—A Case Study From a Regional New
Zealand Hospital in Economic and Environmental Sustainability,” Urology, p.
S0090429525002961, Mar. 2025, doi: 10.1016/j.urology.2025.03.052.

F. Pascale and N. Achour, “Envisioning the sustainable and climate resilient hospital of
the future,” Public Health, vol. 237, pp. 435442, Dec. 2024, doi:
10.1016/j.puhe.2024.10.028.

M. M. A. Lsloum et al., “Strategies for Effective Health Services Management in
Hospitals: A Systematic Review of Key Models and Practices,” JoE, vol. 3, no. 8, pp.
881-888, Nov. 2024, doi: 10.62754/joe.v318.4775.

C. R. A. Hallam and C. Contreras, “Lean healthcare: scale, scope and sustainability,”
IJHCQA, vol. 31, no. 7, pp. 684—696, Aug. 2018, doi: 10.1108/IJTHCQA-02-2017-0023.
J. A. Marin-Garcia, P. I. Vidal-Carreras, and J. J. Garcia-Sabater, “The Role of Value
Stream Mapping in Healthcare Services: A Scoping Review,” IJERPH, vol. 18, no. 3, p.
951, Jan. 2021, doi: 10.3390/ijerph18030951.



(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

J. C. Prado-Prado, J. Garcia-Arca, A. J. Fernandez-Gonzalez, and M. Mosteiro-Aqoén,
“Increasing Competitiveness through the Implementation of Lean Management in
Healthcare,” IJERPH, vol. 17, no. 14, p. 4981, July 2020, doi: 10.3390/ijerph17144981.
A.-V. Seppénen and Z. Or, “The Environmental Sustainability of Health Care Systems: A
literature review on the environmental footprint of health care systems and interventions
aiming to reduce it — towards a framework for action for France,” IRDES, 2023.

N. Piercy and N. Rich, “The relationship between lean operations and sustainable
operations,” International Journal of Operations & Production Management, vol. 35, no.
2, pp. 282-315, Feb. 2015, doi: 10.1108/IJOPM-03-2014-0143.

K. Radecka, “Improving business maintenance processes using Lean Manufacturing tools
— case study,” SPSUTOM, vol. 2022, no. 156, 2022, doi: 10.29119/1641-
3466.2022.156.27.

O. Morell-Santandreu, C. Santandreu-Mascarell, and J. Garcia-Sabater, “Sustainability
and Kaizen: Business Model Trends in Healthcare,” Sustainability, vol. 12, no. 24, p.
10622, Dec. 2020, doi: 10.3390/su122410622.

M. F. Suarez-Barraza and J. A. Miguel-Davila, “Kaizen—Kata, a Problem-Solving
Approach to Public Service Health Care in Mexico. A Multiple-Case Study,” IJERPH,
vol. 17, no. 9, p. 3297, May 2020, doi: 10.3390/ijerph17093297.

S. Hammami, F. Hmida, H. Gharbi, A. B. Salah, and C. Hamouda, “Implémentation de
I’approche 5S-KAIZEN-TQM dans un hopital tunisien Implementation of the 5S-
KAIZEN-TQM approach in a public hospital in Tunisia,” LA TUNISIE MEDICALE, vol.
100, 2022.

H. Chahal and Fayza, “An exploratory study on kaizen muda and organisational
sustainability: patients’ perspective,” International Journal of Lean Enterprise Research,
vol. 2, no. 1, pp. 81-94, 2016.

A. N. I. Norazlan, N. F. Habidin, M. H. Roslan, and M. Z. Zainudin, “Investigation of
kaizen blitz and sustainable performance for Malaysian healthcare industry,” ZJQI, vol. 2,
no. 3/4, p. 272, 2014, doi: 10.1504/1JQ1.2014.066381.

H. Ishijima, N. Miyamoto, F. Masaule, and R. John, “Improvements to healthcare waste
management at regional referral hospitals in Tanzania using the KAIZEN approach,”
TOM, vol. 34, no. 5, pp. 939-956, Nov. 2022, doi: 10.1108/TQM-10-2020-0254.

F. L. Lizarelli ef al., “Analysis of the impact of Kaizen practices on ESG performance and
the mediating role of digital systems,” BPMJ, vol. 31, no. 8§, pp. 148—175, June 2025, doi:
10.1108/BPMJ-01-2025-0056.

