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Abstract—Sustainable development in MSMEs is very 

important to encourage economic growth, improve the welfare of 

people, and ensure environmental sustainability. However, 

achieving sustainability in the MSME sector faces many 

challenges due to the complex interdependencies and dynamic 

interactions among various factors. The system dynamics 

approach makes it possible to model and simulate dynamic 

feedback loops, time delays, and nonlinear relationships between 

these factors. This paper provides an overview of the system 

dynamics approach and its suitability to address the complexities 

inherent in the MSME sector in its application to sustainable 

development. It explores the issues faced by MSMEs in achieving 

sustainable development and how the system dynamics approach 

models and analyzes the behavior of these MSMEs. These issues 

cover the dimensions of product development, technology and 

ICT inclusion, supply chain, business development, financial 

resources, and organizational support. This study was conducted 

on several case studies from various industries, namely the steel 

industry, agro-industry, craft industry, tourism industry, plastic 

molding, manufacturing, cosmetics, and digital companies; who 

come from various countries. From this study it was concluded 

that the system dynamics approach has significant potential to 

support the achievement of sustainable development in MSMEs, 

because it allows MSMEs to be able to effectively model and 

simulate the behavior of various factors that affect their 

operations, such as resource allocation, environmental impacts, 

and social considerations; proactively addressing sustainability 

challenges, adapting to changing market conditions, and 

contributing to broader socio-economic and environmental 

objectives. 

Keywords—System dynamics; sustainable development; Micro 

Small and Medium Enterprises (MSMEs) 

I. INTRODUCTION 

The agreement of the agenda on Sustainable Development 
Goals (SDGs) 2030 which aims to end poverty, social 
inequality, and protect the environment represented by three 
pillars namely economic growth, social inclusion, and 
environmental protection is still being pursued and 
implemented. One of the SDGs adopted by the United Nations 
which is goal 8 relating to decent work and economic growth, 
aims to promote sustained, inclusive, and sustainable economic 
growth, full and productive employment, and decent work for 
all. This goal aims to promote development-oriented policies 
that support productive activities, decent job creation, 

entrepreneurship, creativity, and innovation, and encourage the 
formalization and growth of micro-, small- and medium-sized 
enterprises, including through access to financial services. 

Micro-, small- and medium-sized enterprises (MSMEs) are 
drivers of economic growth in many countries [1]. MSMEs 
have a very important role in economic development as a 
significant contributor to gross domestic production (GDP) and 
job creation [2]. Because the existence of MSMEs has a 
positive influence on development, the sustainability of 
MSMEs needs to be maintained, especially by the government. 
The factors that influence the sustainability of MSMEs are 
different, depending on the point of view of each institution. 

The concept of sustainability is interpreted as a socio-
ecological process that takes place dynamically and 
continuously, resulting in a system that works and can be 
applied for the long term; where the underlying thing is the 
concern of all parties about efforts to improve the quality of 
human life, to efforts to change behavior to meet sustainable 
living needs not only for the present but also for the future, 
especially related to the problem of worsening natural damage. 

Sustainable development is an abstract idea with complex 
and involving goals in various aspects. Because MSMEs and 
their sustainable development are complex systems and involve 
many stakeholders and perspectives in seeing how MSMEs are 
affected and what variables influence them, it is necessary to 
map the complexity of the system comprehensively from a 
macro perspective. Knowing this complexity requires a tool 
and understanding of sustainable development. One tool that 
can be used to formulate and model sustainable development is 
a system dynamics approach. This approach is widely used 
because it can provide an overview of real-world phenomena 
and the interrelationships of various elements of the dynamic 
variable. By understanding the complex dynamics of MSMEs 
that are influenced by various interrelated factors such as 
market conditions, economic policies, and social dynamics; the 
system dynamics approach provides a structured framework for 
understanding and modeling these complex dynamics, helping 
stakeholders gain insight into MSME behavior and 
sustainability challenges. Sustainable development in MSMEs 
often involves handling feedback loops which can lead to a 
strengthening or balancing effect. System Dynamics can help 
identify and mitigate reinforcement loops that perpetuate 
unsustainable practices or amplify negative impacts. On the 
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other hand, System dynamics can also identify counterbalance 
loops that promote sustainable behavior and ensure long-term 
viability. The System Dynamics model can highlight points of 
influence where interventions can be strategically implemented 
to achieve sustainable development in MSMEs. By simulating 
various scenarios and analyzing the impact of interventions on 
system behavior, decision-makers can prioritize and design 
effective policies, practices, and interventions that lead to 
positive results. In addition to providing an analysis of long-
term effects, System Dynamics can also provide an analysis of 
delays in achieving sustainable results. This capability helps 
MSMEs and policymakers evaluate the potential consequences 
of decisions and policies taken so that new scenario analyses 
and simulations can be carried out to identify strategies that can 
balance short-term and long-term goals. 

Based on the complexity that exists in MSMEs and the 
capabilities that can be provided by system dynamics, the 
authors conducted a review of the existing literature related to 
the application of system dynamics in the MSME sector. This 
study is expected to provide insights to support sustainable 
development in MSMEs by focusing on understanding 
complex interactions, identifying points of influence for 
positive change, analyzing long-term effects, assessing policy 
interventions, promoting learning and capacity building, and 
increasing collaboration between stakeholders. In this paper, 
two terms are used in mentioning the object of study, namely 
Micro, Small, and Medium Enterprises (MSMEs) and Small 
and Medium Enterprises (SMEs) with the same purpose. The 
use of each term will be based on the literature studied. 

