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Abstract 
This study examines the challenges and opportunities in achieving defense industry independence at PT Pindad, a key 
state-owned enterprise in Indonesia. Despite policies like Law Number 16 of 2012 and the Minimum Essential Force 
(MEF) program aimed at reducing reliance on imports and enhancing self-sufficiency, PT Pindad faces significant 
hurdles, including dependency on foreign raw materials, limited technology transfer, and regulatory inefficiencies. The 
study suggests that strategic measures, such as increased investment in R&D, effective technology transfer, and stronger 
collaboration between government, private sectors, and academia, are essential for overcoming these challenges and 
strengthening Indonesia's defense industry. By analyzing successful examples from countries like China and Turkey, 
the study emphasizes the importance of integrated and adaptive policies to foster technological innovation, enhance 
local supply chains, and improve competitiveness. Adopting a collaborative approach under the Penta-Helix model, 
which brings together government, businesses, academia, communities, and media, is recommended to accelerate the 
development of a self-sufficient and resilient defense sector in Indonesia. 
Keywords: Defense Industry; Independence; Collaboration; Innovation 
 
1. INTRODUCTION 
The need to strengthen Indonesia's defense sector is increasingly urgent (Yusgiantoro, 2014) . This is 
because along with the increasing security challenges, both in the form of conventional military threats 
and non-military threats such as cyber warfare and terrorism, and since the last five years global 
geopolitical tensions have increased, such as the Russia-Ukraine war (Aviv & Ferri, 2023) and the most 
recent is Israel-Iran (Shvartsur & Savitsky, 2024) . To strengthen the defense sector in Indonesia, the 
challenge lies in strengthening and the independence of the defense industry, which includes state-owned 
companies such as PT Pindad, PT PAL, and PT Dirgantara Indonesia. The ability of this defense industry 
to maintain autonomy and efficiency is very important in maintaining national sovereignty and stability. 
Although the Indonesian defense industry has developed gradually since the post-independence era, and 
focused on increasing capacity to meet the needs of defense and security equipment (alpalhankam) 
independently, there are still many obstacles they face, for example, financing challenges (Surahman et 
al., 2024) , dependence on imports and collaboration challenges (Julexi Tambayong & Achmad Farid 
Wadjdi, 2023; Wadjdi et al., 2023) , R&D and Technological Innovation (Irfan et al., 2023) , regulatory 
and structural issues (Baiquni et al., 2022) . In essence, Indonesia is still constrained by classic problems 
such as inefficiency and the need for production competition, budget stability, and system standardization 
(Leebaert & Gansler, 1981). 
The independence of the defense industry is a strategic priority for the Indonesian government to reduce 
dependence on imports, especially in the provision of defense equipment. Dependence on foreign 
suppliers for decades has created vulnerabilities, especially when there is an arms embargo as experienced 
by Indonesia in the late 1990s. This has prompted the government to strengthen the domestic defense 
industry to ensure the continuity of defense equipment supplies in the future (Priamarizki, 2024) . 
In an effort to realize this independence, the government issued Law Number 16 of 2012 concerning the 
Defense Industry, which regulates the development, management, and utilization of the domestic defense 
industry. This law emphasizes the importance of independent production of defense equipment by State-
Owned Enterprises (BUMN) and private companies located in Indonesia, as well as supporting 
technology transfer to increase national capacity. In addition, this regulation encourages the national 
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defense industry to become more competitive at the global level through synergy between the government, 
academics, and the private sector. 
The government has also established a Minimum Essential Force (MEF) policy, which is designed to 
ensure that Indonesia has the minimum defense force needed to maintain its sovereignty and territorial 
integrity (Armadani & Kosandi, 2024) . Within this framework, the domestic defense industry is expected 
to be able to meet most of the defense equipment needs, both in terms of quantity and quality (Hasim, 
2022) . The main challenge in achieving MEF is increasing the ability of the defense industry to produce 
high-quality products that are competitive in the global market, while ensuring effective technology 
transfer from partner countries (Ariputro et al., 2024) . The MEF policy reflects Indonesia's commitment 
to building a strong, innovative, and independent defense industry, in line with the development of 
military technology and the ever-changing dynamics of global geopolitics. 
PT Pindad faces several major problems in achieving defense industry independence, especially related to 
dependence on imported raw materials (Octovianus Oskar Engelberth et al., 2023) , technology transfer 
(Kasim & Deksino, 2022) , and challenges in policy implementation (Habsari, 2022) . Dependence on 
raw materials from abroad makes PT Pindad vulnerable to global supply disruptions, such as embargoes, 
which can hamper the production of defense equipment. In addition, the less than optimal technology 
transfer process is a significant obstacle, where PT Pindad has difficulty increasing defense technology 
innovation due to limited strategic partnerships with developed countries and slow adoption of advanced 
technology. Another challenge is the ineffective implementation of policies, even though the government 
has enacted Law Number 16 of 2012 concerning the Defense Industry. Lack of coordination between 
stakeholders, limited funding, and a shortage of competent human resources exacerbate this problem, so 
that PT Pindad has not been fully able to achieve the expected independence in the defense sector. 
The purpose of this article is to analyze the challenges faced by PT Pindad in achieving independence in 
the defense industry sector, while identifying opportunities that can be utilized to overcome these 
obstacles. One of the main challenges is the dependence on imported raw materials and limited 
technology transfer, which hinder innovation and independent production of defense equipment. In 
addition, although policies such as Law Number 16 of 2012 have been implemented to support the 
independence of the defense industry, their implementation is still not optimal, especially in terms of 
coordination between the government and industry and human resource development. This article also 
seeks to highlight the gap in the literature, where existing research has not thoroughly explored how 
defense policies can be optimized to support PT Pindad in facing the challenges of technological 
globalization and increasing competitiveness. Thus, this article will explore opportunities such as 
strengthening international collaboration, increasing technological innovation, and optimizing policies 
that can help PT Pindad overcome these obstacles, while filling the gap in research related to the 
effectiveness of defense industry policies in Indonesia. 
 
