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This research addresses a gap in the existing literature by integrating value stream
mapping (VSM) with system dynamics to optimize the blood donation supply chain, an
area in which governments worldwide must enhance services as part of their broader
health sector improvements. This study investigates the application of lean service
principles to eliminate waste in the blood donation supply chain within blood banks and
the Indonesian Red Cross. Specifically, this research aims to minimize the blood bag
waste, shortages, and prolonged waiting times. The model is developed by first
identifying waste in the existing system and then tracing the root causes of waste
through fishbone analysis. The proposed model is validated using statistical testing
under actual conditions. The results show that the lead time is reduced by 21%.
Additionally, the results indicate that critical waste occurs primarily due to
inappropriate processing and waiting. This research contributes to the field by providing
a comprehensive framework for identifying and reducing inefficiencies in the blood

donation process.

1. INTRODUCTION

Blood is a vital component of the human body as it supplies
oxygen, food, and other substances to sustain its functionality.
In certain medical situations, a transfusion is needed to save
lives and treat patients from various diseases and blood loss.
Ideally, hospitals should have stable and sufficient bloodstock
for patients in critical and emergency conditions, such as
mothers experiencing bleeding after delivery or patients
suffering road traffic injuries. Delays in transfusion due to the
lack of blood stocks could result in mortality [1].

Blood services can be defined as human blood distribution
for wvarious humanitarian, non-commercial purposes. In
Indonesia, these services are provided by the Indonesian Red
Cross (IRC). Established on 17 September 1945, the
Indonesian government authorized the organization to manage
the national blood supply. Blood supply chain management
(BSCM) regulates the long and interconnected supply chains,
with stages comprising collection, production, inventory, and
distribution [2]. IRC collects blood supply using the mobile
and fixed location models. Mobile units visit institutions
volunteering to organize blood donations, such as schools,
universities, government offices, etc. Meanwhile, the fixed
location model collects supplies from donors’ participation at
the IRC offices.

These collection processes were disrupted by the COVID-
19 outbreak in 2020 because the health sector was hit the
hardest compared to the economic, education, and other social
sectors. With the spread to more than 201 countries, the
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pandemic changed lives globally. In Indonesia alone, the death
toll exceeded 15,000 cases. In such a crisis, governments in
various countries curbed the spread by social distancing and
implementing lockdowns. However, the Government of
Indonesia chose not to implement lockdowns, fearing the
devastating impact on the economy, and only opted for social
distancing practices, which include forbidding crowds,
keeping the 1.5-meter distance, advocating frequent hand
washing, and wearing face masks. These policies to handle the
outbreak have disrupted many supply chains, including a
decrease in IRC’s supply. The reduction was almost even in
all units in Indonesia at about 70%. This was also exacerbated
by the public’s reluctance to donate blood for safety reasons.
Maintaining service quality is essential in the blood supply
chain to encourage donations. However, this was difficult to
achieve as the operations of IRC units were heavily affected
by the movement restriction. The number of donors also
declined, so meeting the local hospitals' blood demands was
difficult. In this situation, strategic steps were needed to adjust
the existing policies so that blood availability could be
maintained under disrupted conditions. Demand for
transfusion was very high due to other diseases, so more donor
activities were needed. However, donors’ safety needed to be
ensured by complying with the infectious disease’s prevention.
The lean service concept could be applied to improve the
service quality of blood donation, especially during the
pandemic. This methodology has improved operations in
many sectors, including healthcare [3]. It is part of the
continuous effort in various medical services, including IRC
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units, to reduce waste and add value service for customers [4].
Lean service is a quality improvement methodology to reduce
waste that does not add value to a product or service [5] so that
service quality and processes can be improved to enhance
customer satisfaction. Meanwhile, system dynamics (SD) can
identify critical waste efficiently and model the impact of
waste on blood availability using the object-oriented
simulation method. It models various wastes as feedback loops
and their impacts on blood availability. In other words, SD can
assess the initial conditions and the impact recommendations.

