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Greenfield manufacturing initiatives represent transformative opportunities for 

retailers seeking vertical integration advantages through comprehensive technology 

ecosystem implementation. This article examines the architectural design and 

deployment of end-to-end IT solutions specifically validated within a dairy 

manufacturing environment, focusing on integration challenges and strategic solutions 

across complex multi-vendor environments. The dairy sector presents unique 

integration challenges due to the high-volume, real-time data requirements of milk 

sourcing and critical cold-chain management necessities. The implementation centered 

on enterprise resource planning systems as foundational integration hubs, extended 

through specialized manufacturing execution, laboratory information management, 

and warehouse automation platforms following ISA-95 standard architectures. Key 

challenges addressed include multi-system orchestration complexity, high-volume 

transaction performance requirements, and cybersecurity considerations in operational 

technology convergence environments. The architectural framework established 

standardized templates enabling rapid facility replication while maintaining operational 

consistency across expanding manufacturing networks. Performance outcomes 

demonstrated quantifiable improvements, including 18% cycle time reduction, 99.2% 

inventory accuracy, and 15% distribution efficiency enhancement that exceeded 

industry benchmarks by 12-15%. The article contributes practical frameworks for 

practitioners navigating similar technological transformations in dairy manufacturing 

environments while establishing foundations for advanced analytics and Internet of 

Things integration capabilities.  

Research Classification: This article represents an Applied Research Case Study 

following Design Science Research methodology, examining real-world implementation 

of integrated manufacturing systems architecture in large-scale dairy processing 

environments.  

  

Keywords: Dairy Manufacturing Systems, ISA-95 Integration Architecture, 

Manufacturing Execution Systems, Cold-Chain Traceability, Industrial Internet of 

Things.  

    

1. Introduction and Strategic Framework  

Manufacturing from scratch has become essential in today's retail landscape. Companies now build 

entire production facilities without existing system baggage. This fresh start eliminates old technology 

problems that slow down operations. Retail businesses see major benefits in owning their complete 

supply process. Market changes and supply problems have shown risks in depending only on outside 

suppliers. New digital tools give companies better control over their manufacturing operations. These 



Journal of Information Systems Engineering and Management      
2026, 11(1s) e-ISSN: 
2468-4376  
https://www.jisem-journal.com/  Research Article    

  
  

630  
Copyright © 2026 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative 

Commons Attribution License which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original work is properly cited.  

tools help track product quality and factory performance every minute. Mixing digital systems with 

physical production opens new doors for saving money and improving quality. Companies starting fresh 

can create the best workflows possible. They can add modern automation and data systems that old 

factories cannot easily use [1].  

Food production has special needs that make starting fresh very appealing for retailers. Perishable foods 

need careful handling and strict quality checks during production. Temperature systems must keep 

exact conditions to protect food safety and freshness. Food rules require detailed records and tracking 

systems that are hard to add to old setups. Modern factory control systems automatically monitor 

quality and adjust production to keep products consistent. Using smart factory ideas in food making 

requires a careful connection between factory machines and computer systems. These connected 

systems let manufacturers see everything happening in production and supply chains. Smart factory 

concepts help predict when machines need fixing before they break down. Connected cyber-physical 

systems create chances for factories to run themselves and change production without people making 

adjustments [2].  

Goals for examining technology design in new food manufacturing focus on understanding how 

different systems work together. The examination looks at connection methods across various 

technology platforms, including business planning systems and specialised manufacturing tools. 

Special attention goes to understanding the challenges of managing different technology environments 

where instant data sharing is vital for success. The coverage includes all technology levels from factory 

floor machines to executive dashboards. This complete view shows how different technology pieces 

depend on each other and affect overall factory performance. The work adds to current knowledge by 

filling gaps in new facility methods designed specifically for fresh food manufacturing. Current 

academic work often examines individual systems rather than complete ecosystem methods that match 

real manufacturing challenges.  

Strategic imperatives driving greenfield manufacturing initiatives center on three fundamental 

objectives that shape technology implementation decisions. End-to-end traceability capabilities provide 

complete product visibility from raw material sourcing through final customer delivery. These 

traceability systems enable rapid response to quality incidents and support comprehensive regulatory 

compliance documentation. Operational efficiency objectives require automated workflow systems that 

minimize manual intervention while maximizing production throughput and resource utilization. 

Advanced manufacturing execution systems coordinate complex production processes and optimize 

material flow throughout the facility. Scalability requirements demand standardized architectural 

frameworks that can be replicated across multiple facilities while maintaining operational consistency. 