2. LITERATURE REVIEW  
Developing countries face significant challenges in strengthening their defense industries due to limited 
technological and financial capacity, often relying on developed countries for military needs. This 
dependence contrasts with the strategies used by developed countries, which focus on technology transfer, 
human resource development, and increased R&D investment. The United States has built an 
innovation ecosystem that integrates civilian technologies into defense, emphasizing technological 
advancement as a priority through initiatives such as the Third Offset Strategy (Je, 2024) . In contrast, 
developing countries often struggle with technology transfer due to limited access to advanced 
technologies and inadequate domestic innovation policies (Fernández-Sastre & Montalvo-Quizhpi, 2019) 
. This disparity highlights the need for developing countries to adopt strategic measures to enhance their 
defense capabilities. 
In Indonesia, the policy of Law Number 16 of 2012 concerning the Defense Industry is the main 
foundation in efforts to achieve defense independence. This law encourages the development of the 
national defense industry through technology enhancement and technology transfer from partner 
countries. One important supporting policy is the Minimum Essential Force (MEF), which aims to build 
a minimum essential force to maintain national sovereignty. Effective implementation of the MEF 
requires strong coordination among various stakeholders, including government agencies, the defense 
industry, and policy actors. However, differences in understanding and political will among these actors 
have been identified as significant obstacles. The lack of an integrated approach and commitment to 
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transparency and accountability hampers the modernization of defense equipment (Armadani & 
Kosandi, 2024) . The success of domestic production under the MEF framework depends heavily on 
optimal investment in R&D and technology transfer. The current state of investment is inadequate, 
which limits the development of advanced technologies needed for modern defense systems. Strategic 
planning and state support are essential to foster an environment conducive to innovation and 
technological advancement (Evlampiev, 2024) . 
In essence, achieving defense industry independence is a complex challenge faced by many countries, 
involving issues such as dependence on imported raw materials, technology transfer, and limitations in 
research and development (R&D). Many countries, including Indonesia, face significant challenges in 
reducing their dependence on imported raw materials for defense manufacturing (Ramadhoni et al., 
2024) . The European defense industry also grapples with similar issues, where strategic autonomy is often 
compromised by the need to import critical materials. This dependence can hinder the development of 
an independent defense industry and affect national security. This raw material issue underscores the 
importance of local supply chains (Farkas, 2023) . These challenges are compounded by geopolitical 
dynamics and economic constraints, which require strategic collaboration and innovation (Ariputro et 
al., 2024).  
The defense industry presents several growth opportunities, driven by factors such as international 
collaboration, increasing defense budgets, and technological innovation. These opportunities are shaped 
by the complex interplay of economic, strategic, and technological dynamics within the industry. For 
example, international collaboration in the defense sector can lead to significant growth opportunities by 
pooling resources and expertise (Caliari et al., 2024) . Even local collaboration, for example with the 
‘Defense Science and Technology Park (DSTP)’ policy, the defense industry will benefit from broad 
domestic-level partnerships that can enhance technological capabilities and improve supply chains 
(Wadjdi et al., 2023).  
 
2.1 Conceptualization of Defense Industry Independence Policy 
In this study, various theories are used to underlie the exploration of factors related to the effectiveness 
and efficiency of policies at PT Pindad. Policy Evaluation Theory (Patton, 2008; Wang et al., 2020) 
provides a framework for assessing the effectiveness of implemented defense industry policies, especially 
in relation to achieving desired goals. Meanwhile, Efficiency Management Theory (Drucker, 2006; 
Maslennikov et al., 2023) explains the importance of optimizing resources in the development of defense 
equipment, ensuring that the steps taken by PT Pindad run efficiently. These two theories help measure 
how existing policies can achieve the expected results by minimizing resource waste, which is very 
important in the context of the defense industry. 
In relation to performance evaluation and policy support for technical objectives, Performance Evaluation 
Theory (Kaplan & Norton, 1996; Pestana Barros, 2004) and Public Policy Theory (Dye, 2013; James, 
2022) provide a strong theoretical foundation. Performance Evaluation Theory allows for the assessment 
of policy success through measurable performance analysis, while Public Policy Theory helps explain how 
defense policies can be designed and implemented to support PT Pindad's technical objectives. Both 
theories emphasize the importance of continuous evaluation in ensuring that implemented policies are 
aligned with the organization's strategic and operational objectives. 
In the context of technology and innovation, the Technology Theory in Organizations (Jakobs, 2019; 
Rogers, 2003) and the Technology Transfer Theory (Bozeman, 2000) provide insights into the spread of 
technology within organizations and the transfer of advanced technologies that are critical to the defense 
industry. The Technology Theory in Organizations helps explain how technological advances can be 
distributed evenly across all divisions of PT Pindad, while the Technology Transfer Theory focuses on 
how PT Pindad can acquire and adopt technology from abroad, which is essential in efforts to increase 
domestic technological independence. Both theories are very relevant to understanding how innovation 
can be acquired and optimally utilized by PT Pindad. 
In addition, Decision-Making Theory (Hukkinen et al., 2022; Simon, 1997) and Adaptive Policy Theory 
(Li et al., 2023) discuss how policies are made and adapted according to operational changes. Decision-
Making Theory explains the factors that influence defense industry policies, especially in the context of 
strategic decision-making at PT Pindad. On the other hand, Adaptive Policy Theory provides guidance 
on how policies can be designed to remain relevant and responsive to technological changes and 
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operational dynamics, which is important to maintain PT Pindad's flexibility in responding to rapid 
changes in the defense sector. 
Finally, Institutional Support Theory (Mowery, 2012; North, 1990) , Industrial Independence Theory 
(Ahumada, 2023; Lall, 1992), and Policy Collaboration Theory (Siddiki et al., 2022) emphasize the 
importance of collaboration and support from related institutions in addressing the obstacles faced by PT 
Pindad. Institutional Support Theory helps understand how institutions such as the Indonesian Army 
Research and Development Agency can support PT Pindad in overcoming challenges. Industrial 
Independence Theory examines strategies to achieve industrial independence, while Policy Collaboration 
Theory highlights the importance of cooperation between stakeholders in addressing policy and 
operational obstacles. In addition, the Theory of Technological Innovation (Wei et al., 2023) and the 
Theory of Product Development (Gurbuz, 2018) guide PT Pindad in facing the challenges of developing 
new products and increasing technological capacity through innovation, which is also enriched with the 
Theory of Inter-Institutional Collaboration (Sochneva et al., 2021) which supports the importance of 
partnerships in the development of defense equipment. 
By combining these theories, the study can provide comprehensive insights into the challenges and 
opportunities faced by PT Pindad in achieving defense industry independence. This theoretical structure 
not only provides an analytical framework for assessing existing policies, but also offers practical guidance 
for overcoming obstacles and exploiting emerging opportunities in the defense sector. 
 
