Industry 4.0 in Packaging Automation-Integration
Strategies and Benefits

Introduction

Industry 4.0, often called the fourth industrial revolution, is transforming how companies
manufacture and package products. For purchasing professionals, understanding Industry
4.0 is essential for making smart technology investments that will shape your company's
future. Industry 4.0 combines artificial intelligence (Al), Internet of Things (loT), cloud
computing, and other advanced technologies to create intelligent manufacturing systems
that can monitor, analyze, and improve production automatically. The global automated
packaging solutions market is projected to grow from USD 75.54 billion in 2024 to USD
140.82 billion by 2033, demonstrating how rapidly this technology is becoming the industry
standard.["]?]

Implementing Industry 4.0 in packaging operations is not just about buying new machines. It
requires a comprehensive strategy to integrate new technologies with existing systems,
retrain your workforce, and establish data management practices that support real-time
decision-making. When done correctly, Industry 4.0 implementation can increase production
efficiency by 50% or more while dramatically reducing downtime and improving product

quality.#-1l1-11

Understanding Industry 4.0 Technology Fundamentals

Industry 4.0 represents the evolution of manufacturing from isolated machines to intelligent,
connected systems. The first industrial revolution introduced mechanization with water and
steam power. The second brought mass production through electricity. The third added
computers and automation. Now, the fourth revolution combines all these advances with
digital connectivity, allowing machines to communicate with each other and make decisions

independently.m

In packaging, Industry 4.0 transforms traditional production lines into smart factories where
every machine is connected through sensors and networks. These machines constantly
collect data about temperature, pressure, speed, and quality. Advanced software analyzes
this data in real-time to optimize operations, predict problems before they occur, and adjust
processes automatically.l*"]

The Internet of Things (loT) serves as the nervous system of Industry 4.0. loT involves
installing sensors on machines and throughout the production facility to collect continuous
data about operations. These sensors measure everything from equipment vibration to
material flow, environmental conditions, and product quality. The global smart packaging



market is estimated to grow from USD 22.67 million in 2025 to USD 37.94 million by 2033.1!
[5]

Artificial Intelligence (Al) acts as the brain of Industry 4.0 systems. Al algorithms analyze
data from thousands of sensors to identify patterns, predict failures, and recommend
process improvements that humans might miss. For example, Al-powered inspection
systems can detect packaging defects with 99.9% accuracy while reducing manual
inspection costs by 80%.4"!

Cloud Computing provides the computing power necessary to process massive amounts of
data. Cloud platforms store information from production facilities, making it accessible to
managers anywhere in the world. This enables remote monitoring, faster analysis, and better

decision-making./%!'-?]

Manufacturing Execution Systems (MES) are specialized software that controls and
monitors production processes. MES systems bridge the gap between enterprise resource
planning (ERP) systems that manage overall business operations and the actual machines
on the production floor. MES systems provide real-time information about what is being
produced, how much inventory exists, and whether production is meeting quality standards.
[71(8]

Core Integration Strategies for Industry 4.0 Adoption

Successful Industry 4.0 implementation requires a thoughtful, step-by-step approach.
Companies should not attempt to transform everything at once. Instead, a phased
implementation strategy that begins with assessment and planning offers the best chances
for success.[*!

Step 1: Digital Maturity Assessment begins with understanding your current situation.
Evaluate your existing equipment, software systems, workforce capabilities, and data
management infrastructure. ldentify which machines can be retrofitted with sensors and
which require replacement. Determine which processes would benefit most from automation
and real-time monitoring. This assessment helps identify gaps between your current state
and your target Industry 4.0 environment.[?-!

Step 2: Define Clear Objectives for your Industry 4.0 implementation. Purchasing
professionals should work with production managers to establish specific, measurable goals.
These might include reducing downtime by 30%, decreasing material waste by 25%,
improving on-time delivery performance, or enhancing product quality metrics. Clear
objectives help justify investments to executive leadership and provide benchmarks for

measuri Nng success. [3-2]

Step 3: Build Your Technology Foundation by establishing robust data infrastructure. This
means implementing systems that can collect, store, and analyze large volumes of data from
production equipment. Many companies use cloud-based platforms that integrate data from



multiple sources, providing a unified view of operations. Your IT department should establish
secure networks and cybersecurity measures to protect this sensitive information. (13-
Step 4: Integrate Your Existing Systems so that different software platforms communicate
effectively. Most packaging companies operate multiple systems including ERP software for
business operations, production planning systems, quality control systems, and equipment
control systems. These systems must share data seamlessly. An MES system often serves
as the connection point, gathering information from all sources and presenting it in a unified

dashboard.!®"!