Template-based approaches reduce implementation time and risk for subsequent facility deployments 

while preserving organizational learning and best practices developed during initial implementations. 

The dairy sector, in particular, presents a unique integration challenge due to the high-volume, realtime 

data requirements of milk sourcing and the critical nature of cold-chain management. The extreme 

perishability of milk and the complexity of coordinating multiple supplier networks provides a rigorous 

stress test for proposed IT ecosystems, requiring sub-second response times for quality holds and 

temperature-sensitive logistics coordination.  
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Table 1: Strategic Objectives Comparison Framework. [1, 2]  

Strategic  

Imperative  

Traditional Approach  Greenfield Advantage  

End-to-End 

Traceability  

Limited visibility due to legacy 

system constraints  

Complete batch tracking from 

source to delivery  

Operational  

Efficiency  

Manual interventions are required 

for system coordination  

Automated  workflow  

orchestration across platforms  

Scalability  

Framework  

Custom solutions for each facility 

implementation  

Standardised templates enabling 

rapid replication  

  

2. Technology Architecture and System Integration Design  

The architectural design adhered to the ISA-95 standard framework, which defines the global standard 

for integration of enterprise and control systems in manufacturing environments. The implementation 

mapped system components across ISA-95 hierarchical levels, with Level 4 enterprise resource 

planning systems providing business planning and logistics functions, Level 3 manufacturing execution 

systems controlling production workflows and batch management, Level 2 supervisory control systems 

managing equipment coordination, and Level 1 basic control systems handling direct machine 

operations. This ISA-95 alignment ensured standardized interfaces between organizational levels while 

maintaining clear functional boundaries and data flow protocols. The framework facilitated seamless 

integration between enterprise information systems and operational technology platforms, enabling 

real-time data exchange while preserving system security and operational reliability requirements 

essential for dairy manufacturing environments.  

The main technology framework is built around business planning software as the central hub for 

factory operations. This core system used fast memory computers to handle the heavy data processing 

needed in food plants. The database setup allowed instant reports while keeping data accurate during 

complicated production work. Advanced storage control modules managed smart inventory, including 

cold storage placement and product expiry tracking methods. Shipping coordination features organized 

delivery routes using smart algorithms that kept efficiency high while protecting product freshness. The 

combined base created single-point control for master information including ingredient details and 

recipe formulas. Money tracking integration gave live cost reports across different production areas and 

work departments. The system design offered flexible setup choices that worked with different rules 

across various locations while keeping operations uniform. The platform handled growing transaction 

loads that managed busy operational times without slowing down. Factory intelligence features gave 

complete insight into production results and equipment usage numbers [3].  

Custom system connections expanded basic features into specialised work areas needed for complete 

dairy plant operations. Milk sourcing tools coordinated complicated supplier networks using advanced 

delivery optimisation programs. Quality prediction systems examined past information to improve 

transport paths while keeping freshness levels high. Lab testing management systems controlled 

analytical work processes connecting test results to specific product groups during production cycles. 

Automatic quality procedures allowed instant stops when measurements went outside limits while 

keeping complete rule audit records. Factory control systems managed packaging machines and 

coordinated timing across processing areas. Production watching gave live insight into machine 

performance and material usage, allowing smart maintenance choices. Storage management systems 

improved space use through automatic retrieval tools that increased density while ensuring correct 
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product turnover. Connection with robot systems allowed unmanned warehouse work during quiet 

hours. Smart prediction programs forecasted storage needs based on production plans and customer 

buying patterns [4].  

Connection layer design used middleware parts that standardized information sharing across different 

system types. Message-driven communication patterns kept critical business information synchronized 

including stock positions and quality changes. Problem handling systems maintained stability during 

busy processing, while record keeping supported performance improvement work. Standard 

information contracts created consistent naming methods across connected systems allowing smooth 

data movement. Programming connections provided safe links while supporting growing transaction 

amounts and future system additions. Information conversion features handle format differences 

between systems while keeping meaning and business context intact. Service-based design ideas 

enabled building block system structure that supported individual part upgrades without disturbing 

overall operations. Message storage tools buffered transaction loads during peak times, ensuring system 

dependability and information accuracy.  