3. METHOD 
This study uses qualitative methods to explore the challenges and opportunities faced by PT Pindad in 
achieving defense industry independence. Data were collected through in-depth interviews with key 
stakeholders, including PT Pindad management, engineers, and government officials related to defense 
policies. These interviews aimed to explore their views on technology transfer, dependence on imported 
raw materials, and the implementation of defense policies. In addition, an analysis of policy documents 
such as Law Number 16 of 2012 and the Minimum Essential Force (MEF) policy, as well as PT Pindad's 
annual reports was conducted to understand the policy context that supports industrial independence. 
Data Analysis Techniques were conducted using NVivo software (QSR International, 2016) to manage, 
code, and analyze the collected data. Data were analyzed thematically to identify key patterns related to 
policies, technology transfer challenges, and opportunities for increasing industrial independence. This 
method allows researchers to explore the relationships between identified variables, providing in-depth 
insights into strategies that PT Pindad can optimize in achieving defense industry independence. 
Here is a table for a list of interview questions, which includes the factors to be explored, theories, and 
references: 
Table 1Interview Question Design 
Question Factors to be Explored Theoretical Basis Reference 

1) How does the Indonesian Army 
Research and Development Agency 
assess the effectiveness of policies 
implemented at PT Pindad? 

Policy effectiveness 
Policy Evaluation 
Theory 

(Patton, 2008) , 
(Wang et al., 
2020) 

2) What steps has the Indonesian Army 
Research and Development Agency 
taken to ensure efficiency in the 
development of defense equipment at 
PT Pindad? 

Efficiency of defense 
equipment development 

Efficiency 
Management 
Theory 

(Drucker, 2006) 
, (Maslennikov 
et al., 2023) 

3) How does the Indonesian Army 
Research and Development Agency play 
a role in evaluating PT Pindad's 
performance during the 2018-2023 
period? 

Policy performance 
evaluation 

Performance 
Evaluation Theory 

(Kaplan & 
Norton, 1996) , 
(Pestana Barros, 
2004) 

4) Is the defense industry policy 
sufficient to support PT Pindad's 
technical objectives? 

Policy support for 
technical objectives 

Public Policy 
Theory 

(Dye, 2013) , 
(James, 2022) 
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Question Factors to be Explored Theoretical Basis Reference 

5) How does the policy ensure equal 
distribution of technological progress 
across all divisions of PT Pindad? 

Equal distribution of 
technological progress 

Technology Theory 
in Organizations 

(Rogers, 2003) , 
(Jakobs, 2019) 

6) How responsive is this policy in 
addressing the need to supply advanced 
technology to PT Pindad? 

The need for advanced 
technology 

Technology 
Transfer Theory 

(Bozeman, 
2000) 

7) Is the defense industry policy 
appropriate and up-to-date in 
responding to operational changes at PT 
Pindad? 

Policy relevance 
Adaptive Policy 
Theory 

(Li et al., 2023) 

8) What factors do you think are most 
influential on policy decisions in the 
defense industry, especially at PT 
Pindad? 

Policy decision making 
factors 

Decision Making 
Theory 

(Simon, 1997) , 
(Hukkinen et 
al., 2022) 

9) How does the Indonesian Army 
Research and Development Agency 
support PT Pindad in overcoming the 
challenges faced? 

Dislitbang's support for 
PT Pindad's challenges 

Institutional 
Support Theory 

(North, 1990) , 
(Mowery, 2012) 

10) What are the obstacles faced by PT 
Pindad in increasing the independence 
of defense equipment? 

Obstacles to defense 
equipment 
independence 

Industrial 
Independence 
Theory 

(Wilkinson, 
1998) , 
(Ahumada, 
2023) 

11) What efforts have been made by the 
Indonesian Army Research and 
Development Agency to assist PT 
Pindad in facing these obstacles? 

Efforts to overcome 
obstacles 

Policy 
Collaboration 
Theory 

(Siddiki et al., 
2022) 

12) How does the Indonesian Army 
Research and Development Agency 
contribute to improving technological 
capabilities at PT Pindad? 

Enhancement of 
technological capabilities 

Theory of 
Technological 
Innovation 

(Wei et al., 
2023) 

13) What are the main challenges in new 
product development faced by PT 
Pindad? 

New product 
development challenges 

Product 
Development 
Theory 

(Gurbuz, 2018) 

14) To what extent is the cooperation 
between the Indonesian Army Research 
and Development Agency and PT 
Pindad in developing defense 
equipment? 