Step 5: Select Pilot Projects to test Industry 4.0 technologies before full-scale
implementation. Choose one production line or one specific process to digitize first. This pilot
project allows your team to learn what works, identify challenges, and make adjustments
before investing company-wide. Pilot projects typically take 6-12 months and help build
internal expertise that supports later expansions.[2'4]

Step 6: Invest in Workforce Development because technology alone cannot succeed
without skilled operators and maintenance staff. Training should include basic understanding
of how Industry 4.0 systems work, how to interpret data dashboards, and how to respond to
automated alerts. Beyond technical training, foster a culture of continuous learning where

employees feel comfortable asking questions and experimenting with new technologies.**!
[2-5]

Key Technology Components and Their Benefits

Predictive Maintenance represents one of the most valuable Industry 4.0 applications for
packaging operations. Traditional maintenance approaches follow a schedule—servicing
machines every month or every quarter, whether they need it or not. Predictive maintenance
uses Al algorithms to analyze sensor data from machines to identify early warning signs of
failure. For example, if a seal on a packaging machine begins to wear, sensors detect
changes in vibration patterns or temperature. Al algorithms recognize these patterns as
indicators of upcoming failure and alert technicians to perform maintenance before a
breakdown occurs.['01111112]

Predictive maintenance reduces unexpected downtime by 50% or more while extending
equipment lifespan and reducing maintenance costs. Companies typically see payback
within 12-18 months from the labor and parts savings achieved through avoided emergency
repairs.!!1-11110-1]

Real-Time Quality Control using machine vision and Al creates another significant benefit.
Instead of inspecting finished packages manually after production, automated inspection
systems use high-resolution cameras and Al algorithms to examine every package as it
comes off the production line. These systems detect defects including incorrect seals,
printing errors, contamination, and fill level problems with accuracy exceeding 99%.



Detection occurs instantly, allowing the system to remove defective packages before they
reach customers./*-212-6]

Supply Chain Traceability and Transparency achieved through blockchain and loT
creates value beyond production. Blockchain technology creates an immutable record of
every step a product takes through the supply chain. Each transaction—from raw material
receipt to finished product shipment—is recorded on a decentralized ledger that multiple
parties can access. This enables companies to quickly answer questions about where
products come from, how they have been handled, and whether they are authentic. For
pharmaceutical and food companies facing regulatory requirements to trace products

through the supply chain, blockchain reduces documentation time and increases confidence
in compliance.m’][m]

Energy Efficiency and Cost Reduction represents a concrete financial benefit from
Industry 4.0 implementation. Servo motors equipped with intelligent controls use 20-30%
less energy than traditional systems. Cloud-based energy monitoring systems track power
consumption in real-time and identify opportunities for efficiency improvements. Some
companies report saving $50,000-$100,000 annually through energy optimization in large
packaging facilities.!'°116-1113-5]

Production Flexibility and Speed increases when production systems become digitally
controlled. Traditional packaging lines require significant manual setup time to change from
producing one package type to another. Industry 4.0 systems with modular designs can
switch product specifications automatically through software changes rather than physical
reconfiguration. This enables companies to efficiently produce small batches of custom

packaging without the high costs traditionally associated with quick changeovers. 27136

Cost Analysis and Return on Investment

Understanding the financial impact of Industry 4.0 implementation is critical for procurement
decisions. The total cost of Industry 4.0 adoption includes equipment, software, installation,
training, and ongoing operational costs.!' /3]