This research examines service improvements in abnormal
conditions. The first step is to identify the existing wastes and
provide recommendations to improve the system by providing
sufficient supply. As such, the right solution to service quality
improvement can be proposed. This research was conducted at
Sleman IRC using the current VSM as a lean tool. The effect
of the proposal from the fishbone diagram on the blood bag
output was estimated using SD simulation. The main research
questions are as follows: (1) What types of waste are identified
that cause inefficiency? (2) What are the proposed scenarios
for reducing waste by using the VSM method? To provide
context for addressing these research questions, a review of
previous studies was conducted, which served as a method and
reference point to support and inform the research.

The rest of this paper is organized as follows: Section 2
presents the literature review. Section 3 outlines the
methodology. Section 4 presents the analysis results and
discussions, i.e., the comparison between the current and
proposed systems. Finally, Section 5 concludes the study.

2. LITERATURE REVIEW
2.1 Lean services in the healthcare sector

Past studies have shown how lean service has been widely
implemented in the healthcare sector [6]. Womack and Jones
[7], the founder of the lean production concept, identified the
opportunities for lean concept development in the health
system. The lean concept in the healthcare sector is similar to
the manufacturing sector, aiming to minimize waste in the
process. The differences lie in the relationship between the
process line and its object. In the manufacturing sector, the
process line relates to the material to be processed to produce
tangible products for consumption. Meanwhile, the process
line of lean services in the healthcare sector is the intangible
customers’ needs. These differences result in different design
parameters, implementation, and performance indicators.

Previous studies have shown that lean concepts in the
healthcare sector have been implemented through various
methods to achieve optimal operational performance. The
operational excellence of lean healthcare was measured based
on the workflow efficiency and increased capacity [8, 9],
added value activities, ergonomic environment [10], improved
outpatient and inpatient services through an automated
queuing system and facility management [11], reduced service
time from the identified critical waste [12-14], continuous
improvement of quality health services and patient safety [15],
reduced overprocessing, and minimized unnecessary
inventory and transportation waste of medical supplies to
surgery rooms [16]. The various analytical methods used in
previous studies include VSM, failure mood and effect
analysis (FMEA), simulation model, fuzzy logic, and kaizen
tools. It should be noted that studies on lean healthcare
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services above focused on achieving operational excellence by
identifying internal challenges.

The external challenges, such as the supply chain context,
must also be responded to by stakeholders to ensure that
quality standards, service responsiveness, and the material
supply lead time support the company’s internal business
processes. Past studies have examined the supply chain in
healthcare services, such as by Almutairi et al. [17],
Wijewardana and Rupasinghe [18]. In the context of the
COVID-19 pandemic, Yadav et al. [19] studied the inventory
management of the blood supply chain. The results emphasize
the importance of exploring the application of lean concepts in
the healthcare supply chain. However, the applications should
integrate tools of lean concepts with other methods that can
solve the complexity and dynamic problems in the healthcare
supply chain.

2.2 System dynamics in the healthcare sector

The application of SD simulation in the healthcare sector,
from the most to the least popular, are healthcare operations,
communicable diseases, non-communicable diseases,
healthcare systems, healthcare processes and policies, and
supply and demand in healthcare [20]. The blood supply chain
falls under the supply and demand in healthcare. However,
studies that involve simulation in the healthcare sector are still
limited, specifically in terms of simulation comparison, hybrid
modeling, and SD adoption. Among the few is the study
conducted by Samuel et al. [21], which examines the
implementation of the SD model in the healthcare supply chain
in India. The proposed model could reduce capacity and
service delays. Meanwhile, Abo-Hamad et al. [22] proposed a
framework based on a simulation of lean decision support for
healthcare applications. The framework stage consists of
identifying, developing, and assessing the hospital ward as a
case study.