Cooperation between 
Dislitbang and PT 
Pindad 

Inter-Institutional 
Collaboration 
Theory 

(Sochneva et al., 
2021) 

 
4. RESULT AND DISCUSSION  
4.1 Interview findings 
This study found a number of major obstacles faced by PT Pindad in achieving defense industry 
independence. One of the biggest challenges is dependence on imported raw materials, which is a crucial 
factor because the Indonesian defense industry, including PT Pindad, is still very dependent on raw 
materials and components from abroad. This finding strengthens the findings of Ramadhoni et al. (2024) 
who emphasized that dependence on imported raw materials is high risk, vulnerable to changes in 
international trade policies or embargoes, disrupting supply chains and hampering production. This 
finding also underlines the suggestion of Zemlyanskii & Chuzhenkova (2023) that import substitution 
policies, such as those implemented in Russia, are to localize production and reduce dependence on 
imports. However, without technological innovation efforts, this policy can lead to technological 
stagnation and can be an obstacle in the long term. 
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The next finding is limited technology transfer. Although there are technology transfer policies from 
weapons supplier countries or international cooperation partners, the technology transfer process is often 
slow and not optimal. PT Pindad faces difficulties in adopting advanced technology comprehensively due 
to limitations in technology transfer agreements, thus hampering innovation and the company's ability 
to produce high-tech military products independently. In line with this finding, Simms & Frishammar 
(2024) revealed that the complexity of integrating new technology into existing systems complicates 
partnerships, delaying or distorting the implementation of innovative solutions. Asymmetric alliances 
between PT Pindad and its partners often face challenges due to differences in learning approaches, 
knowledge bases, and collaboration routines. These differences create cognitive distance, leading to 
asymmetry in technological distance and mismatch in innovation capabilities, which in turn hinder 
technology transfer. 
Another important finding is the lack of competent human resources (HR), especially in cutting-edge 
technology. PT Pindad still lacks experts who have specific technical expertise to develop, assemble, and 
maintain high-tech defense products. This limitation is exacerbated by the lack of investment in training 
and continuing education that can increase HR capacity. These three obstacles—dependence on imported 
raw materials, limited technology transfer, and HR shortages—make it difficult for PT Pindad to achieve 
full independence in the defense industry. In line with these findings, several strategies have been offered, 
such as: massive collaboration (Wadjdi et al., 2023) , utilization of circular economy principles (Reis et 
al., 2022) , encouraging innovation such as the use of machine learning (Ghamisi et al., 2021) , AI 
convergence and experimental automation (Xie et al., 2023) including Blockchain and IoT Integration 
(Alqahtani et al., 2024) , research joint ventures and R&D cartels (Lambertini, 2023) ,  and forming 
strategic partnerships in proactive resource procurement (Mohamed Anwar et al., 2023) . 
Global and local policies have a significant impact on PT Pindad's ability to develop defense industry 
independence. At the global level, arms embargoes or restrictions on the export of military technology 
from developed countries are one of the main obstacles. Such embargoes, which Indonesia experienced 
in the late 1990s, can disrupt PT Pindad's access to critical components and advanced military technology. 
When an embargo occurs, PT Pindad is forced to find alternative suppliers or develop its own technology, 
which often takes a long time and is expensive, and does not always produce products of equivalent 
quality. This dependence on developed countries for vital technology and raw materials makes PT Pindad 
vulnerable to international geopolitical dynamics. 
On the other hand, local policies related to limited government support also pose their own challenges. 
Although the Indonesian government has issued policies to encourage the independence of the defense 
industry, such as Law Number 16 of 2012 concerning the Defense Industry and the Minimum Essential 
Force (MEF) program, the support provided is still not optimal. One of the limitations is the lack of 
adequate budget allocation for research and development (R&D) and investment in increasing 
production capacity. This limited funding prevents PT Pindad from aggressively developing new 
technologies and producing defense equipment on a large scale. In addition, regulations related to 
technology transfer are still not strong enough to ensure effective knowledge transfer from international 
partners, thus slowing down the innovation process. 
The combination of global policy influences and limited local support has made it difficult for PT Pindad 
to achieve full independence in the defense sector. Therefore, to increase competitiveness and 
independence, PT Pindad needs more supportive local policies, such as increased R&D investment and 
better technology transfer regulations, as well as strategies that reduce dependence on international 
suppliers. 
PT Pindad has several opportunities to improve its performance and achieve greater independence in the 
defense industry. One of the main opportunities is through strengthening collaboration between the 
government, private sector, and academics using the Penta Helix model. This model involves synergy 
between five important elements: government, business sector, academics, community, and media. With 
the Penta Helix model, PT Pindad can utilize various expertise and resources from each element to 
accelerate innovation and technology development. Collaboration with universities and research centers, 
for example, can help improve research capabilities, while partnerships with the private sector can open 
access to investment and advanced technology. 
In addition, another significant opportunity lies in increasing investment in research and development 
(R&D). R&D is the backbone of innovation in the defense industry, allowing PT Pindad to develop new 
military technologies that can compete globally. Greater investment in R&D will not only improve the 
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quality and production capacity of PT Pindad, but also reduce dependence on technology imports from 
other countries. Through strong R&D, PT Pindad can increase production efficiency, accelerate 
technology transfer, and introduce innovative defense equipment products that are in line with national 
defense needs. 
Furthermore, optimizing technology transfer is also a great opportunity for PT Pindad. By strengthening 
regulations and policies that support technology transfer, PT Pindad can obtain and utilize advanced 
technology from international partners to improve its production capabilities. The offset program in the 
procurement of defense equipment from abroad, for example, can be maximized to ensure more 
significant and in-depth technology transfer. This effort will enable PT Pindad to develop the internal 
capacity needed to produce products with advanced technology independently. 
4.2 Exploration of Defense Industry Independence Factors 
Based on findings from the PT Pindad case, there are several main factors that influence the 
independence of the defense industry, namely: 
• Dependence on Imported Raw Materials: One of the biggest obstacles faced by PT Pindad is its high 
dependence on imported raw materials and high-tech components from abroad. This makes the 
Indonesian defense industry vulnerable to global market fluctuations and embargoes that can disrupt the 
supply chain, thus hampering the independence of defense equipment production. 
• Limitations of Technology Transfer: Despite initiatives to transfer technology from arms supplier 
countries, effective technology transfer remains a major challenge. PT Pindad has not been able to fully 
utilize its technology transfer program due to limited agreements and a lack of focus on the full application 
of acquired technology domestically. 
• Lack of Investment in R&D: Investment in research and development (R&D) in the defense sector is 
still very limited. PT Pindad faces difficulties in innovating new technologies needed to independently 
produce high-tech defense equipment. The lack of R&D budget from the government and minimal 
collaboration with research institutions and academics hamper the pace of innovation in the company. 
• Human Resources (HR) Limitations: The independence of the defense industry is also affected by the 