II. SUSTAINABLE DEVELOPMENT AND SDGS OVERVIEW 

A. Sustainable Development 

Sustainable development is a concept that refers to meeting 
the needs of the present generation without compromising the 
ability of future generations to meet their own needs. It is based 
on the idea of balancing economic growth, social well-being, 
and environmental protection, to create a better future for all. 
Sustainable development involves a long-term approach to 
decision-making that takes into account the social, economic, 
and environmental impacts of policies and practices. It 
recognizes that economic growth is necessary for human 
development, but that it must be pursued in a way that is 
socially inclusive and environmentally sustainable. 

Achieving sustainable development requires collaboration 
between governments, civil society, and the private sector. It 
involves making choices that promote economic, social, and 
environmental sustainability, and that are based on an 
understanding of the interconnectedness of these three areas. 

B. Sustainable Development Goals (SDGs) 

The United Nations has played a key role in promoting 
sustainable development through the adoption of the 
Sustainable Development Goals (SDGs) in 2015. The SDGs 
are a set of 17 goals and 169 targets that aim to end poverty, 
protect the planet, and ensure prosperity for all. The 17 SDGs 
cover a range of economic, social, and environmental issues, 
including poverty; hunger; health; education; gender equality; 
clean water and sanitation; affordable and clean energy; decent 
work and economic growth; industry, innovation, and 

infrastructure; reduced inequalities; sustainable cities and 
communities; responsible consumption and production; climate 
action; life below water; life on land; peace, justice, and strong 
institutions; and partnerships for the goals. 

The SDGs are designed to be universal and apply to all 
countries, regardless of their level of development or income. 
They are also intended to be integrated and interconnected, 
recognizing that progress in one area can have positive or 
negative impacts on other areas. 

Achieving the SDGs requires action at all levels, from local 
to global, and involves a range of stakeholders, including 
governments, civil society, the private sector, and individuals. 
The SDGs provide a shared vision, roadmap, and 
comprehensive framework for achieving sustainable 
development, and represent an important opportunity to 
address the most pressing of world challenges, including 
poverty, inequality, and climate change. 

III. SYSTEM DYNAMICS OVERVIEW 

System dynamics models typically use stocks and flow to 
represent the accumulation and flow of resources or 
information within a system. They also incorporate feedback 
loops, which are the interactions between different components 
of the system that influence each other's behavior over time. 

System dynamics refers to the study of the behavior of 
complex systems over time. System dynamics was first built by 
Forrester in 1969 with the aim of building models that can 
understand complex systems and states [3]. With system 
dynamics, we can analyze complex systems in a simpler way to 
get a complete system understanding, based on boundaries and 
scope discussion. Systems dynamics has been applied to 
various fields, including business management, engineering, 
environmental science, and public policy. 

System dynamics involves building a computer model of a 
system that incorporates key components (i.e. stock and flow), 
relationships, and feedback loops. This model can be used to 
simulate system behavior over time and test various scenarios 
and policies. Data in system dynamics is not only in 
quantitative form but can also be in qualitative form, because 
some of the variables considered in the model may not be in 
quantitative form. System dynamics can facilitate qualitative 
forms by using dummies (quantifying qualitative data). 

One of the key strengths of system dynamics is its ability to 
capture the nonlinear and dynamic nature of many real-world 
systems and to identify the underlying causes of persistent 
problems or unexpected outcomes. System dynamics models 
can help decision-makers to better understand the complexities 
of the systems they are dealing with and to make more 
informed and effective decisions based on data-driven insights. 

IV. MICRO, SMALL, AND MEDIUM ENTERPRISES OVERVIEW 

Micro, Small, and Medium Enterprises (MSMEs) are 
important drivers of innovation and economic growth, and they 
can be a source of employment and income for low-skilled 
workers and marginalized groups. In recent years, there has 
been increasing recognition of the importance of supporting the 
development of MSMEs, particularly in developing countries 
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where they can play a critical role in poverty reduction and 
sustainable development. Governments, development agencies, 
and other stakeholders are working to provide MSMEs with 
access to finance, technical assistance, and other resources to 
support their growth and development. 

Small and Medium Enterprises (SMEs) are entities that can 
support the economic development of a country [4], [5]. 
Meanwhile, specifically for developing countries, the context 
of Micro, Small, and Medium Enterprises (MSMEs) is more 
widely used because micro-enterprises continue to increase 
from time to time [1]. Based on EU recommendation, the 
European Commission defines micro, small, and medium 
enterprises based on several main factors namely the number of 
employees (staff headcount), sales (turnover), and profit 
(balance sheet total). A micro business is a company that has 
less than 10 employees, sales, and profit of at most EUR 2 
million. While small business is a company that has employees 
less than 50 people, sales and profit of at most EUR 10 million 
per year. Finally, medium-sized businesses have fewer than 
250 employees, and sales of at most EUR 50 million or EUR 
43 million of profit per year. If the company has a larger 
amount than this provision, it can be categorized as a large 
company. 