In the context of the COVID-19 pandemic, Singh et al. [23]
investigated the impact on the logistics systems in the food
supply chain. They developed a simulation model with three
scenarios to analyze the disruptions in the food supply chain.
Meanwhile, Sy et al. [24] proposed an SD-based policy for a
pandemic response based on the coronavirus mortality cases
in Italy, Spain, Germany, France, and the Philippines. The
result shows that the most effective strategies were avoiding
coronavirus exposure and increasing healthcare capacities.
Chatterjee et al. [25] developed a stochastic mathematical
model for the analysis of the healthcare impact in India. The
proposed scenarios were modeled using 1000 runs of Monte
Carlo simulation on MATLAB software.

Miller et al. [26] investigated the burden on the US
healthcare sector caused by the COVID-19 pandemic. Their
findings highlight the importance of equitable and adequate
medical care and public health resources distribution to urban
and rural areas to reduce mortality rates. Ghaffarzadegan and
Rahmandad [27] used the SD simulation approach to estimate
the magnitude of the COVID-19 outbreak in Iran. They
claimed that the methods are applicable to similar cases in
other settings and could assist the government in estimating an
outbreak’s magnitude in the initial stage. Penn et al. [28]
developed a discrete-event simulation of a hospital general
ward. The study generated a model to plan the hospital's
capacity and assist healthcare planners in the UK. Currie et al.
[29] proposed four main models, namely: the discrete-event
simulation, agent-based modeling, SD simulation, and hybrid



simulation. They identified eleven decisions to reduce the
impact of COVID-19: (1) implementing quarantine strategies
and case isolation, (2) implementing social distance measures,
(3) managing lockdown termination, (4) delivery testing, (5)
targeting vaccination, (6) measuring the capacity of hospital
beds and critical care, (7) staffing, (8) managing resources, (9)
investigating thresholds for admission, (10) minimizing the
impact on other patients, and (11) maintaining health and well-
being. Meanwhile, Griffiths et al. [30] considered the capacity
of ICUs (Intensive Care Units). They proposed the discrete
event simulation to simulate the bed-occupancy of the ICUs as
well as monitoring any cancellations of Elective surgery.

2.3 Integration of lean service and system dynamics in the
healthcare sector

Referring to prior research, the integration of concepts that
are relevant to the current research includes the simulation
modeling and lean management in the healthcare sector [31],
the improvement of efficiency of the blood supply chain
system using the Taguchi method, the SD simulation proposed
by Zahraee et al. [32], the hybrid simulation model in
operational research [33], and the hybrid models and
simulation techniques in transdisciplinary researches [34-36].
However, considering the gap in the literature, the most
relevant approach to minimize waste in the blood supply chain
field is the integration between lean service and system
dynamics.

2.4 Research gap and contributions

Previous blood supply chain studies have primarily focused
on isolated improvements or general supply chain
optimization without detailing the integration of VSM and
system dynamics. While these studies have identified
inefficiencies, they often need a comprehensive framework
combining lean management principles with dynamic
modelling techniques. Specifically, the literature needs to
adequately explore how VSM can be used alongside system
dynamics to address specific challenges such as blood bag
waste, shortages and prolonged waiting times in the blood
donation process. This gap indicates a need for a more detailed
examination of how these methodologies can effectively
streamline operations within blood banks and improve overall
supply chain performance.

This research contributes to the field by applying VSM and
system dynamics specifically to the blood supply chain at the
Indonesian Red Cross. By integrating these methodologies,
the study offers a novel approach to identifying and reducing
inefficiencies within the blood donation process. VSM allows
for the visualization and analysis of current processes to
pinpoint waste. At the same time, system dynamics provides a
modelling framework to simulate and predict the effects of
changes within the system. This dual approach enhances the
efficiency of blood supply chain operations and offers a
replicable model that can be adapted for use in other regions
or sectors facing similar challenges. The research provides a
valuable framework for policymakers and practitioners to

optimize blood donation systems and improve service delivery.

3. METHODOLOGY

The VSM is a tool used to help visualize systems by
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mapping the flow of information and materials. The VSM
aims to understand the flow of information and materials and
the lead time of each process involved. A VSM is defined as a
collection of activities, including value-added (VA) and non-
value-added (NVA) activities, that are carried out to produce
aproduct or service, or a combination of both, for the customer
[22]. Data is obtained from interviews with relevant personnel
and field observations.