shortage of experts who have the skills to develop, produce, and maintain high-tech defense equipment. 
PT Pindad still faces limitations in training and developing HR that focuses on military technology. 
• Less than Optimal Policy Support: Although the government has issued policies such as Law Number 
16 of 2012 concerning the Defense Industry, the implementation of this policy is still not fully optimal. 
Government support in the form of budget allocation, stricter technology transfer regulations, and 
incentives for domestic industry development is still limited. 
• Lack of Strategic Collaboration: Collaboration between PT Pindad and the private sector, academics, 
and research institutions is still not strong. In fact, this synergy is needed to accelerate innovation and 
improve local technological capabilities. Collaboration within the Penta Helix framework (government, 
industry, academics, community, and media) can strengthen the defense industry innovation ecosystem. 
• Global Market Pressure: Global competition in the defense industry sector also affects PT Pindad's 
ability to compete in the international market. These challenges include rapid technological innovation 
from developed countries, which requires PT Pindad to continue to improve their defense equipment 
products and technology to remain competitive. 
In general, these factors pose significant challenges for PT Pindad in achieving defense industry 
independence. Efforts to overcome dependence on imports, increase technology transfer, strengthen 
R&D, and develop human resources and strategic collaboration are top priorities for increasing the 
independence of Indonesia's defense industry, 
4.3 Defense Industry Independence Opportunities 
In an effort to achieve defense industry independence, PT Pindad can learn from the experiences of 
countries such as China and Turkey, which have succeeded in developing their defense industries to be 
independent and competitive at the global level (Bouri et al., 2024; Vernigora, 2023). 
China, through its technology indigenization strategy and heavy investment in research and development 
(R&D), has successfully reduced its dependence on foreign military technology imports. China has 
prioritized aggressive technology transfer from international partners and utilized protectionist policies 
to encourage the development of its domestic defense industry (Herlevi & Rodgers, 2023). In addition, 
the Chinese government has provided strong financial and policy support to ensure that its defense 
industry has access to the capital and technology needed for innovation. A key lesson learned from China 
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is the importance of consistent government support through investment in R&D and regulations that 
prioritize technology transfer and the development of quality human resources (Ma et al., 2023). 
Turkey, on the other hand, offers another relevant example through its approach that is more based on 
international collaboration and strengthening the private sector in the defense industry. Turkey utilizes 
offset programs in military procurement to obtain technology transfer from arms supplier countries. In 
addition, Turkey encourages the growth of private defense industries, such as Turkish Aerospace 
Industries and ASELSAN, supported by government policies that strengthen cooperation between the 
government, the private sector, and academia (Vernigora, 2023). Turkey also focuses on diversifying 
defense products, which allows it to export defense equipment products to many countries (Kurç, 2024). 
From Turkey's experience, PT Pindad can learn about the importance of cross-sector cooperation 
(government, private sector, academia) and the use of offset programs to gain maximum benefits from 
foreign military procurement. 
Both countries demonstrate that sustained investment in R&D, strategic technology transfer, and close 
collaboration between sectors are key to achieving defense industry independence. PT Pindad can 
implement similar strategies by strengthening synergies between the government, academia, and the 
private sector, and optimizing technology transfer programs to accelerate innovation and increase 
domestic production capacity. 
For PT Pindad, utilizing the latest technologies such as artificial intelligence (AI), automation, and 
additive manufacturing (3D printing) can increase efficiency in the production process, accelerate the 
development of new products, and expand innovation capacity. This technology not only increases the 
production capacity of defense equipment in terms of quantity, but also quality, especially in terms of 
precision, speed, and the ability to produce products tailored to Indonesia's defense needs. 
In addition, innovations in digital technology and network-based defense systems can also help PT Pindad 
create a more integrated and responsive weapon system to the operational needs of modern military. Such 
innovations allow interconnection between various defense systems, which increases operational 
effectiveness in the field. 
PT Pindad can take advantage of technological innovation opportunities through increased investment 
in research and development (R&D) and strategic collaboration with universities, research institutions, 
and global technology companies. International cooperation in offset programs and technology transfer 
is also an important strategy for PT Pindad to accelerate the acquisition of advanced technology and 
develop domestic technical capabilities. Thus, innovation and mastery of the right technology can help 
PT Pindad achieve stronger and more sustainable defense industry independence, as well as increase 
competitiveness in the international market. 
4.4 Recommendation 
Based on the research findings, there are several policy recommendations that can be proposed to increase 
the independence of the Indonesian defense industry, especially for the government and PT Pindad. 
Increased Investment in Technology and R&D: The government needs to increase budget allocation for 
research and development (R&D) in the defense sector. Investment in advanced technologies such as 
artificial intelligence (AI), additive manufacturing (3D printing), and automation systems can accelerate 
innovation and improve the efficiency of defense equipment production. The government can encourage 
PT Pindad to expand its R&D initiatives through fiscal incentives or direct support, for example through 
joint research funds or technology grant programs. 
Human Resource Development (HRD): One of the biggest obstacles for PT Pindad in achieving 
independence is the lack of skilled workers with expertise in cutting-edge military technology. To 
overcome this, there needs to be a policy that focuses on HRD development, including training and 
certification programs in the field of defense technology. Collaboration between PT Pindad, universities, 
and training institutions can improve the skills of the workforce in technological innovation and 
production management. In addition, the government can support sending workers to learn from 
international defense companies as part of technology transfer. 
Strengthening Technology Transfer Policy: The government must strengthen regulations related to 
technology transfer in every military procurement agreement with partner countries. A more assertive and 
targeted policy must ensure that every procurement of weapons or military equipment from abroad must 
be accompanied by a clear technology transfer commitment. The government can introduce a more 
effective offset program, where every purchase of foreign defense equipment includes a technology 
transfer element that can be directly applied at PT Pindad. 
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Development of Innovation Ecosystem Through Penta Helix Model: To accelerate innovation, it is 
important to build a collaborative ecosystem between the government, private sector, academics, 
communities, and media through the Penta Helix model. The government can facilitate collaboration 
between PT Pindad and universities and research centers to develop new technologies that are in line 
with national defense needs. In addition, the involvement of the private sector can open up opportunities 
for PT Pindad to obtain funding and the latest technology. 
Reducing Dependence on Imported Raw Materials: To strengthen the independence of the defense 
industry, PT Pindad and the government need to invest in the development of local raw materials that 
can replace imported components. The government can provide incentives to domestic industries to 
develop and produce raw materials and components needed by PT Pindad. This will reduce vulnerability 
to global market fluctuations and dependence on international suppliers. 
 