MSMEs have a critical role to play in achieving the SDGs, 
as they are a major source of employment and economic 
growth in many countries. However, they also face significant 
challenges in adopting sustainable business practices and 
contributing to the achievement of the SDGs. Efforts to support 
MSMEs in achieving sustainable development can help to 
accelerate progress towards the SDGs and promote a more 
inclusive and sustainable global economy. 

V. DISCUSSION ON SYSTEM DYNAMICS AND MSMES 

In the context of MSMEs (Micro, Small, and Medium 
Enterprises), system dynamics can help business owners and 
managers to understand the interdependencies between various 
components of their organization and how they interact over 
time. System dynamics can be used in MSMEs to model the 
behavior of the business and identify potential problems or 
opportunities. By analyzing the behavior of the business over 
time, system dynamics can also help MSMEs to identify areas 
where they can improve efficiency and performance. 

Table I provides an overview of system dynamics 
applications in MSMEs/SMEs. The industries included are the 
steel industry, agro-industry, manufacturing, cosmetics, craft, 
plastic molding, and other non-categorized industries. The year 
represents the date of publication, so it may differ from the 
year the study was conducted. It shows that using system 
dynamics for sustainable development started many years ago 
and is still relevant today. The column 'Main Goals' shows the 
main purpose of using system dynamics for each study. The 
sections that follow are summaries of each of the studies and 
their implementation of the system dynamics approach. 

A. Product Development 

Improve product development planning is recommended as 
one of the strategies to support company performance. Based 
on that, research [6] identifies and analyzes the factors that 
influence the advantages and product development success in 

the steel industry in Iran. The steel industry has a dynamic 
development structure because there are dynamics in the 
interrelationships between the elements that influence the 
quality and success of SMEs in this sector. Therefore, 
companies need to adopt an all-encompassing strategy related 
to creating and maintaining collaboration rather than 
concentrating on a single issue. Using system dynamics 
techniques in this study, it was found that the factors which 
influence the success and excellence of SMEs in the steel 
industry are organizational, managerial, human, marketing, and 
environmental factors. The interrelationships between variables 
commitment, mutual trust, and satisfaction in collaboration 
play an important role in the success and excellence of small 
and medium enterprises in the steel industry. The consequence 
is companies must be able to choose the right and compatible 
partners in terms of sales markets and work activities within 
the company structure to minimize non-functional conflicts. 

TABLE I.  APPLICATIONS OF SYSTEM DYNAMICS ON MSMES/SMES 

Sector Case Paper Year Main Goals 

Product 

development 
Steel industry [6] 

In 

press 

Product 

development 

Technology -
ICT 

South African 

SMEs 
[7] 2021 Digitalization 

Indonesian 

MSMEs 
[1] 2019 Digitalization 

SMEs [8] 2022 Digitalization 

SMEs [9] 2019 

Building 
Information 

Modeling 

(BIM) adoption 

SMEs [11] 2019 

Mobile 

analytics 

adoption 

Supply chain 

Malaysian 

agroindustry 
[12] 2018 

Performance 

measurement 

Indonesian 

agroindustry 
[13] 2019 

Performance 

measurement 

Agri-food SMEs 

in Kunming, 
China 

[14] 2020 

Home delivery 

agri-food 
supply chain 

Business 
development 

Manufacturing 

companies 
[15] 2019 

Crisis 

management 

Cosmetic 

company 
[16] 2021 

Sustainable 

strategy 

WoC-owned 

SMEs in the US 
[17] 2022 

Business 

sustainability 

Indonesian craft 
industry 

[18] 2019 
Business 
sustainability 

Plastic molding 
industry 

[19] 2020 
Risk 
management 

Digital 

companies 
[20] 2021 

Business model 

innovation 

Iranian SMEs [21] 2019 Increased ROI 

Iranian SMEs [22] 2021 
Business 

management 

Finance 

Indonesian 

SMEs 
[23] 2022 Bankability 

Malaysian SMEs [24] 2018 Financial risk 

Organizational 

Mexican tourism 
industry 

[25] 2023 
Organizational 
resilience 

Developing 

country SMEs 
[26] 2018 

Industrial 

clustering 
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B. Technology – ICT 

In this era, digitalization is becoming increasingly 
important for micro, small, and medium enterprises (MSMEs) 
to remain competitive and relevant in a fast-paced business 
environment. Process transformation involves many 
interrelated variables, and digitalization is no different. To 
make it easier for SMEs to navigate, a model was developed 
using the case of SMEs in South Africa to understand the 
complexity and management of digitization [7]. This model 
uses a system dynamics approach by considering the dynamic 
interactions between the determining variables which are 
productivity, finance, and skill of the workforce. Productivity 
is shown by the Labor Productivity Factor which refers to the 
percentage of the number of skilled workers, skill of the 
workforce is divided into skilled workers and unskilled 
workers, and finance is represented by the flow variable, 
namely the expenditure variable which is the result of 
calculations from sales, marketing costs, digitization costs, and 
wastage contingency. The developed model provides 
knowledge that digitalization has an impact on increasing 
sustainability performance; this condition demands the need for 
digital empowerment. Besides that, efficient process control 
with the right technology, especially for a large enough scale of 
operation, requires automation to avoid unexpected things. 