Initial Investment Costs typically range from USD 500,000 for small pilot projects to several
million dollars for company-wide implementation in large facilities. These costs include new
equipment with sensors and IoT capabilities, MES and other software systems, network
infrastructure upgrades, installation labor, training programs, and initial consulting services.
However, government incentives and tax credits in many regions can reduce effective costs

by 15-25%.116-1115-81

Annual Operating Benefits from Industry 4.0 implementation are substantial. Labor cost

savings typically represent 30-50% of total benefits. Automated systems eliminate repetitive
manual tasks, allowing companies to reduce the size of their workforce or redeploy workers
to more valuable activities. Material waste reduction contributes another 15-25% of benefits,



as precise automation and Al-guided processes use materials more efficiently. Energy
savings from optimized equipment operation typically contribute 10-15% of benefits.[16-2]
Return on Investment (ROI) Calculation for Industry 4.0 projects usually shows payback
periods between 18-36 months. Using a concrete example: a mid-sized packaging facility
with USD 2 million in annual labor costs might implement Industry 4.0 at a total investment of
USD 3 million. By reducing labor requirements through automation and improving efficiency,
the facility saves USD 500,000 annually. Additional benefits from waste reduction, energy
savings, and reduced downtime add another USD 400,000 in annual savings. Total annual
benefits of USD 900,000 divided into the USD 3 million investment means the facility
recovers its investment in approximately 3.3 years. After payback, the facility enjoys USD

900,000 in annual benefits indefinitely.[16'3]

Risk Mitigation is important when evaluating ROI. Most financial projections for Industry 4.0
projects prove conservative—actual benefits often exceed projections because optimization
opportunities emerge after systems are operational. However, prudent procurement
professionals should build in contingencies for higher-than-expected implementation costs

and slightly lower initial productivity gains.[3'9]

Addressing Implementation Challenges

While Industry 4.0 offers substantial benefits, implementation presents significant challenges
that purchasing professionals must address.[>10!

High Initial Costs represent the most obvious obstacle. Industry 4.0 technology is
expensive, and many companies, especially smaller manufacturers, struggle to justify the
investment despite strong long-term ROI. For small and medium-sized enterprises (SMEs),
high costs often mean seeking government incentives, phased implementation approaches,
or partnerships with technology providers who share investment costs.[9-1I3-11]

Complexity of Integration with existing equipment creates technical challenges. Many
packaging facilities operate equipment installed over several decades. Integrating decades-
old equipment that was never designed to be connected with modern Industry 4.0 systems
requires retrofitting—adding sensors, control systems, and network connections to legacy
equipment. This retrofitting can be complex, time-consuming, and sometimes impossible for

very old equipment.[3'12]

Data Security and Cybersecurity Concerns become increasingly important as production
systems become more connected. Connected equipment accessible through networks and
the internet requires robust cybersecurity measures. Inadequate security can expose
sensitive production data, enabling competitors to steal proprietary processes or allowing
malicious actors to disrupt production. Companies must invest in firewalls, encryption,

access controls, and continuous security monitoring to protect their systems.[9‘21[3‘13]



Workforce Challenges including skills gaps and workforce adaptation create organizational
obstacles. Operating and maintaining Industry 4.0 systems requires employees with
advanced technical skills in data analysis, programming, and system administration. Many
existing production workers lack these skills, necessitating comprehensive training
programs. Beyond technical training, companies must foster a digital culture where
employees embrace technology and continuous Iearning.[9'3][3'14]

Regulatory and Compliance Complexity varies by industry and region. Companies
operating in regulated industries like pharmaceuticals must ensure their Industry 4.0 systems
comply with strict regulatory requirements. Data protection laws like GDPR require special
attention to data privacy and security. Understanding and implementing compliance

measures can be costly and complex.!! 71315

Selecting the Right Technology Vendors and Partners

Successful Industry 4.0 implementation requires choosing reliable technology partners.