5. CONCLUSION 
This study reveals several key challenges faced by PT Pindad in achieving independence in the defense 
industry. These challenges include dependence on imported raw materials, which makes the company 
vulnerable to global fluctuations, as well as limitations in technology transfer that have not been running 
optimally. In addition, the lack of investment in R&D and the limited competent human resources also 
hamper the pace of innovation and development of advanced military products. On the other hand, this 
study also identifies a number of opportunities that can be utilized by PT Pindad, including increasing 
collaboration between the government, private sector, and academics through the Penta Helix model, as 
well as strengthening technology transfer regulations and increasing investment in R&D. 
5.1 Implications for Policy and Practice 
This research provides important implications for policymakers and defense industry players in Indonesia. 
The government needs to strengthen technology transfer policies and ensure stricter implementation in 
foreign defense equipment procurement agreements. Policy support in the form of increased investment 
in research and development is urgently needed to encourage innovation and improve PT Pindad's 
competitiveness in the international market. In addition, policies must focus on human resource 
development by providing access to special training to improve the technical competence of workers in 
the defense sector. For industry players, including PT Pindad, increasing cross-sector cooperation and 
utilizing digital technology will be important steps to accelerate innovation and independence. 
5.2 Future Research Directions 
Further research is needed in several strategic areas to support the independence of the defense industry 
in Indonesia. One important area is defense technology innovation, especially research on the adoption 
of digital technologies such as artificial intelligence (AI) and automation in defense equipment 
production. In addition, more in-depth research is needed on strategies to increase PT Pindad's 
international competitiveness, including analysis of the global market for defense equipment exports and 
the development of military products that are in accordance with international needs. Research on more 
effective technology transfer mechanisms is also a priority to ensure that Indonesia can better utilize 
international partnerships. 
 
REFERENCES  
1. Ahumada, J. M. (2023). Bringing freedom back to developmentalism: Industrialisation as national independence. Cambridge 
Journal of Economics, 47(6), 1037–1056. https://doi.org/10.1093/cje/bead030 
2. Alqahtani, A., Alsubai, S., Alanazi, A., & Bhatia, M. (2024). Blockchain-Based Smart Monitoring Framework for Defense 
Industry. IEEE Access, 12, 91316–91330. https://doi.org/10.1109/ACCESS.2024.3421573 
3. Ariputro, A. B., Syahtaria, M. I., Trismadi, T., Suwarno, P., Widodo, P., & Purwanto, D. A. (2024). Collaboration and 
Technology Transfer in the Defense Industry as Drivers of Innovation and Global Security Enhancement. Physical Sciences, Life 
Science and Engineering, 1(3), 12. https://doi.org/10.47134/pslse.v1i3.247 
4. Armadani, G. S., & Kosandi, M. (2024). Implementation of the Modernization Policy of the Main Equipment of the National 
Maritime Defense Weapon System: Study on Minimum Essential Force Phase II 2015-2019. International Journal of Social 
Service and Research, 4(01), 127–143. https://doi.org/10.46799/ijssr.v4i01.665 
5. Aviv, I., & Ferri, U. (2023). Russian-Ukraine armed conflict: Lessons learned on the digital ecosystem. International Journal 
of Critical Infrastructure Protection, 43, 100637. https://doi.org/10.1016/j.ijcip.2023.100637 
6. Baiquni, M. I., Rafikawati, Y. F., Indah, W. S., Arifin, R., & Nte, N. D. (2022). Legal Aspect on Indonesia Military-Industrial 
Complex to Strengthening Defence Industry Research and Clasterization in Building Independent Defence Industry in 
Indonesia. Indonesian Journal of Advocacy and Legal Services, 4(2), 315–328. https://doi.org/10.15294/ijals.v4i2.61289 
7. Bouri, E., Quinn, B., Sheenan, L., & Tang, Y. (2024). Investigating extreme linkage topology in the aerospace and defence 
industry. International Review of Financial Analysis, 93, 103166. https://doi.org/10.1016/j.irfa.2024.103166 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 6, 2025 
https://theaspd.com/index.php 
 