In this study, the simulation technique used is the system
dynamics approach. By using this method, the waste can be
explicitly considered. In this method, different causes of waste
processing can be modelled as feedback loops, and the number
of blood bag stocks can be measured and their impact on blood
donor services. The system dynamics approach can fully
measure the different causes of waste by considering each
waste's direct and indirect effects through feedback loop
analysis. Developing a system dynamics simulation involves
identifying and connecting the variables that affect blood
donor services and then developing a Causal Loop Diagram
(CLD) according to the existing conditions at the Indonesian
Red Cross (PMI) in Sleman Regency. Furthermore, Root
Cause Analysis (RCA) is used to comprehensively identify the
root causes of waste within the blood service process at PMI
Sleman Regency by thoroughly investigating potential failures.
The causes of waste are further analyzed using a Fishbone
Diagram, which considers five aspects: man, machine, method,
material, and environment. Subsequently, the alternative
improvement scenarios are based on the Fishbone Diagram
and the 5 Whys, with the output being a Future VSM.
Integrating system dynamics and VSM is used to assess the
impact of the proposed scenarios from the fishbone diagrams,
evaluating the output of blood bags produced and the waste
score variables.

Data were collected from direct observation to obtain
information about service activities, cycle time, number of
employees, blood stocks, average donors per day, information
flow in each department, and working hours. The four main
stages of conducting this research are:

1) Identifying service waste: The value-added (VA) and
non-value-added (NVA) activities in the current
blood donation service were identified from the
current VSM. The data adequacy was tested to ensure
accuracy. After that, eight types of service waste were
evaluated in a survey, i.e., defects, waiting, transport,
overproduction, inappropriate processing, excess
inventory, unnecessary motion, and human potential.
The types of service waste were ranked from 1 to 8,
with 1 being the most frequent waste. Then, the
survey results were processed using the Borda
method to identify critical waste.

RCA was conducted to identify the causes of the
critical waste using fishbone diagrams, i.e., man,
machine, method, material, and environment.

The simulation model in this research was developed
using Powersim Studio 9 software to identify the
influential variables and their relationship to current
blood donor services. The model boundaries were
determined based on the interviews with the heads of
the service division, the QC division, and the blood
donation division (six people in total). The dynamic
simulation model was verified and validated using the
tests for the similarity of two means and the similarity
of two variances. The data used to validate the model

2)

3)



is the data of the stocks at the blood banks. The data
validation uses t-test: Two-Sample Assuming Equal
Variances.

Improvement programs are made internally by
focusing on reducing production time.

4)

4. RESULT AND DISCUSSIONS
4.1 The existing healthcare services

4.1.1 The current VSM

This study uses VSM as a lean tool to identify waste, reduce
process cycle times, and implement process improvement.
Data were collected from direct observations and interviews
with the relevant parties. After the data were confirmed to
meet the adequacy test, the cycle time of the service processing
was calculated from the average of the measurement results by
multiple observations. The service cycle processing time is
shown in Table 1.

Table 1. Process and cycle time of the existing system

L Time
No. Process Activity (Seconds)
1a. The arrival of the donor 5.337
1b. Donors fill out the registration 63.232
1 Registration form .
lc. _Donc_>rs fill  out health 111.351
questionnaires
1d. Officers input data 21.708
2a. Donors to the checkpoint 9.961
2b. Weight Measurement 9.034
2 Prellr_nlne_lry 2c. Checking blood hemoglobin 138.341
examination levels
2d._ Blood group check for 41167
beginners
3a. Donors are waiting to be
Medical  examined by doctors 92613
3 examination 3b. Anamnesis by doctor 34.624
by doctor  3c. Blood pressure check 38.761
3d. Simple physical examination 23.882
4a. The patient goes to the donor 6.181
Donor blood "0°™
collection 4b. Wash the donor arm 27.741
4c. Blood draw 405.889
4d. Blood sampling 55.856
Taking 5a. Donors are waiting for vitamins  263.798
5 dono_r Cafd 5b. Donors take cards and vitamins ~ 9.687
and vitamins

Determining the current VSM requires data from the
previous stage and the classification of each activity. The data

The arrival
of the donor

IRC Service
Current Value Stream Map

required include the service process cycle, the available time,
and the VA and NVA activities. The classification of activities
into value and non-value-added are presented in Table 2.