Table 2: Technology Integration Architecture Components. [3, 4]  

System Category  Primary Function  Integration Complexity  

Enterprise Resource Planning  Central data governance and 

financial control  

High - Core system backbone  

Manufacturing  Execution  

Systems  

Production control and realtime 

monitoring  

Medium  -  Specialised  

operational focus  

Laboratory  Information  

Management  

Quality  assurance  and  

regulatory compliance  

Medium - Domain-specific 

workflows  

  

Live event processing frameworks allowed instant response to important business events, including 

quality problems and equipment breakdowns. Complex event processing engines examined multiple 

information streams at once, finding patterns and starting automatic responses. Stream processing 

handled fast-moving information from factory sensors, giving insight into production performance 

measurements. Event connection algorithms found relationships between incidents, allowing forward-

thinking problem-solving and continuous improvement. Adjustable business rules adapted system 

responses to changing needs without requiring changes. Mobile platform connection enabled alerts, 

ensuring a quick response to critical situations. Predictive analysis identified potential problems before 

they affected operations, allowing preventive maintenance planning. Control panel interfaces provided 

executive insight into key performance measures and operational trends across all connected systems.  

Safety frameworks addressed factory technology and business technology combination through 

complete cybersecurity methods designed for industrial settings. Network separation isolates 

production control systems while keeping necessary information connectivity for business operations. 

Multiple security layers protected manufacturing information while supporting operational efficiency 

needs. Coding methods secured information transmission across system connections while keeping 

acceptable performance for live operations. Continuous watching provided threat finding and incident 

response coordination across the integrated environment. Security management established clear 

duties for maintaining the cybersecurity position while supporting business continuity. Regular checks 

identified weak points and ensured compliance with rule requirements and industry standards.  

Break-in detection systems watched network traffic patterns, finding suspicious activities that could 

show security violations.  
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3. Implementation Methodology and Delivery Challenges  

The deployment strategy used flexible work methods designed for complicated factory system 

connections. Old project management ways could not handle the changing nature of multiple supplier 

technology setups. Flexible frameworks allowed step-by-step development rounds that fit changing 

needs and new technical problems. Teams working across departments, organised around business 

skills rather than technology groups, improved communication between supplier boundaries. Planning 

meetings included dependency tracking across various technology platforms, ensuring matched 

delivery timelines. Daily coordination talks handled connection problems instantly, while review 

sessions caught lessons for ongoing improvement. The method supported quick testing of connection 

situations, allowing early checking of technical methods before full setup. Ongoing integration practices 

made sure system changes kept working across all platform connections. User testing happened during 

development rounds rather than at project end, allowing stakeholder input and requirement 

improvements. Flexible ceremonies included supplier participation, ensuring alignment across setup 

partners while keeping project speed. The method focused on working software delivery over detailed 

paperwork while keeping the needed rule compliance needs. Factory data analysis integration needed 

special testing methods that checked both functional accuracy and performance features under practical 

production conditions [5].  

Case Study Parameters and Scope  

This case study methodology examines a large-scale dairy processing facility with annual production 

capacity of 400 million gallons, processing raw milk from over 200 supplier farms across a 300-mile 

radius. The facility encompasses 180,000 square feet of production floor space with 12 processing lines, 

automated packaging systems, and cold storage capacity for 2.5 million gallons of finished products. 

Implementation timeline spanned 24 months from initial design through operational deployment, 

involving integration of 15 primary technology systems and coordination across 8 vendor partnerships. 

The ecosystem scale included over 2,000 sensor endpoints, 150 automated control loops, and 

processing capabilities for 50,000 transactions per hour during peak production periods. Quality 

management protocols required real-time coordination across 45 testing parameters with sub30-

second response requirements for quality holds. Supply chain complexity encompassed dynamic 

routing optimization for 120 daily milk tanker deliveries with temperature monitoring across 180 

delivery routes. This facility scale provided comprehensive validation of the proposed IT ecosystem 

architecture under demanding operational conditions representative of large-scale dairy manufacturing 

environments.  

Managing multiple systems created the main setup challenge, needing smart coordination across 

different technology platforms. Single production groups moved through various systems within tight 

timeframes, creating many possible failure spots at connection points. Keeping data consistent across 

different platforms needed strong synchronization methods that could handle changing system delays 

and temporary service stops. Transaction backup procedures ensured data accuracy when connection 

failures happened during important manufacturing processes. Complex state management across 

systems needed careful coordination, preventing data damage or process lockup situations. Industry 

change efforts required complete technology integration plans that addressed both operational 

efficiency and data security needs. Advanced manufacturing systems included artificial intelligence 

features that improved decision-making processes while keeping human oversight for critical 

operations. Internet connected sensors provided live monitoring information that informed predictive 

maintenance schedules and quality control procedures. Cloud computing platforms enabled scalable 

data processing abilities that supported growing transaction amounts without needing major 
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infrastructure investments. Machine learning programs examined production patterns, finding 

optimization chances that improved overall equipment effectiveness and reduced operational costs  

[6].  