The process of digitizing MSMEs is complex and requires 
a holistic approach that considers various factors, one of which 
is the adoption of technology such as ICT inclusion. Reference 
[1] conducted research using a system dynamics approach in 
building MSMEs models with the involvement of ICT to 
increase MSMEs income, based on case studies in Indonesia. 
Because this is a macroscopic model, aspects other than ICT 
are also included, namely aspects of the market, MSMEs 
business stocks, government, and financing, which are 
considered to affect the increase in MSMEs income. From the 
causal loop diagram they developed, it is known that the ICT 
aspect is seen from the type of MSMEs whether it is micro, 
small, or medium level. For all levels, ICT capabilities are 
influenced by three components, namely digital operations, 
internet users, and e-banking services. Because ICT is an 
investment and is a long-term commitment, ICT inclusion 
requires adequate financial support from various parties, it can 
be personal, the government, or other parties funding. This 
means that the ICT capability at each level of MSME is 
influenced by these funding sources; as previously stated that 
ICT inclusion is aimed at increasing MSMEs income. Income 
is represented by the number of orders which is one of the 
variables in the market aspect. This linkage means that the 
more orders, the income of MSMEs business will be higher. 
Where each type of MSMEs business has its level of ICT 
capability, the number of orders will also be influenced by the 
MSMEs ICT capability itself. Meanwhile, the MSMEs 
business stocks and government aspects do not have a direct 
relationship with ICT aspects but are connected with market 
and funding aspects. From this model, the recommendation 
given is the need to increase the level of ICT capability in each 
type of MSME to increase their income. 

ICT forms the foundation for digital transformation by 
providing the infrastructure and capabilities an organization 
needs to digitize its operations while facilitating social 

interaction, content sharing, and networking among users can 
be done using social media platforms. For businesses, social 
media in general can provide an avenue for companies to 
engage with customers, build communities, conduct market 
research, and promote their products and services, in other 
words increasing market share. To identify the 
interrelationships of variables to increase SME market share 
due to the involvement of social media platforms, [8] utilizes 
one of the social media that is Instagram to study it using a 
system dynamics approach. From the developed model it is 
known that to increase market share, it is also necessary to 
increase engagement. The scenario model shows that 
engagement increases after including Instagram (social media) 
features in the simulation model. The increasing trend is found 
in the number of new customers, total business sales, and profit 
value. In other words, the use of social media in this case 
Instagram, helps SMEs in increasing their market share. The 
Instagram features considered in the simulation model are the 
number of comments, saves, views, likes, followers, and posts. 
This means that engagement can be increased by increasing the 
number of posts and interactive activities and maximizing the 
usage of Instagram (social media) features. 

In the construction industry, system dynamics is used to 
explore BIM adoption in SMEs in developing countries [9]. 
Building Information Modeling (BIM) is a digital technology 
that has revolutionized the construction industry by enabling 
the efficient planning, design, construction, and management 
of building and infrastructure projects. The main benefit of 
BIM for SMEs is in facilitating information management, 
communication, and collaboration between supply chain actors 
[10]. System dynamics in this study is used to understand the 
dynamics and challenges faced in BIM adoption. The two 
conceptual causal models developed show a causal relationship 
between BIM adoption behavior at the organizational/project 
level and the industry level. Awareness, management support, 
benefits, and costs of investing in BIM are variables 
influencing at the organizational level while awareness, 
organizations, benefits, and government are influencing 
variables at the industrial level. From system dynamics 
modeling, policy insights are obtained for better BIM adoption 
to be executed in practice in SMEs. 

The development of new digital technology that continues 
to move increasingly has an impact on SMEs. Research 
methods carried out by SMEs have also begun to utilize 
information technology, one of which is mobile analytics. 
Mobile analytics uses data from mobile apps, mobile websites, 
and other mobile platforms to gain insight into user behavior, 
preferences, and trends. Research [11] conducted a study on 
the impact of mobile analytics for SMEs using system 
dynamics simulations. From the model simulation carried out, 
insight was obtained that mobile analytics is the main key to 
competitive advantage in SMEs. With mobile analytics, 
companies can survive data vulnerabilities and can access real 
data for better organizational decision-making, which will 
ultimately build an agile organization, because organizations 
already understand how users interact with their business, 
identify areas for improvement, and make data-driven 
decisions to optimize and drive their business. 
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C. Supply Chain 

Being in a dynamic and competitive business environment, 
small and medium enterprises (SMEs) need to measure their 
supply chain performance to evaluate their business activities. 
While it is known that most SMEs do not have an effective 
performance measurement system because they do not identify 
their internal strengths and weaknesses but instead focus on 
external opportunities and threats. Related to this interest, [12] 
proposes a system dynamics approach to identify the main 
drivers of supply chain performance, develop strategies for 
performance improvement, and measure the impact of 
strategies on overall supply chain performance; by using case 
studies on companies engaged in agro-based industries in 
Malaysia. By using a system dynamics approach to model how 
information, actions, and consequences interact to produce a 
dynamic behavior strategy, it is known that lead time, product 
quality, and availability are the three main sequences of a 
company's strategy in winning customers. Purchasing domestic 
raw materials and production quality will help reduce lead time 
by providing products at any time to meet customer demand. It 
is the main focus of a responsive supply chain because it will 
improve company performance. Therefore companies need to 
have good collaboration with their supply partners so that they 
can integrate well to improve on-time delivery. The use of IT 
in planning delivery activities from suppliers and deliveries to 
customers is also important in a responsive supply chain. IT 
will act as a driving force for collaboration, process integration, 
and delivery speed. To achieve this goal, it is necessary to 
build a good information technology structure to support 
corporate responsiveness so that it can identify changes in the 
needs and desires of customers and other parties. 