Procurement professionals should evaluate vendors carefully.[3'16]

Assess Vendor Expertise by reviewing their experience with companies similar to yours.
Ask for references from other customers who have implemented similar systems. Visit
customer facilities to see systems in operation and discuss their experiences with

implementation, support quality, and actual results achieved.[>17]

Evaluate System Interoperability to ensure different components work together
seamlessly. Ask vendors explicitly how their systems integrate with your existing ERP,
production planning, and quality control systems. Request demonstrations of data flow
between systems. Problems with system integration often emerge after installation and can
be expensive to resolve.®-213-18]

Understand Support and Service Offerings before signing contracts. Ask about response
times for technical support, availability of local technicians, spare parts availability, training
programs, and upgrade policies. Ongoing support quality significantly affects whether you
achieve projected benefits from Industry 4.0 investments.[>-19

Negotiate Implementation Timelines and Milestones that are realistic and include
contingencies for unexpected challenges. Typical MES implementations take 6-12 months.
loT sensor installation and network setup typically require 2-4 months. Training programs

should extend 3-6 months. Realistic timelines reduce costs and stress on your organization.
[3-20]

Future Developments and Emerging Trends

The packaging industry continues evolving beyond current Industry 4.0 implementations.
Advanced Al and machine learning capabilities will enable even more sophisticated process
optimization. Edge computing, which processes data locally on devices rather than sending



everything to distant cloud servers, will enable faster response times and reduce network
traffic. Integration of augmented reality (AR) will allow technicians to visualize hidden
equipment problems and receive guidance during maintenance.!8Il19114-3][2-8]
Sustainability integration will become increasingly important, with Industry 4.0 systems
optimized for environmental impact reduction alongside production efficiency. Real-time
carbon tracking, material waste minimization, and energy consumption optimization will

receive greater emphasis.[20113-21]

Conclusion and Recommendations for Procurement
Professionals

Industry 4.0 represents a fundamental transformation in packaging manufacturing. For
procurement professionals, the key is understanding that Industry 4.0 is not simply about
purchasing new equipment—it is about implementing integrated systems that connect
machines, collect data, analyze information, and enable intelligent decision-making.[2'9][3'22]
Successful Industry 4.0 adoption requires careful planning, realistic expectations about
timelines and costs, selection of reliable technology partners, and commitment to workforce
development. Companies that successfully implement Industry 4.0 typically experience 30-
50% improvements in production efficiency, 40-60% reductions in downtime, and substantial
improvements in product quality within 24 months of implementation.“‘3][3'23]

Procurement professionals should begin by conducting a thorough assessment of your
current operations and defining clear objectives for Industry 4.0 implementation. Develop a
phased implementation strategy starting with pilot projects that allow your team to learn and
refine processes before large-scale deployment. Invest time in selecting technology partners
with strong expertise and proven track records. Allocate adequate resources for workforce
training and change management because technology only succeeds when people are
prepared to use it effectively.l?1013-24]

The competitive landscape is shifting rapidly. Companies that successfully adopt Industry 4.0
will gain significant competitive advantages through lower costs, faster innovation, and
higher quality. For purchasing professionals, the time to begin planning Industry 4.0
implementation is now. The industry is moving in this direction, and early adopters will
establish stronger market positions while maintaining operational leadership over

competitors who delay adoption.“'4][2'”][3'25]

https://www.grandviewresearch.com/industry-analysis/automated-packaging-solutions-market-report



https://www.grandviewresearch.com/industry-analysis/automated-packaging-solutions-market-report

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24,
25.
26.

27.
28.
29.
30.

31.

32.

33.
34.

35.
36.
37.

. https://ttplywood.com/digital-transformation-in-the-packaging-industry-benefits-and-challenges < < <

CRRRRRRLL

. https://www.greif-velox.com/en/knowledge/industry-4-0 € € € L L L L L L L L L L L L L &

P PLPLPLPLPL P L

. https://www.startus-insights.com/innovators-guide/packaging-4-0/ € € € €

. https://www.inboundlogistics.com/articles/iot-manufacturing-components-benefits-and-challenges/ <

. https://www.marketbusinessinsights.com/packaging-automation-solutions-market < <

. https://www.ibm.com/think/topics/mes-system <

. https://epackagingsw.com/packaging-mes-applications € < €

. https://www.oracle.com/asean/industrial-manufacturing/industry-4-challenges/ € € < <