E. Volkan, I. Kése, S. Cece, and O. Elmas, “Analysis of the effect of digital hospital efforts
on paper savings in inpatient procedures and on the duration of nursing care services,”
Front. Digit. Health, vol. 6, p. 1367149, June 2024, doi: 10.3389/fdgth.2024.1367149.
N. Torun, “Economic Effects of Digitalization: Health Sector Example,” Anemon Mus
Alparslan Universitesi Sosyal Bilimler Dergisi, vol. 12, no. 2, pp. 717-724, Aug. 2024,
doi: 10.18506/anemon.1507704.

T. O. Olawumi and D. W. M. Chan, “A scientometric review of global research on
sustainability and sustainable development,” Journal of Cleaner Production, vol. 183, pp.
231-250, May 2018, doi: 10.1016/j.jclepro.2018.02.162.

V. Tripathi et al., “Development of a Data-Driven Decision-Making System Using Lean
and Smart Manufacturing Concept in Industry 4.0: A Case Study,” Mathematical
Problems in Engineering, vol. 2022, pp. 1-20, May 2022, doi: 10.1155/2022/3012215.



[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

A. Chaudhuri, H. Naseraldin, and G. Narayanamurthy, “Healthcare 3D printing service
innovation: Resources and capabilities for value Co-creation,” Technovation, vol. 121, p.
102596, Mar. 2023, doi: 10.1016/j.technovation.2022.102596.

N. Hervé, “Decarbonons-La Santé Pour Soigner Durablement! Dans Le Cadre Du,” 2021.
Y. Shaabani, A. Vafaee Najar, M. N. Shafiee, M. Meraji, and E. Hooshmand, “Designing
a green hospital model: Iranian hospital,” International Journal of Healthcare
Management, vol. 13, no. supl, pp. 427-433, Dec. 2020, doi:
10.1080/20479700.2019.1572265.

L. M. A. D. M. Correia and A. G. Frank, “Structuring resources in healthcare digital
transformation: a comparison across public, private and research hospitals,” Technovation,
vol. 147, p. 103320, Sept. 2025, doi: 10.1016/j.technovation.2025.103320.

S. Kraus, F. Schiavone, A. Pluzhnikova, and A. C. Invernizzi, “Digital transformation in
healthcare: Analyzing the current state-of-research,” Journal of Business Research, vol.
123, pp. 557-567, Feb. 2021, doi: 10.1016/j.jbusres.2020.10.030.

N. Raimo, I. De Turi, F. Albergo, and F. Vitolla, “The drivers of the digital transformation
in the healthcare industry: An empirical analysis in Italian hospitals,” Technovation, vol.
121, p. 102558, Mar. 2023, doi: 10.1016/j.technovation.2022.102558.

R. Cerchione, P. Centobelli, E. Riccio, S. Abbate, and E. Oropallo, “Blockchain’s coming
to hospital to digitalize healthcare services: Designing a distributed electronic health
record ecosystem,” Technovation, vol. 120, p. 102480, Feb. 2023, doi:
10.1016/j.technovation.2022.102480.

M. Beane, “Shadow Learning: Building Robotic Surgical Skill When Approved Means
Fail,” Administrative Science Quarterly, vol. 64, no. 1, pp. 87-123, Mar. 2019, doi:
10.1177/0001839217751692.

A. Saifudin, M. H. Aima, A. H. Sutawidjaya, and S. Sugiyono, “Hospital digitalization in
the era of industry 4.0 based on GHRM and service quality,” 10.5267/j.ijdns, pp. 107—
114, 2021, doi: 10.5267/1.ijdns.2021.2.004.

R. Spano, M. Massaro, and S. lacuzzi, “Blockchain for value creation in the healthcare
sector,” Technovation, 2021, [Online]. Available:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85147692070&partner] D=40&mdS5=c13266458e49ab43ef5de30e191721df

K. Borges De Oliveira, E. F. Dos Santos, A. F. Neto, V. H. De Mello Santos, and O. J. De
Oliveira, “Guidelines for efficient and sustainable energy management in hospital
buildings,” Journal of Cleaner Production, vol. 329, p. 129644, Dec. 2021, doi:
10.1016/j.jclepro.2021.129644.

Reza Zandi Doulabi, “Green Hospitals: A Glance at Environmental Sustainability and
Energy Efficiency in Global and Iranian Contexts,” pst, vol. 48, no. 1, pp. 1948-1967,
June 2024, doi: 10.52783/pst.465.