The development of other supply chain performance 
measurement models was also carried out using the case of the 
passion fruit agroindustry in North Sumatra Province, 
Indonesia. Study [13] identifies the factors that influence the 
performance of the passion fruit agroindustry supply chain for 
the sustainability of MSMEs and designed a supply chain 
performance measurement model using a system dynamics 
approach. Behavior on supply chain performance in building 
the sustainability of passion fruit agroindustry MSMEs is 
expressed as an increase in farmer production and income; and 
manufacture of essences and syrups. The key variables of the 
model are proven to affect the performance of the passion fruit 
agro-industry supply chain used to design sustainable MSME 
supply chain development scenarios, namely farmer skill and 
availability of land. Passion fruit production rate is influenced 
by the skills of farmers. The higher the level of passion fruit 
production, the more is passion fruit collector. Increasing 
collector passion fruit will increase extract industry production. 
This condition will increase waste products that can be 
composted and sold to farmers. The higher the compost 
production, the higher the efficiency of using the compost turn 
will produce environmentally friendly products. The 
consequence is an increase in the carrying capacity of the 
environment will have an impact on the availability of passion 
fruit land. With increasing availability of passion fruit land 
then it will increase fruit production rates. In the end, this 
condition will increase the income of SMEs and build the 
sustainability of the industry. 

The agri-food supply chain is a multifaceted system that 
involves the production, processing, distribution, and 
consumption of agricultural products. To navigate these 
complexities effectively, stakeholders within the industry 
recognize the need for collaboration and cooperation. This 
prompted the formation of an agri-food supply chain alliance. 
Related to this problem, [14] developed a system dynamics 
model to investigate the stability of the cooperation of a 
“home-delivery-oriented agri-food supply chain” (HASC) 
alliance using a case study of an alliance built by an agri-food 
company in Kunming. HASC is a concept defined as an agri-
food supply chain based on an alliance structure and 
collaborative strategy, which organizes agri-food SMEs with 
various competencies in the agri-food e-commerce (AE) 
market to provide services in meeting the daily needs of 
customers through home delivery.  The results of this study 
indicate that the performance of the HASC alliance concerning 
time showed significant variation initially, but gained stability 
with the implementation of an appropriate control strategy. 
There was a decrease in the stability of the alliance in the early 
stages due to the running-in process between members and the 
process of adaptation of the alliance system to its internal 
environment. The model simulation shows that the stability of 
the HASC alliance cooperation is very sensitive to 
performance regarding strategies that control customer and 
environmental variations. Trust and market fluctuations have a 
great effect on the stability of membership and relationships. It 
is necessary to pay attention and focus on increasing mutual 
trust among members and controlling market fluctuations to 
minimize the risk of local markets. The model simulation 
results also show that for the HASC alliance, higher control 
strategy costs do not guarantee better stability. Therefore, it is 
necessary to control costs within a certain range that can help 
the HASC alliance to maintain stability and performance. 

D. Business Development 

Within the scope of MSMEs business development, a 
system dynamics perspective can be included in the enterprise 
life cycle, crisis management, resilience, and business 
continuity management. Research [15] presents an analysis of 
the factors that lead to crises in small and medium enterprises 
(SMEs) and proposes a system dynamics model to explain the 
phenomenon. The model provides knowledge by explaining 
the mechanism of how during the crisis in SMEs, system 
dynamics help to predict the impact of various possible 
managerial decisions. This study was conducted in the Czech 
Republic and the model developed for the case of 
manufacturing companies. In this study, the crisis is 
categorized into 19 aspects, namely employees; 
customers/demand; inputs and supplies; regulations–
bureaucracy–taxes; collecting bills; competition; owners; 
financial capital; capacity; natural disasters; technical 
breakdown; selling prices; quality of production; entrepreneur–
personal crisis; thefts; placement of business; processes; 
outdated product; and legal entity. These aspects were analyzed 
through three stages using descriptive statistics, cross-
tabulation, and association rules mining. The results of the 
analysis show several patterns underlying the crisis. Crisis 
classification is divided into two, namely crises in the internal 
environment and the external environment. Crises in the 
internal environment are related to employees, capacity, and 
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quality of production, while those in the external environment 
are related to input and supply, customers, and competition. By 
using a system dynamics approach, they develop a model 
explaining the relationship between the variables of the number 
of production employees and labor market; production 
capacity; production; outsourced product; stock of finished 
products; product quality and claims; inputs and supplies 
(including limitations, purchasing prices); demand (related to 
the price offered, competition and quality of previous 
investments, delivery delays, R&D and marketing); orders and 
their fulfillment; and revenues, costs, and profits. By testing 
and analyzing crisis scenarios, managers will gain knowledge 
and insight into the variables that affect aspects of a crisis, can 
predict the impact, and be able to determine actions to 
anticipate or resolve the crisis. This indirectly encourages 
sustainable development for the company and its business 
activities. 