. https://infobeans.ai/ai-enabled-predictive-maintenance-in-manufacturing-reducing-downtime-with-

data-driven-insights/ € <

. https://www.oracle.com/scm/ai-predictive-maintenance/ < <

. https://biztechmagazine.com/article/2025/03/reduce-equipment-downtime-manufacturers-turn-ai-

predictive-maintenance-tools <

https://www.packaging-gateway.com/features/blockchains-role-in-secure-packaging-supply-chains/ <
https://www.sciencedirect.com/science/article/abs/pii/S0360835220305829 <
https://www.jkongmotor.com/integrated-servo-motors-for-automatic-packaging-machines.html <

https://www.spackmachine.com/automated-packaging-machines-efficiency-savings/ € € € €
https://www.sciencedirect.com/science/article/pii/S0040162523007369 <

https://www.autodesk.com/blogs/design-and-manufacturing/industrial-automation/ <

ttps://www.suse.com/c/edge-computing-empowering-real-time-data-processing-and-analysis/ <

https://www.smartpackaginghub.com/the-packaging-sector-from-industry-4-0-to-transition-5-0/ <

https://logisticsviewpoints.com/2025/07/03/smart-packaging-and-iot-shipment-monitoring-whats-
working-and-whats-not/ €

https://www.towardspackaging.com/insights/packaging-4-0-market-sizing <

https://shoplogix.com/smart-factory-solutions-for-packaging/ <

https://www.bursys.com/must-know-benefits-of-the-digital-transformation-of-the-packaging-industry/ <
https://www.sciencedirect.com/science/article/pii/S2949822825001091 <

https://packagingeurope.com/what-does-the-digital-transformation-mean-to-packaging-
manufacturing/9817.article <

https://onlinelibrary.wiley.com/doi/10.1111/jfpe.70120 <
https://www.packaging-gateway.com/features/digital-transformation-in-packaging/ <

https://www.packnode.org/en/innovation/iot-biosensors-food-packaging-monitoring <

https://www.supplychainconnect.com/supply-chain-technology/article/21258396/why-is-digitalization-
increasingly-important-for-the-packaging-industry <

https://www.globaltrademag.com/end-of-line-packaging-innovations-automation-and-market-growth-
trends/ €
https://www.opsisvt.com/vision-artificial-industrial/en/packaging/digital-transformation-in-the-
packaging-industry-the-promise-of-machine-vision-2/ <

https://sickconnect.com/revolutionizing-packaging-with-smart-sensors-and-intelligent-packaging/ <

https://www.ats-global.com/success-stories/ats-global-implements-manufacturing-execution-system-
mes-solution-for-a-meat-packaging-plant-of-a-global-retail-company/ <

https://www.assetwatch.com/blog/predictive-maintenance-for-packaging <

https://www.deloitte.com/us/en/services/consulting/articles/blockchain-supply-chain-innovation.html <

https://marcopack.com/en/avoid-production-downtime-with-predictive-maintenance-with-ai/ <