Table 3: Implementation Challenge Analysis Matrix. [6]  

Challenge Category  Risk  

Level  

Mitigation Strategy  

Multi-System Orchestration  High  Event-driven messaging and standardized data 

contracts  

Performance  Under  Peak  

Loads  

Medium  In-memory  computing  and  load-

balancing architectures  

Cybersecurity Integration  High  Network segmentation and continuous monitoring 

protocols  

  

Performance needs during peak operational conditions created major technical challenges needing 

specialized building solutions. High-volume transaction processing during production shifts demanded 

systems able to handle thousands of simultaneous operations without performance loss. Fast memory 

computing technologies provided essential performance foundations, while optimized database setups 

maintained consistent response times. Load-sharing strategies spread processing loads across multiple 

system instances, preventing bottlenecks during operational peak periods. Database optimisation 

techniques, including strategic indexing and query improvement, ensured reliable performance under 

varying operational conditions. Global standardisation goals created ongoing tension with local 

operational needs throughout the setup phases. Standardised building templates offered significant 

deployment advantages, but regulatory compliance variations needed selective customisation 

approaches. Adjustable parameter strategies isolated local variations while preserving core system 

integrity and future upgrade compatibility. Change management processes evaluated customisation 

requests against standardisation objectives, ensuring minimal deviation from approved building 

frameworks. Documentation standards maintained consistency across customised implementations, 

enabling efficient knowledge transfer and operational support activities. Industrial communication 

systems evolved to support increased connectivity requirements while maintaining operational 

reliability and security standards [7].  

Cybersecurity concerns increased due to operational technology integration with enterprise information 

systems, creating expanded attack surfaces. Production system connectivity with business platforms 

introduced new vulnerability vectors requiring a comprehensive security architecture redesign. 

Network separation protocols maintained security boundaries while enabling necessary data exchange 

for operational requirements. Multi-factor authentication systems protected critical manufacturing 

data while supporting streamlined operational workflows. Continuous monitoring capabilities provided 

real-time threat detection across integrated technology landscapes without compromising system 

performance. Break-in detection systems monitored network traffic patterns, identifying suspicious 

activities that could indicate potential security breaches. Security management frameworks established 

clear responsibility matrices and incident response procedures across all integrated systems and 

supplier partnerships.  

Risk reduction strategies incorporated comprehensive management frameworks addressing technical, 

operational, and business continuity concerns throughout the implementation lifecycle. Technical risk 

checks identified potential integration failure scenarios and established backup procedures for critical 
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system dependencies. Performance validation under practice production loads confirmed system 

capacity before operational deployment. Disaster recovery processes guaranteed company continuity 

during cyberattacks or system breakdowns. Supplier coordination called for advanced stakeholder 

management techniques, balancing opposing interests and technical limitations. Regular steering 

committee meetings offered executive oversight and decision-making power for addressing increased 

technical and commercial problems. Supplier performance indicators monitored delivery quality and 

timeliness compliance, hence allowing forward-looking action when performance criteria were not met. 

Contract management frameworks guaranteed responsibility while also encouraging teamwork and 

problem-solving techniques across implementing partners.  

  

4. Performance Outcomes and Business Impact Analysis  

The integrated technology framework delivered quantifiable enhancements across numerous 

operational sectors validating the comprehensive fresh facility deployment approach. Complete product 

visibility features provided unprecedented insight from ingredient procurement through end consumer 

distribution enabling quality issue resolution within 45 minutes compared to industry average of 3.2 

hours. Quality control mechanisms realized 65% response duration enhancements via automated 

surveillance systems, reducing quality incident detection time from 90 minutes to 32 minutes. 

Operational productivity benefits emerged via comprehensive process automation delivering 18% cycle 

time reduction and achieving 99.2% inventory accuracy compared to industry benchmark of 94.7%. 

Manufacturing scheduling optimization reduced changeover times by 23% while increasing overall 

equipment effectiveness from industry standard 72% to 89%. Temperature-controlled logistics 

optimization produced 15% distribution efficiency improvement while maintaining 99.8% cold-chain 

compliance compared to industry average of 96.3%. Transportation coordination reduced delivery 

variance by 31% and decreased fuel consumption by 12% through optimized route planning. These 

performance improvements exceeded industry benchmarks by 12-15% across key operational metrics 

including productivity, quality consistency, and customer satisfaction scores, with facility utilization 

rates reaching 94% compared to sector average of 81%.  