Table 2. Categories based on value added (VA), non-value
added (NVA), and necessary non-value added (NNVA)

No. Process Activity VA NVA NNVA
la | N
. . 1b
1 Registration 1c N
1d S
2a N
9 Preliminary 2b S
examination 2c v
2d S
3a R
3 Medical examination 3b v
by doctor 3c S
3d S
4a v
4 Donor blood 4b v
collection 4c v
4d S
5 Taking donor card 5a \
and vitamins 5b v

After grouping each activity and collecting the required data,
the VSM of the current state of blood donor service at Sleman
IRC was created, as shown in Figure 1.

From the current VSM, the percentage of processing time
per activity was calculated as follows:

%VA = 98127 x 100 = 72.2%
"% T 1359.16 T reen
356.41
21.479

Next, the questionnaires were distributed to the employees
to determine the critical waste in the blood donation service at
Sleman IRC. Questionnaires were distributed to employees
who knew more about the process. The questionnaire was
distributed to seven respondents. The critical indicator is the
frequency of waste in the blood donation process. The
questionnaire used the Borda method. i.e., rating each type of
waste and multiplying it by the appropriate weight. Rank 1 has
the highest weight (n-1). The waste with the highest value
means it occurred the most frequently in the blood donation
process at the IRC.

Donor
process is
complete

Checking blood
hemoglobin

Donors fill out Donors fill out

Officers input Weight Blood group
the registration health data k

checl

y

‘Anamnesis by
doctor

Donors take
cards and

Blood pressure Simple physical Wesh the donor

examination

Blood draw Blood sampling

form levels

1 1 2 2 2 2
o o o o o

o o

2

) o= B vitamins
2 2 2 2 2
o o o o o

o

CT:63.2335 CT: 11135075 CT: 217085 CT:9.0345 CT: 1383415 CT: 411675

CT:34.6245

CT: 387615 CT: 23,8825 CT: 27,7415 CT: 405,889 5 CT: 55.856 5 CT:9.6875

|Available Time:
39600 s

|Available Time:

Available Time: Available Time: |Available Time: [Available Time:
39600 s 9600 5 600 s 139600 5

Available Time:
39600 s

5.3367 0s 0s 9.961 5 926125

Os 0s 0s 0s 0s Os
63.233 s 111.3507 s 21.708 s 9.034s 138.341s 41167 s 34.624 s 38.761s 23.882s 27.741s 405.889 s 55.856 s 9.687 s

Available Time:
39600 5

|Available Time:
139600 s

[Available Time: |Available Time:
139600 5 9600 s

Available Time:
39600 600 s

Available Time:
39600 s

Lead Time:
1,359.16 5

Cycle Time:

6185 263.798 s

981.27s

Figure 1. Value stream mapping for current service of Sleman IRC
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Table 3. The results of questionnaire (weight and rank)

(o)

Waste Type 12 Sth 2 67 8 Total Rank
Defect 10014010 24 012
Production 01021021 19 0.09
Waiting 23011000 39 019
Transport 00100213 10 0.05
Inventory 00101032 11 0.06
Motion 00130201 21 o011
Processing 33100000 44 022
Human potential 1 0 3 0 0 3 00 28 0.14
Weight 76543210 19

The results of the questionnaire recapitulation are shown in
Table 3. For example, the ranking calculation for the defect
waste is shown in table. The weighting of the top order was
assigned the value of m, which was the total number of choices
minus 1. In this case, the value of m was 8 minus 1=7. The
second position was assigned the value of m minus 1, and so
on, until the last sequence was given a weight of 0. After
obtaining the results of ranking calculations for each type of
waste from the questionnaire, the next step was to multiply the
numbers in the ranking column with their weight and then add
the multiplication results for the same type. The calculation
result was inputted in the total point column.