https://ttplywood.com/digital-transformation-in-the-packaging-industry-benefits-and-challenges
https://www.greif-velox.com/en/knowledge/industry-4-0
https://www.startus-insights.com/innovators-guide/packaging-4-0/
https://www.inboundlogistics.com/articles/iot-manufacturing-components-benefits-and-challenges/
https://www.marketbusinessinsights.com/packaging-automation-solutions-market
https://www.ibm.com/think/topics/mes-system
https://epackagingsw.com/packaging-mes-applications
https://www.oracle.com/asean/industrial-manufacturing/industry-4-challenges/
https://infobeans.ai/ai-enabled-predictive-maintenance-in-manufacturing-reducing-downtime-with-data-driven-insights/
https://infobeans.ai/ai-enabled-predictive-maintenance-in-manufacturing-reducing-downtime-with-data-driven-insights/
https://www.oracle.com/scm/ai-predictive-maintenance/
https://biztechmagazine.com/article/2025/03/reduce-equipment-downtime-manufacturers-turn-ai-predictive-maintenance-tools
https://biztechmagazine.com/article/2025/03/reduce-equipment-downtime-manufacturers-turn-ai-predictive-maintenance-tools
https://www.packaging-gateway.com/features/blockchains-role-in-secure-packaging-supply-chains/
https://www.sciencedirect.com/science/article/abs/pii/S0360835220305829
https://www.jkongmotor.com/integrated-servo-motors-for-automatic-packaging-machines.html
https://www.spackmachine.com/automated-packaging-machines-efficiency-savings/
https://www.sciencedirect.com/science/article/pii/S0040162523007369
https://www.autodesk.com/blogs/design-and-manufacturing/industrial-automation/
https://www.suse.com/c/edge-computing-empowering-real-time-data-processing-and-analysis/
https://www.smartpackaginghub.com/the-packaging-sector-from-industry-4-0-to-transition-5-0/
https://logisticsviewpoints.com/2025/07/03/smart-packaging-and-iot-shipment-monitoring-whats-working-and-whats-not/
https://logisticsviewpoints.com/2025/07/03/smart-packaging-and-iot-shipment-monitoring-whats-working-and-whats-not/
https://www.towardspackaging.com/insights/packaging-4-0-market-sizing
https://shoplogix.com/smart-factory-solutions-for-packaging/
https://www.bursys.com/must-know-benefits-of-the-digital-transformation-of-the-packaging-industry/
https://www.sciencedirect.com/science/article/pii/S2949822825001091
https://packagingeurope.com/what-does-the-digital-transformation-mean-to-packaging-manufacturing/9817.article
https://packagingeurope.com/what-does-the-digital-transformation-mean-to-packaging-manufacturing/9817.article
https://onlinelibrary.wiley.com/doi/10.1111/jfpe.70120
https://www.packaging-gateway.com/features/digital-transformation-in-packaging/
https://www.packnode.org/en/innovation/iot-biosensors-food-packaging-monitoring
https://www.supplychainconnect.com/supply-chain-technology/article/21258396/why-is-digitalization-increasingly-important-for-the-packaging-industry
https://www.supplychainconnect.com/supply-chain-technology/article/21258396/why-is-digitalization-increasingly-important-for-the-packaging-industry
https://www.globaltrademag.com/end-of-line-packaging-innovations-automation-and-market-growth-trends/
https://www.globaltrademag.com/end-of-line-packaging-innovations-automation-and-market-growth-trends/
https://www.opsisvt.com/vision-artificial-industrial/en/packaging/digital-transformation-in-the-packaging-industry-the-promise-of-machine-vision-2/
https://www.opsisvt.com/vision-artificial-industrial/en/packaging/digital-transformation-in-the-packaging-industry-the-promise-of-machine-vision-2/
https://sickconnect.com/revolutionizing-packaging-with-smart-sensors-and-intelligent-packaging/
https://www.ats-global.com/success-stories/ats-global-implements-manufacturing-execution-system-mes-solution-for-a-meat-packaging-plant-of-a-global-retail-company/
https://www.ats-global.com/success-stories/ats-global-implements-manufacturing-execution-system-mes-solution-for-a-meat-packaging-plant-of-a-global-retail-company/
https://www.assetwatch.com/blog/predictive-maintenance-for-packaging
https://www.deloitte.com/us/en/services/consulting/articles/blockchain-supply-chain-innovation.html
https://marcopack.com/en/avoid-production-downtime-with-predictive-maintenance-with-ai/

38.

39.
40.
41.

42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.

https://new.abb.com/pulp-paper/abb-in-pulp-and-paper/systems/abb-ability-manufacturing-execution-
system-mes-for-pulp-and-paper/production-planning <

https://www.sciencedirect.com/science/article/pii/S0308597X25001150 <
https://www.tietoevry.com/en/industry/pulp-paper-and-fibre/tips-industry-solutions-and-services/ <

https://www.sekologistics.com/en/resource-hub/knowledge-hub/how-blockchain-technology-is-
transforming-supply-chain-transparency/ <
https://www.sciencedirect.com/science/article/pii/S2667305325000274 <
https://www.datacor.com/resources/manufacturing-execution-system-guide <
https://www.nature.com/articles/s41598-025-88245-4 <

https://llumin.com/the-role-of-machine-learning-in-predictive-maintenance-for-manufacturing/ <

https://www.advantive.com/solutions/mes-software/ <

https://www.nutanix.com/how-to/cloud-and-edge-computing <

https://jarkoindustry.com/en/blog-en/roi-of-industrial-automation-when-will-the-investment-pay-off/ <
https://www.sciencedirect.com/science/article/pii/S111001682500119X <

https://www.br-automation.com/fileadmin/Packaging-4.0-Enabling-operational-excellence-
8fe12acd.pdf <