960 

8. Bozeman, B. (2000). Technology transfer and public policy: A review of research and theory. Research Policy, 29(4–5), 627–
655. https://doi.org/10.1016/S0048-7333(99)00093-1 
9. Caliari, T., Felipe Giesteira, L., Orsolin Teixeira, F., & Braga Da Silva Cardoso, C. (2024). Defense Industrial Base and 
Network Structure: Measurement, Analysis and Public Policies for the Brazilian Case. Defence and Peace Economics, 1–22. 
https://doi.org/10.1080/10242694.2024.2303694 
10. Drucker, P. F. (2006). Innovation and Entrepreneurship. HarperCollins Publishers. 
11. Dye, T. R. (2013). Understanding public policy (14th ed). Pearson. 
12. Evlampiev, A. A. (2024). Innovation and management aspects of the implementation of the import substitution policy. 
Vestnik of Samara University. Economics and Management, 14(4), 114–119. https://doi.org/10.18287/2542-0461-2023-14-4-
114-119 
13. Farkas, T. (2023). The Challenges for the European Defense Industry. 2023 IEEE 21st Jubilee International Symposium on 
Intelligent Systems and Informatics (SISY), 000457–000462. https://doi.org/10.1109/SISY60376.2023.10417901 
14. Fernández-Sastre, J., & Montalvo-Quizhpi, F. (2019). The effect of developing countries’ innovation policies on firms’ 
decisions to invest in R&D. Technological Forecasting and Social Change, 143, 214–223. 
https://doi.org/10.1016/j.techfore.2019.02.006 
15. Ghamisi, P., Shahi, K. R., Duan, P., Rasti, B., Lorenz, S., Booysen, R., Thiele, S., Contreras, I. C., Kirsch, M., & Gloaguen, 
R. (2021). The Potential of Machine Learning for a More Responsible Sourcing of Critical Raw Materials. IEEE Journal of 
Selected Topics in Applied Earth Observations and Remote Sensing, 14, 8971–8988. 
https://doi.org/10.1109/JSTARS.2021.3108049 
16. Gurbuz, E. (2018). Theory of New Product Development and Its Applications. In S. Oflazo?lu (Ed.), Marketing. InTech. 
https://doi.org/10.5772/intechopen.74527 
17. Habsari, T. N. (2022). PT Pindad’s Strategy towards Defense Industry Independence. International Journal of Social Science 
and Human Research, 05(02). https://doi.org/10.47191/ijsshr/v5-i2-37 
18. Hasim, W. (2022). Empowerment of National Defense in Realizing the Fulfillment of the Minimum Essence Force (MEF) 
By The Domestic Defense Industry. Jurnal Ekonomi, Bisnis & Entrepreneurship, 16(2), 92–98. 
https://doi.org/10.55208/jebe.v16i2.250 
19. Herlevi, A. A., & Rodgers, R. (2023). China’s technology acquisition for military innovation: Spectrum of legality in strategic 
competition. Asian Security, 19(2), 169–185. https://doi.org/10.1080/14799855.2023.2241396 
20. Hukkinen, J. I., Eronen, J. T., Janasik, N., Kuikka, S., Lehikoinen, A., Lund, P. D., Räisänen, H., & Virtanen, M. J. (2022). 
The policy operations room: Analyzing path-dependent decision-making in wicked socio-ecological disruptions. Safety Science, 
146, 105567. https://doi.org/10.1016/j.ssci.2021.105567 
21. Irfan, M., Nidar, S. R., Azis, Y., & Widianto, S. (2023). Self-reliant in defense industries: Case study Indonesia. Cogent 
Business & Management, 10(3), 2262715. https://doi.org/10.1080/23311975.2023.2262715 
22. Jakobs, K. (Ed.). (2019). Corporate Standardization Management and Innovation: IGI Global. https://doi.org/10.4018/978-
1-5225-9008-8 
23. James, J. (2022). Public Enterprise, Technology and Employment in Developing Countries. In J. James, The Technological 
Behaviour of Public Enterprises in Developing Countries (1st ed., pp. 21–41). Routledge. 
https://doi.org/10.4324/9781003313120-2 
24. Je, H.-J. (2024). A Study on Regulation and Norms for the Promotion of Research and Development Focused on Defense 
Strategic Technology. Journal of the Korea Academia-Industrial Cooperation Society, 25(6), 596–605. 
https://doi.org/10.5762/KAIS.2024.25.6.596 
25. Julexi Tambayong & Achmad Farid Wadjdi. (2023). Belanja Pertahanan: Tinjauan Teoretis dan Analitis Perencanaan 
Belanja Pertahanan Indonesia (Pertama). Salemba Empat. https://opac.lib.idu.ac.id/index.php?p=show_detail&id=15451 
26. Kaplan, R. S., & Norton, D. P. (1996). The balanced scorecard: Translating strategy into action. Harvard Business School 
Press. 
27. Kasim, K., & Deksino, G. R. (2022). The Development of the Indonesian Defense Industry by Using Systems Thinking 
Approach. Jurnal Pertahanan: Media Informasi Ttg Kajian & Strategi Pertahanan Yang Mengedepankan Identity, Nasionalism 
& Integrity, 8(3), 341. https://doi.org/10.33172/jp.v8i3.1770 
28. Kurç, Ç. (2024). No Strings Attached: Understanding Turkey’s Arms Exports to Africa. Journal of Balkan and Near Eastern 
Studies, 26(3), 378–395. https://doi.org/10.1080/19448953.2023.2236515 
29. Lall, S. (1992). Technological capabilities and industrialization. World Development, 20(2), 165–186. 
https://doi.org/10.1016/0305-750X(92)90097-F 
30. Lambertini, L. (2023). A Schumpeterian view of the interplay between innovation and concentration in the EU defence 
industry. Defence Studies, 23(4), 608–625. https://doi.org/10.1080/14702436.2023.2277474 
31. Leebaert, D., & Gansler, J. S. (1981). The Defense Industry. Journal of Policy Analysis and Management, 1(1), 154. 
https://doi.org/10.2307/3324151 
32. Li, Z., Guo, Y., Yarime, M., & Wu, X. (2023). Policy designs for adaptive governance of disruptive technologies: The case of 
facial recognition technology (FRT) in China. Policy Design and Practice, 6(1), 27–40. 
https://doi.org/10.1080/25741292.2022.2162248 
33. Ma, R., Yin, J., & Huang, X. (2023). Effect of the Strategic Emerging Industry Support Program on Corporate Innovation 
among Listed Companies in China. Sustainability, 15(24), 16729. https://doi.org/10.3390/su152416729 
34. Maslennikov, Ye. I., Kirtokа, R. G., & Muzychenko, T. O. (2023). Theoretical Aspects of Management Efficiency. Market 
Economy: Modern Management Theory and Practice, 22(1(53)), 128–138. https://doi.org/10.18524/2413-
9998.2023.1(53).288745 
35. Mohamed Anwar, N. V., Pathirikkat, G., & Rajan, S. (2023). Proactive Defense Strategy Against Uncertainty Induced 
Voltage Disturbance Propagation in Deregulated Market Oriented Greener Grids. IEEE Transactions on Power Systems, 38(3), 
2224–2233. https://doi.org/10.1109/TPWRS.2022.3192464 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 6, 2025 
https://theaspd.com/index.php 
 