The system dynamics approach is also used in the 
Cosmetics Small and Medium Industries to develop a 
sustainable industrial strategy model that uses a case study of a 
personal care cosmetic company in Indonesia [16]. This 
strategy model is built from the integration of the system 
dynamics method and the open innovation approach. In this 
case, system dynamics is used to explore the complexity of 
SME problems that involve factors, actors, and dynamic 
relationships that affect output performance. While the open 
innovation approach is used to provide effective strategic 
choices in increasing output performance, both in terms of 
manufacturing operations; and economic, environmental, and 
social indicators. There are three strategic scenarios 
considered, namely self-lean improvement, limited 
collaboration, and comprehensive collaboration. From the 
simulation, it is known that in the self-lean improvement 
strategy, the productivity and profitability ratio shows a 
downward trend, including a decrease in demand, as well as an 
insignificant increase in improvement to environmental 
damage and human health. While limited and comprehensive 
collaborations demonstrated improvements in general 
depreciation and costs; cost savings; increased productivity and 
profitability; and reduced environmental and human health 
impacts. Limited collaboration shows a flatter slope of 
improvement compared to comprehensive collaboration which 
gives the best results. Comprehensive stakeholder involvement 
in an open innovation community effectively supports the 
achievement of the sustainability goals of SMEs. This support 
includes technical assistance from research and academic 
institutions, engagement of suppliers and distributors in lean 
and green improvement, assistance from cosmetics 
associations, and financial support from the government. 
Without such support, it is difficult for SMEs to grow and 
achieve sustainability, because there is a portion that is difficult 
to fulfill by the company itself. This collaboration is one 
strategy suitable for dealing with complex and dynamic 
sustainability challenges, with the takeover of resource support 
by external parties. 

Studies on women concerning SMEs have also been carried 
out using a system dynamics approach. Study [17] conducted 
research to uncover the challenges faced by women of color 
(WoC)-owned SMEs in the United States. This research is 

based on the finding that the majority of SMEs belonging to 
WoC failed in the first years of its establishment. This research 
focuses on the success of entrepreneurs (number of people) not 
on business success (number of entities) because people's 
(entrepreneurs) success is defined as business sustainability or 
profitable monetization events. This study's findings from the 
developed model suggest that access to capital (financing), 
social networks, and education and training are crucial factors 
that impact the success of women of color-owned SMEs. The 
variables that play a role in this model are opportunity rate, 
necessity factor, and desired financing rate. The opportunity 
rate is the number of WoC candidates, and the necessity factor 
is the number of WoC that startups out of need rather than an 
opportunity; which of these two variables will have an impact 
on the stock of aspiring WoC entrepreneurs. Meanwhile, the 
desired financing rate is the target as a goal gap modeling 
archetype which will affect the flow rate, namely the financing 
rate variable. The emphasis on these interventions as early as 
possible is intended so that WoC SMEs can survive in the early 
years of their establishment which is ultimately the 
sustainability of their business can be maintained. 

The importance of the craft industry and its contribution to 
economic development and job creation prompted [18] to 
research the dynamics of budget allocation competition in this 
sector. This study uses the case of the craft industry in 
Indonesia and the system dynamics (SD) approach supported 
by the Balanced Scoreboard (BSC) framework and the ARCH-
type model Success to Successful (StoS) approach. At the SD 
model development stage, the BSC framework is used as the 
basic development framework and the StoS approach of the 
ARCH-type model is used as a problem-solving concept. The 
system dynamics approach is used to model the interaction of 
the variables from the craft industry system, with budget 
allocations. From the model simulation, it is known that the 
budget allocation is not too significant in increasing SME 
revenue growth, so it is necessary to innovate budget allocation 
policies so that they have a significant impact on the 
development of SMEs. In those models, the exogenous 
variables are demand, price, and carrying capacity. Demand is 
related to changes in price as a form of response and carrying 
capacity affects the supply of raw materials. Ultimately the 
three variables have an impact on the production rates. 

In another scope, [19] has studied the process of risk 
analysis and assessment using the integration of system 
dynamics techniques and Layers of Protection Analysis 
(LOPA) to improve risk management results. This research 
was conducted in the plastic molding industry in the case of 
fire risk assessment. The methodological approach integrated 
with this study is a structured risk assessment technique to 
obtain failure scenarios that may occur and assess the 
probability of an accident occurring, and system dynamics 
models are used to measure the interaction effects of various 
scenarios. From the developed SD model, it is known that the 
probability of events is associated with the risk of explosion in 
the supply system and the risk of spreading fire due to some 
engine malfunctions (engine aging effect). Scenario analysis in 
more detail considers the possibility of failure by using the 
time function. It turns out that if the period is longer, the 
possibility of damaged components becomes higher. As a 
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result, the system may fail to fulfill its security function. The 
probability value of the possibility of an explosion and its 
relationship to the possibility of spreading fire is a function of 
the values of several control variables, namely the frequency of 
maintenance and safety procedures. Through this study, it can 
be understood that the dynamics and uncertainties inherent in 
risk assessment and management in complex systems can be 
identified using a systems dynamics approach. 