https://ieeexplore.ieee.org/document/10434652 <

https://www.nibusinessinfo.co.uk/content/industry-4.0-challenges-and-risks <

https://www.hiotron.com/the-economics-of-industry-4-0-roi-and-cost-benefit-analysis/ <

https://packiot.com/the-industry-4-0-in-europe-and-the-packaging-industry/ <

https://packagingeurope.com/industry-40-are-we-there-yet/4901.article <

>

ttps://www.mirantis.com/blog/the-complete-guide-to-edge-computing-architecture/ <
ttps://www.diva-portal.org/smash/get/diva2: 16 79956/FULLTEXT02 <
ttps://lwww.jstage.jst.go.jp/article/ijat/11/1/11_4/ pdf €

= |

>

https://www.digi.com/blog/post/edge-computing-vs-cloud-computing <
https://papers.ssrn.com/sol3/Delivery.cfm/cec449a2-fd06-4a7d-a863-c16f6c6c0774-MECA.pdf?
abstractid=5338550\&mirid=1 <
https://whattheythink.com/articles/106104-leveraging-automation-industry-40-print-packaging-
manufacturing/ <



https://new.abb.com/pulp-paper/abb-in-pulp-and-paper/systems/abb-ability-manufacturing-execution-system-mes-for-pulp-and-paper/production-planning
https://new.abb.com/pulp-paper/abb-in-pulp-and-paper/systems/abb-ability-manufacturing-execution-system-mes-for-pulp-and-paper/production-planning
https://www.sciencedirect.com/science/article/pii/S0308597X25001150
https://www.tietoevry.com/en/industry/pulp-paper-and-fibre/tips-industry-solutions-and-services/
https://www.sekologistics.com/en/resource-hub/knowledge-hub/how-blockchain-technology-is-transforming-supply-chain-transparency/
https://www.sekologistics.com/en/resource-hub/knowledge-hub/how-blockchain-technology-is-transforming-supply-chain-transparency/
https://www.sciencedirect.com/science/article/pii/S2667305325000274
https://www.datacor.com/resources/manufacturing-execution-system-guide
https://www.nature.com/articles/s41598-025-88245-4
https://llumin.com/the-role-of-machine-learning-in-predictive-maintenance-for-manufacturing/
https://www.advantive.com/solutions/mes-software/
https://www.nutanix.com/how-to/cloud-and-edge-computing
https://jarkoindustry.com/en/blog-en/roi-of-industrial-automation-when-will-the-investment-pay-off/
https://www.sciencedirect.com/science/article/pii/S111001682500119X
https://www.br-automation.com/fileadmin/Packaging-4.0-Enabling-operational-excellence-8fe12acd.pdf
https://www.br-automation.com/fileadmin/Packaging-4.0-Enabling-operational-excellence-8fe12acd.pdf
https://ieeexplore.ieee.org/document/10434652
https://www.nibusinessinfo.co.uk/content/industry-4.0-challenges-and-risks
https://www.hiotron.com/the-economics-of-industry-4-0-roi-and-cost-benefit-analysis/
https://packiot.com/the-industry-4-0-in-europe-and-the-packaging-industry/
https://packagingeurope.com/industry-40-are-we-there-yet/4901.article
https://www.mirantis.com/blog/the-complete-guide-to-edge-computing-architecture/
https://www.diva-portal.org/smash/get/diva2:1679956/FULLTEXT02
https://www.jstage.jst.go.jp/article/ijat/11/1/11_4/_pdf
https://www.digi.com/blog/post/edge-computing-vs-cloud-computing
https://papers.ssrn.com/sol3/Delivery.cfm/cec449a2-fd06-4a7d-a863-c16f6c6c0774-MECA.pdf?abstractid=5338550%5C&mirid=1
https://papers.ssrn.com/sol3/Delivery.cfm/cec449a2-fd06-4a7d-a863-c16f6c6c0774-MECA.pdf?abstractid=5338550%5C&mirid=1
https://whattheythink.com/articles/106104-leveraging-automation-industry-40-print-packaging-manufacturing/
https://whattheythink.com/articles/106104-leveraging-automation-industry-40-print-packaging-manufacturing/