4.1.2 Root causes analysis

The identification results using the Borda method show that
the most critical waste was from the processing. Since system
improvement requires detailing its causes, the fishbone
diagram was used to identify the causes of processing waste.
The results are shown in Figure 2.

4.1.3 System dynamics simulation

This study aims to formulate regulations to guarantee blood
availability needed by the community. The regulations are
targeted at internal improvement and the external factors
related to the blood supply availability from donors. Using the
SD approach, the first step was to build the conceptual model
using a CLD. The use of VSM and Borda captured the real
system. This result was strengthened with data from an in-
depth interview with the blood supply management experts
and the decision makers in Sleman IRC. Table 4 presents the
variables identified from the interviews. The flow diagram is
presented in Figure 3.

The next step was to verify the flow diagram model that had
been designed using Powersim Studio 9 software to ensure
appropriateness and that it was free from error messages. The
visual image was created to do this, as shown in Figure 3.
Since the flow diagram model has no errors, it could be stated
that the model has been properly verified.

Table 4. Variable identification in the blood supply chain

No.

Variable Name

Description

Formulation

OO0 N o

11

12

13

14
15

16

17

18

19

20

Stock

Production rate

Cycle time

Production

COVID effect

Routine donors
Non routine donors

Defect product
Production target
Donor needed
announced
Donors to needed
ratio

Shipping
Demand

Product shipped
Fulfillment ratio

Shortage

Expired rate

Population

Population growth

Buffer

Define the number of blood inventory in
PMI Sleman Regency.

Represents the production ability to
produce ready to be transfused blood.
Time needed to do production process.

The number of blood bag which are
ready to be produced.

The magnitude of COVID-19 influence
to the production rate.

People who regularly do blood donor.
People who donor their blood
incidentally.

The number of defect product.

The planned blood production target.
The number of donor which will be
confirmed.

Expected the number of donors ratio.

The number of blood shipment from
PMI.

The number of blood demand to PMI.

The number of blood shipped to PMI to
fulfill demand.
The demand fulfillment ratio.

The number of unfulfilled demand.

Rate of expired blood product.

The number of population that
potentially affect the number of
demand.

The population growth rate in

Kabupaten Sleman area.
The inventory which aims to reduce
shortage.

(Production-'Defect products')/'Cycle
time'

('Routine donors'+('COVID
effect*'Non Routine
donors’))*Productivity
GRAPH (‘Donors concern of
CovID',0,1,{1,0.588,0.294,0.114,0.03,
0//Min:0;Max:1//}<<1>>)

‘Donors needed
announced™'Announcement effectivity’'
Production*'% Defects’
Buffer+Demand+Shortage

'Production target*1<<people/bag>>

(‘'Routine donors'+'Non Routine
donors')/'Donors needed announced'
IF(Demand>Stock,Stock,Demand)/'Le
ad time shipping’
Population*'%
demand*1<<bag/people>>

Shipping/Demand
IF(Demand-
Shipping>0<<bag>>,Demand-
Shipping,0<<bag>>)
IF(Stock>0<<bag>>,Stock,0<<bag>>)/
"Time to expire'

Population*'% net growth’

Demand*'% buffer'
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Cause & Effect Fishbone Diagram

MACHINE METHOD MATERIAL

©

Donors have not adapted t
the COVID 12 Protocols

Still use conventional process Blood does not pass of the

Computers and human errors ‘Not available of blood bags
Blood collection technique
. -

—L —_
during a pandmiec Ong process

Tools and equipment errors
There are no ideas from employeges
that have a significant '@)’g
P WASTE
Human resources limitation
PROCESSING
The blood draw process

+ sometimes takes a long
time

ENVIRONMENT MAN

dmpact of government policy-

Donors are worried about contracting other diseas

The number of cancelled blood donatio!