In the context of digital companies, which operate in 
technology-driven and rapidly evolving environments, business 
model innovation is essential for staying competitive and 
achieving sustainable growth. For that purpose, [20] developed 
a system dynamics model to increase evolutionary and 
innovative business models using an open innovation (OI) 
approach. In this study, the major influential factors of OI are 
identified as IP-sharing and key partners. These factors are 
concrete variables that exhibit positive feedback loops in the 
context of business model innovation (BMI). Positive feedback 
loops indicate that the company experiences growth and 
expansion when implementing OI. When more parties are 
involved, the amount of capital investment needed decreases. 
The company engages in collaboration with customers and 
suppliers. Extensive cooperation with partners will help 
companies identify more technologies and opportunities. This 
will encourage the achievement of sustainable growth. The 
simulation outcomes indicate that the implementation of OI has 
a substantial impact on company performance. This is based on 
the revenue-boosting effect resulting from accelerated product 
development and expanded market access facilitated by 
partnerships and IP sharing. 

Iranian SMEs face many problems related to management. 
These problems often take root in strategic decision-making by 
managers. One such decision is related to the production 
department. Many of these companies provide production 
infrastructure at a high cost; however, they were unable to gain 
their share of the market, and eventually, they suffered losses. 
Related to these problems, [21] developed a model using the 
Schmid model as a basic model and a system dynamics 
approach aimed at evaluating existing policies to prevent 
capital loss. The developed model investigates whether 
customer networks in businesses without prior production have 
a role in increasing the return on investment (ROI). The model 
consists of 10 main elements, namely balance sheet, profit loss, 
machinery, production, customer, network, reputation, 
employee, innovation, and qualification. From the developed 
model, it proves that if the production unit is involved in 
selling the product to be produced, determines a network of 
loyal customers, and increases its production capacity, then the 
rate of return on investment under the same conditions will be 
five times higher than the original production plan. With this 
condition, the problem of return on investment (ROI) and 
capital losses can be overcome. 

In addition to facing problems on the management side, 
SMEs in Iran also experience problems of uncertainty in their 
operating environment. Understanding their behavior patterns 
can help identify factors that contribute to success or failure. 
Reference [22] conducted a study focused on the development 
and application of a qualitative system dynamics model to 
analyze the behavior patterns of SMEs in Iran. The identified 

behavior patterns are changes in the concept of technology due 
to a lack of market interest, an imbalance in the allocation of 
resources on the development of the technical and management 
side, and market development concerning the utilization of 
technology. From the simulation, it is known that the 
government needs to establish regulations that protect the 
flexibility and freedom of SME managers; provide marketing 
services and market research; and facilitate connections to the 
industry. It is also necessary to use a mentoring mechanism for 
coaching and leadership at all levels of SMEs, such as 
managing financial allocations, market planning, and 
improving the management structure and style. Facilitating 
administrative consulting provides a role to increase business 
area and workforce participation; reasonable control and can 
build a balance between the development of technological 
ideas and the capabilities of SMEs, especially in terms of 
human resources. 

E. Finance 

In the field of finance, a study was conducted to identify 
the driving factors and constraints faced in efforts of MSMEs 
upgrading. Using system dynamics modeling [23] reveals and 
shows how the dynamics of the transition of Indonesia MSMEs 
towards bankability during the COVID-19 pandemic. The 
focus of this analysis is MSMEs that initially have limited or 
no access to bank loans. From the developed model, it is 
known that several critical variables accelerate the status of 
MSME bankability from un-bankable to bankable, namely time 
to bankability (for entrepreneurial/micro enterprises), channel 
business, and the non-performing loan (NPL) of MSMEs. 
Extending the projected timeframe for entrepreneurial MSMEs 
to achieve bankability can expedite the process of transitioning 
un-bankable MSMEs into bankable ones more rapidly than the 
current circumstances. Building strong business channels or 
networks plays an important role in enabling MSMEs to 
recognize the benefits of financial services and foster closer 
relationships with stakeholders. This, in turn, accelerates the 
process of transitioning un-bankable MSMEs into bankable 
entities. Reducing the non-performing loans (NPL) of MSMEs 
can expedite the transition of un-bankable MSMEs into 
bankable entities compared to the present situation. 

Investment decision-making is a critical process that 
involves assessing various financial risks associated with 
investment opportunities. In the current dynamic and complex 
financial environment, investors must have a comprehensive 
understanding of the potential risks and their impact on 
investment outcomes. Using the investment case on solar 
thermal heating installation in Malaysian SMEs, [24] 
undertook system dynamics modeling of financial risk as a 
valuable approach. The simulation results of the model show 
that government support (guarantee) and financial funding (soft 
loan) mechanisms have a major influence on investment 
decisions that lead to increased solar thermal installation 
capacity by Malaysian SMEs. Increasing the percentage of 
government support reduces the risk of Net Present Value 
(NPV). This means that government support plays a role in 
financial risk trends, and this should help increase installed 
capacity; because indirectly, it helps increase industry 
awareness to invest in solar thermal technology. With this 
model, policymakers can tailor appropriate policies for SMEs. 
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The right policies can contribute to risk analysis for other 
categories such as construction and operations. 