D. Rojas-Rueda, “Green hospitals: maximizing health and climate benefits globally,”
Science of The Total Environment, vol. 982, p. 179692, June 2025, doi:
10.1016/j.scitotenv.2025.179692.

J. Kumar, “Lean and Kaizen Application in the Healthcare during the COVID-19
Pandemic,” in Proceedings of the International Conference on Industrial Engineering and
Operations Management, Singapore, Singapore: [EOM Society International, Mar. 2021.
doi: 10.46254/AN11.20210965.

H. Pujianto, F. P. Dharma, M. Afifudin, and D. Hindardi, “Implementasi Kaizen dalam
Menurunkan Cacat Benang Belang pada PT. XYZ,” in Proceeding Mercubuana
Confrence on Industrial Engineering 4th MBCIE 2022, 18 Juni 2022: Renewable Energy



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Toward Sustainability Of Supply Chains In The 14.0 Era, Jakarta, Indonesia, 2022, pp.
124-128. doi: 10.22441/MBCIE.2022.014.

H. Pyjianto, “Implementasi Kaizen Dalam Meningkatkan 5s dan Menjaga Kualitas Hasil
Praktik Pada Workshop Pertenunan di Ak-Tekstil Solo,” Majalah Teknik Industri, vol. 28,
no. 1, 2020.

R. S. Salloom and M. J. Sorour, “The Role of Green Kaizen in Productivity Enhancement,”
IJRSSH, vol. 11, no. 4, pp. 129-140, 2021.

R. Schwab, L. J. Schiestl, and A. Hasenburg, “Greening the future of healthcare:
implementation of sustainability strategies in German hospitals and beyond—a review,”
Front. Public Health, vol. 13, p. 1559132, May 2025, doi: 10.3389/fpubh.2025.1559132.
E. Delice, L. O. Polatli, K. A. Jbara, H. Tozan, and A. Ertiirk, “Digitalization in
Healthcare: A Systematic Review of the Literature,” in International Scientific Conference
on Digital Transformation in Business: Challenges and New Opportunities, MDPI, Mar.
2023, p. 26. doi: 10.3390/proceedings2023085026.

R. R. Z. Tarpani and A. Gallego-Schmid, “Environmental impacts of a digital health and
well-being service in elderly living schemes,” Cleaner Environmental Systems, vol. 12, p.
100161, Mar. 2024, doi: 10.1016/j.cesys.2023.100161.

D. F. Arum, J. M. Peranginangin, and I. Purwidyaningrum, “PIECES Method for
Evaluating the Management Information System in the Pharmacy Installation of Hospital
X,” FJMR, vol. 4, no. 4, pp. 1811-1824, Apr. 2025, doi: 10.55927/fjmr.v4i4.161.

M. Fragdo-Marques and T. Ozben, “Digital transformation and sustainability in healthcare
and clinical laboratories,” Clinical Chemistry and Laboratory Medicine (CCLM), vol. 61,
no. 4, pp. 627-633, Mar. 2023, doi: 10.1515/cclm-2022-1092.

J. Al Fannah, S. Al Sabahi, H. Al Harthi, M. Al Bahrani, and Q. Al Salmi, “Towards a
green hospital approach in Oman: A case study of quantifying an environmental impact,”
The International Journal of Health Planning and Management, vol. 38, no. 5, pp. 1583—
1589, Sept. 2023, doi: 10.1002/hpm.3662.

A. Vallée, “Green hospitals face to climate change: Between sobriety and resilience,”
Heliyon, vol. 10, no. 2, p. €24769, Jan. 2024, doi: 10.1016/j.heliyon.2024.e24769.

A. Salkuni¢, L. Gadze, and A. Vila, “Integration of methodologies for continuous
improvement and green innovations,” Proceedings of the International Congress on
Process Engineering — Processing; God. 37 Br. 1 (2024): International Congress on
Process Industry, 2024, doi: 10.24094/ptk.024.037.

L. Sanchez-Ruiz, B. Blanco, J. A. Marin-Garcia, and E. Diez-Busto, “Scoping Review of
Kaizen and Green Practices: State of the Art and Future Directions,” IJERPH, vol. 17, no.
21, p. 8258, Nov. 2020, doi: 10.3390/ijerph17218258.