961 

36. Mowery, D. C. (2012). Defense-related R&D as a model for “Grand Challenges” technology policies. Research Policy, 41(10), 
1703–1715. https://doi.org/10.1016/j.respol.2012.03.027 
37. North, D. C. (1990). Institutions, institutional change, and economic performance. Cambridge University Press. 
38. Octovianus Oskar Engelberth, Runturambi, A. J. S., & Ras, A. R. (2023). Policy evaluation of PT. Pindad in fulfilling the 
need for weapons and ammunition of the Army in the 2019-2022 period. Technium Social Sciences Journal, 41, 292–303. 
https://doi.org/10.47577/tssj.v41i1.8575 
39. Patton, M. Q. (2008). Utilization-focused evaluation (4th ed). SAGE. 
40. Pestana Barros, C. (2004). Measuring performance in defense‐sector companies in a small NATO member country. Journal 
of Economic Studies, 31(2), 112–128. https://doi.org/10.1108/01443580410527105 
41. Priamarizki, A. (2024). Understanding the Domestic Determinants of Indonesia’s Hedging Policy towards the United States 
and China. Contemporary Southeast Asia, 46(1), 19–42. https://doi.org/10.1355/CS46-1b 
42. QSR International, P. (2016). NVivo 11 Pro for Windows Getting Started Guide. QSR International Pty Ltd. 
www.qsrinternational.com 
43. Ramadhoni, M. B. E., Siahaan, T., Khaerudin, & Jandhan, I. B. P. (2024). The Impact of War on the Global Economy: 
Challenges and Opportunities for the Indonesian Defense Industry. Jurnal Multidisiplin Madani, 4(7), 908–918. 
https://doi.org/10.55927/mudima.v4i7.9752 
44. Reis, J., Rosado, D. P., Cohen, Y., Pousa, C., & Cavalieri, A. (2022). Green Defense Industries in the European Union: The 
Case of the Battle Dress Uniform for Circular Economy. Sustainability, 14(20), 13018. https://doi.org/10.3390/su142013018 
45. Rogers, E. M. (2003). Diffusion of innovations (Fifth edition). Free Press. 
46. Shvartsur, R., & Savitsky, B. (2024). Civilians under missile attack: Post-traumatic stress disorder among the Jewish and 
Bedouin population of Southern Israel. Israel Journal of Health Policy Research, 13(1), 38. https://doi.org/10.1186/s13584-
024-00625-9 
47. Siddiki, S., Beagles, J. E., & Oesterling, N. (2022). Collaboration as a Policy Tool in the Policy Process. In M. Howlett, The 
Routledge Handbook of Policy Tools (1st ed., pp. 220–231). Routledge. https://doi.org/10.4324/9781003163954-22 
48. Simms, C., & Frishammar, J. (2024). Technology transfer challenges in asymmetric alliances between high-technology and 
low-technology firms. Research Policy, 53(3), 104937. https://doi.org/10.1016/j.respol.2023.104937 
49. Simon, H. A. (1997). Administrative Behavior, 4th Edition (4th ed). Free Press. 
50. Sochneva, E. N., Malakhova, A. A., Starova, O. V., Zyablikov, D. V., & Kravtsov, D. I. (2021). Collaborations in the Modern 
Economy. In A. V. Bogoviz, A. E. Suglobov, A. N. Maloletko, O. V. Kaurova, & S. V. Lobova (Eds.), Frontier Information 
Technology and Systems Research in Cooperative Economics (Vol. 316, pp. 63–71). Springer International Publishing. 
https://doi.org/10.1007/978-3-030-57831-2_7 
51. Surahman, S., I Nengah Putra, Khaerudin, K., & Muhamad Asvial. (2024). Independence of the Indonesian Defense 
Industry and Challenges in Defense Budget Allocation. International Journal Of Humanities Education and Social Sciences 
(IJHESS), 3(4). https://doi.org/10.55227/ijhess.v3i4.738 
52. Vernigora, A. A. (2023). Defense industry of Türkiye as a factor of domestic and foreign policy. USA & Canada Economics 
– Politics – Culture, 11, 42–51. https://doi.org/10.31857/S2686673023110044 
53. Wadjdi, A. F., Tambayong, J., & Sianturi, E. M. (2023). Enhancing national defense capabilities through collaborative 
programs: Insights and policy recommendations for Indonesia. Insights into Regional Development, 5(3), 10–23. 
https://doi.org/10.9770/IRD.2023.5.3(1) 
54. Wang, S., Liu, J., Chen, T., Li, H., Niu, W., Tong, E., Li, L., & Song, M. (2020). A Configurable off-Policy Evaluation with 
Key State-Based Bias Constraints in AI Reinforcement Learning. In Y. Xiang, Z. Liu, & J. Li (Eds.), Security and Privacy in Social 
Networks and Big Data (Vol. 1298, pp. 120–131). Springer Singapore. https://doi.org/10.1007/978-981-15-9031-3_11 
55. Wei, X., Liu, R., & Chen, W. (2023). Meta theories of technological innovation based on the analysis of classic texts. Heliyon, 
9(6), e16779. https://doi.org/10.1016/j.heliyon.2023.e16779 
56. Wilkinson, J. (1998). The R&D priorities of leading food firms and long-term innovation in the agro food system. 
International Journal of Technology Management, 16(7), 711. https://doi.org/10.1504/IJTM.1998.002692 
57. Xie, Y., Sattari, K., Zhang, C., & Lin, J. (2023). Toward autonomous laboratories: Convergence of artificial intelligence and 
experimental automation. Progress in Materials Science, 132, 101043. https://doi.org/10.1016/j.pmatsci.2022.101043 
58. Yusgiantoro, P. (2014). Ekonomi pertahanan. PT Gramedia Pustaka Utama. 
59. Zemlyanskii, D. Yu., & Chuzhenkova, V. A. (2023). Production Dependence on Imports in the Russian Economy: Regional 
Projection. Izvestiya Rossiiskoi Akademii Nauk Seriya Geograficheskaya, 87(5), 651–665. 
https://doi.org/10.31857/S2587556623050102 