F. Organizational 

In the context of SMEs, which often have limited resources 
and capabilities compared to larger organizations, building 
resilience is critical to their long-term sustainability and 
success. Resilience refers to the capacity of an organization to 
effectively respond to and recover from disruptive events or 
shocks, such as economic downturns, natural disasters, or 
market fluctuations, and to adapt and thrive in the face of 
adversity. Research [25] studies the resilience and 
sustainability of SMEs by taking the case of the tourism 
industry in Mexico, through identifying the factors that need to 
be addressed to secure and promote their business. This study 
begins with conducting social network analysis (SNA) to 
obtain the latest understanding of organizational resilience in 
the SME literature. The results of SNA were then used to 
develop a conceptual model and simulate scenarios using 
system dynamics. The model simulation shows that 
organizational resilience is related to feedforward, buffering, 
and feedback control as critical factors that demand continuous 
coordination on the mechanisms between core operations and 
management. The need to stabilize organizational cycles by 
providing a buffer against fluctuations and weakening 
variations in existing capacity. These results can help managers 
rethink corporate resilience related to restructuring relations in 
operational and strategic units, improving autonomy, and 
strengthening strategic planning as well as feedback means. 

Creating sustainable economic growth requires a 
synergistic and supportive ecosystem where companies, 
institutions, and stakeholders can collaborate, innovate and 
thrive. By clustering related industries and resources, it can 
stimulate economic development, increase competitiveness, 
and encourage innovation and entrepreneurship. In addition, 
within an industrial cluster, companies can collaborate and 
share resources, including energy-related infrastructure and 
technology. This can lead to optimizing energy systems and 
adopting energy-efficient practices. To gain insight into new 
economic dynamics related to industrial cluster growth and 
demand for energy intensity, [26] developed a model and 
simulated it using a system dynamics approach. The simulation 
results show the factors that affect growth cluster activities and 
productivity transaction cost barriers are energy intensity, 
energy efficiency, and energy conservation. Energy 
consumption patterns based on energy needs are stimulated by 
government policies through the development of cluster 
dynamics that utilize the innovations of energy intensity and 
efficiency. SMEs share a leading role in the development of 
innovative energy intensity. Which, the greater the energy 
efficiency, the smaller the calculated energy savings based on 
energy requirements. Therefore, cluster growth indirectly 
promotes technology spillover and higher GDP, and ultimately 
promotes economic growth. This will also provide macro 
benefits in the form of reduced energy demand and energy 
conservation. 

System Dynamics, as previously discussed regarding its 
application to MSME sectors, offers valuable applications in 
various sectors. In product development, it enables modeling 
and optimization of product life cycles, demand patterns, and 

decision-making for design and market entry strategies. In the 
technology and ICT domain, it helps in analyzing technology 
adoption, market dynamics, and risk management. In supply 
chain management, it facilitates an understanding of the 
complex dynamics and optimization of inventory, production, 
and distribution processes; optimizes performance and 
responsiveness. For business development, System Dynamics 
provides insight into market demand, competition, and growth 
strategies. In finance, it helps with financial forecasting, risk 
analysis, and policy evaluation. Lastly, in the organizational 
sector, it supports the modeling of decision-making, workforce 
dynamics, and organizational culture, assisting in 
organizational improvement and performance enhancement. 
Overall, System Dynamics offers versatile tools for 
understanding and optimizing the complex systems in the 
sector, enabling informed decision-making and sustainable 
growth. 

VI. CONCLUSION 

From the review and description in the discussion section, 
it can be stated that the System Dynamics approach has the 
potential to make a significant contribution to achieving 
sustainable development in Micro, Small, and Medium 
Enterprises (MSMEs). Through the System Dynamics 
approach, MSMEs can effectively model and simulate the 
behavior of various factors that affect their operations, such as 
resource allocation, environmental impact, and social 
considerations; proactively address sustainability challenges, 
adapt to changing market conditions, and contribute to broader 
socio-economic and environmental objectives. This allows for 
a comprehensive understanding of the long-term consequences 
and feedback loops associated with different decisions and 
strategies. 

The System Dynamics approach also enables MSMEs to 
identify points of influence and potential unintended 
consequences, facilitating informed decision-making toward 
sustainable development goals. By analyzing the causal 
relationships between different variables, MSMEs can develop 
effective strategies and promote a holistic perspective, keeping 
in mind the interrelationships of MSMEs in larger systems 
such as supply chains, technology adoption, local economy, 
and society. This perspective encourages collaboration, 
stakeholder engagement, and the identification of common 
goals and strategies for innovation, sustainable development, 
and resilience in the face of an evolving business landscape. 

Despite the progress made in implementing system 
dynamics in various sectors, there are still important issues that 
need further study. In product development, research can 
explore integrating customer feedback and preferences into 
models to enhance product design and innovation. Regarding 
technology and ICT, further investigation is needed to 
understand the dynamics of emerging technologies, such as 
artificial intelligence and blockchain, and their implications for 
organizations. In supply chain management, research can focus 
on the integration of new technologies in supply chain 
networks. In business development, further studies are needed 
to incorporate competitive behavior. In the field of finance, 
research can study modeling the impact of changing 
regulations and global economic factors on the financial 
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system. Finally, in the organizational sector, research can 
explore the dynamics of organizational culture, leadership, and 
change management, and their impact on organizational 
performance and adaptability. Addressing these issues will 
contribute to a deeper understanding of System Dynamics 
applications and increase their effectiveness in addressing the 
complex challenges of achieving sustainable development in 
MSMEs. 
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