Figure 2. Fishbone diagram of waste processing

Sl

‘i aman

Timo to explra

Exgirmd

Land tfme chipping

2
) \7

Productich rate

Praduct shippad

Dgfact praoducts Fulflimant rese

Shortoagoe

S0
n

Demand
% Defects
Buffar
Donore concarn of
Covid
Announcemeant
Routine d%{ affectivity
announced
Donora to Needed
ratuo
Figure 3. Flow diagram in blood existing system
Meanwhile, model validation ensures that the model created heads of the IRC unit, quality control, quality assurance, blood
follows the real conditions or systems. Senge and Forrester [37] service, and blood collection divisions. Meanwhile, the model
proposed 17 types of validity testing and classified them into behavior testing was conducted using a t-test: Two-Sample
three categories: (1) model structure testing, (2) model Assuming Equal Variances. The result is t-stat=0.0841, which
behavior testing, and (3) policy implications testing. In this is smaller than t-critical two-tail 2.048407. This means no
research, the model structure testing was conducted using face difference between the real system and the model.

validity from direct consultation with the experts, namely the
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Shortage fluctuation

Bags

Q AN VO N N N AN
o";’ czﬁ:\, C'»@, 049, é’g’ cz,*g, 60:»
W e o e

Figure 4. Shortage fluctuation of existing system

Fulfillment ratio

Figure S. Fulfillment ratio of existing system

The simulation was conducted from 2020 to 2021. The
results show that the shortages in blood bag availability was
significant. The number of donors decreased, creating a gap in
the donor and demand ratio. Figure 4 shows that Sleman IRC
experienced more shortages between March 2020 and
February 2021. It shows increasing trends and a sinusoid
fluctuation. The low number of occasional donors caused the
increasing trend of diseases and pandemic. Meanwhile, the
sinusoid fluctuation was caused by the regular donors who
donate every three months.

The declining number of donors dramatically affects the
performance of the Sleman IRC in providing services to the
community. The large order fulfillment ratio (FR) shows the
ability to serve public demand. Figure 5 shows that the FR
value is less than 1, indicating that the requests for blood bags
were not fulfilled entirely. Policies in the blood supply chain
system should be strengthened to avoid the negative impact of
low supply. Since blood bags can save lives in emergencies,
the low supply will lower public health services and increase
mortality rates.

Data from the interviews with the experts, as shown in the
fishbone diagram in Figure 2, indicate that the dominant factor
affecting the amount of waste and low blood supply is the
environmental factor. The results suggest that, in terms of the
internal production process, the IRC in Sleman needs to reduce
the blood donor processing time. This should be coupled with
policies to deal with the impact of environmental factors that
reduce the number of donors.

4.2 Proposed improvement

4.2.1 Future VSM

The future VSM is made based on the reduction of
processing time by eliminating the non-value-added activities,
as shown in Figure 6. The analysis shows that the waiting time
was the activity that did not add value. Online registration by
donors can eliminate the time for data input, so waiting time
can be minimal. Improvement can also be made through blood
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donor scheduling as it can reduce crowds and streamline blood
donation times. Tables 5 and 6 show the cycle time
improvements, and total service time improvements,
respectively.

Table 5. Process and cycle time of the proposed model

. Time
No.  Process Activity (Seconds)
1a. The arrival of the donor 5.337
_ _ 1b. Donors filling out the registration 63.232
1 Registration form
1lc. .Don(_)rs filling out health 111.351
questionnaires
2a. The donor heads to the checkpoint ~ 9.961
Preliminary 2b. Weight Measurement 9.034

examination 2c. Checking blood hemoglobin levels 138.341

2d. Blood group check for beginners 41.167
3a. Donors are waiting to be examined

Medical by doctors 92613

3 examination 3b. Anamnesis by doctor 34.624
by doctor 3c. Blood pressure check 38.761

3d. Simple physical examination 23.882

4a. The patient goes to the donor room  6.181

4 Blood donor 4b. Wash the donor arm 27.741
collection 4c. Blood draw 405.889

4d. Blood sampling 55.856

5 a?gr\]/?traﬁirgs 5a. The donor collecting a donor card 9.687

. and vitamins
collection

Table 6. Total time for service improvement

No. Description Time (Seconds)
1 Lead time 1,073.70
2 Cycle time 959.56

4.2.2 Policy design

From the analysis of the existing system, the factor leading
to the decline in the number of donors was the concern about
disease infection. According to the expert opinion, the disease
pandemic can be in at least three ways. The first is changing
people’s behavior to comply with health protocols, such as
wearing masks and maintaining social distancing and
cleanliness. The second is increasing public education about
the disease so they can still do their activities without
excessive fear. The third is administering vaccines to the
majority of the population to build herd immunity. If these
three suggestions are applied will impact the donation
activities, as shown in Table 7.

Table 7. Proposed policy improvement

Improving Inf_ectious

Policy Health Proto_c ol Health  Vaccination Disease

Implementation Li . Concern

iteration
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4
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Figure 6. Proposed value stream map of IRC service

Production rate

—#— Initial (Scenario 0) Scenario 1
Scenario 2 Scenario 3
Scenario 4 Scenario 5
25
20
» 15
&
10
5
0 O
N S T S N S T NP\ S\ SN
A A N N A N A A A
I T T S

Figure 7. Production of future system based on simulation
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The results of simulations on the blood bag production are
shown in Figure 7. The best scenario is Scenario 5, which
proposes the application of strict health protocols, more
intensive  public education, and public vaccination
simultaneously. Figures 8 and 9 show that with Scenario 5, the
shortage can be reduced to 0, and the order fulfillment ratio
can reach 1.

5. CONCLUSIONS AND RECOMMENDATIONS

The waste identified by VSM was primarily generated by
waiting times for anamnesis and donor card collection,
accounting for 20% of total waste. Additionally, the critical
waste identified by the Borda method was due to inadequate
processing, with a percentage value of 22%. These
inefficiencies were further analyzed using a fishbone diagram,
highlighting five key aspects: man, method, machine, material,
and environment. Among these, the environmental aspect
emerged as a significant contributor to waste, mainly due to
the impact of government policies. The decline in the number
of donors was notably attributed to fears of virus transmission,
leading to the cancellation of many donation events and
deterring participants due to strict protocols and technical
adjustments.

To address these issues, the proposed design for the Sleman
IRC includes a future VSM that reduces non-value-added
activities. This redesign reduced lead time from 1,359.16s to
1,073.70s, a 21% decrease. Moreover, the system dynamics
simulation evaluated several proposed policies to mitigate
blood stock shortages. The model highlighted donors'
concerns about disease as the primary factor causing the
shortage. Therefore, the recommended policies should focus
on alleviating these concerns through enhanced safety
measures and public awareness campaigns. Scenario 5, which
combines lean service principles with strategic system
dynamics modelling, demonstrated promising results by
increasing production and eventually eliminating shortage
problems. This confirms that an integrated approach using lean
service and system dynamics effectively solves blood supply
chain management challenges. These results show that
suggestions for improvement in the future include conducting
the registration process online by filling out the registration
form and health questionnaire; this suggestion reduces waste
caused by inappropriate processing caused by lengthy
administrative procedures. One of the proposals from the
scenario is the need for more implementation of 5S and
inadequate waiting room, which necessitates a change in the



layout of the waiting area.

One potential challenge of this research is the difficulty in
accurately capturing and analyzing all variables influencing
the blood donation supply chain, especially given the complex
interactions between factors such as donor behaviour and
policy changes. Additionally, implementing the proposed
recommendations may face resistance due to organizational
inertia or lack of resources, which could affect the practical
application and sustainability of the suggested improvements.

Future work will benefit from extending the study by
considering the availability of stocks for other emergency
cases, such as bleeding in baby delivery and patients with road
traffic injuries. This problem can be investigated further by
using a discrete-event simulation. The proposed model can be
optimized by using mathematical models, such as integer
linear programming model [38].
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