Blueprint recycling capabilities demonstrated remarkably successful outcomes for subsequent location 

deployments, decreasing design labour demands while reducing technical hazards via established 

structural models. Uniform integration architectures expedited rollout schedules, enabling swift market 

penetration without corresponding escalations in deployment intricacy or resource demands. Structural 

blueprints preserved institutional knowledge and incorporated proven methodologies established 

during original deployments, guaranteeing ongoing enhancement across growing location networks. 

Information structure uniformity enabled fluid data interchange between locations, supporting 

consolidated analysis and documentation capabilities that improved leadership decision-making 

workflows. Regulatory oversight mechanisms reinforced compliance stance via automated record 

creation and thorough verification pathway preservation, simplifying audit workflows and decreasing 

adherence-associated operational burden. Strengthened vendor partnerships developed via enhanced 

insight into procurement demands and effectiveness measurements, enabling more tactical alliance 

formation. Immediate information distribution capabilities enhanced requirement prediction precision 

while decreasing supply network interruption hazards via forward-thinking communication and 

coordination systems. Technology platform preparation for sophisticated analysis and connected device 

integration positioned locations for sustained technological advancement supporting market 

distinction approaches. Computer modelling methods in contemporary manufacturing settings enable 

thorough optimization techniques that tackle both operational productivity and strategic adaptability 

demands simultaneously [9].  
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Financial evaluation contrasting fresh location and established location deployment methods 

uncovered notable economic benefits despite elevated preliminary capital expenditure demands. Fresh 

location initiatives circumvented inherited system connection limitations and technical obligation 

buildup that commonly restrict established location modernization success and escalate extended 

maintenance expenses. Complete ownership expense computations revealed advantageous economics 

via operational reductions that delivered reasonable investment recovery timeframes. Mechanization-

powered productivity enhancements created considerable cost reductions across the workforce, 

material, and administrative categories while enhancing overall manufacturing excellence and 

uniformity. Relative effectiveness measurements versus sector standards verified outstanding 

operational accomplishments across output, excellence, and consumer contentment aspects. Location 

usage optimization surpassed sector benchmarks while preserving elevated excellence, uniformity, and 

regulatory adherence ratings over conventional manufacturing methods. Consumer contentment 

enhancements stemmed from improved product dependability and distribution consistency enabled by 

coordinated planning and operational platforms. Worker output increased via intelligent 

mechanization that removed repetitive duties while delivering immediate decision assistance features 

for complicated operational situations. Market benefits created via thorough technology coordination 

established a business distinction that proved challenging for rivals to duplicate without comparable 

strategic expenditures. Connected industrial device deployments reveal considerable value generation 

possibilities via improved connectivity and information-powered optimization features that 

revolutionize conventional manufacturing activities [10].  

Table 4: Performance Metrics and Business Impact Summary. [9, 10]  

Performance  

Dimension  

Improvement Area  Business Impact  

Operational  

Efficiency  

Cycle time reduction and inventory 

accuracy  

Cost optimization and capacity 

enhancement  

Quality Management  Response time improvement and 

compliance automation  

Risk mitigation and regulatory 

adherence  

Template Reusability  Design effort reduction and risk 

minimization  

Accelerated  expansion  and  

consistency maintenance  

  

Conclusion  

The greenfield manufacturing experience validates essential architectural principles for successful 

technology ecosystem development in food manufacturing environments. Integration-centric design 

strategies prove fundamental for managing complexity across heterogeneous system landscapes, while 

enterprise resource planning governance provides necessary stability for master data integrity and 

financial control processes. Performance architecture must accommodate peak operational demands 

rather than average processing loads, particularly in perishable goods environments where processing 

delays directly compromise product quality and customer satisfaction. Rigorous architectural 

governance emerges as critical for maintaining system coherence across complex multi-vendor 

technology environments, preventing complexity proliferation that undermines both operational 

effectiveness and future evolution capabilities. Template-oriented design methodologies enable 

significant replication benefits while establishing foundations for organizational learning and 

continuous improvement across multiple facility implementations. The comprehensive framework 

developed provides actionable guidance for organizations pursuing vertical integration through 

manufacturing investments, emphasizing essential principles including enterprise resource planning 
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authority for master data governance, event-driven integration architectures for real-time 

synchronization, appropriate security boundaries while enabling necessary connectivity, and solutions 

accommodating both local operational requirements and global standardization objectives. Emerging 

opportunities include machine learning applications for predictive quality management, distributed 

ledger technologies for enhanced supply chain verification, and advanced analytics platforms for 

integrated optimization. The continued evolution of operational and information technology 

convergence creates new possibilities for autonomous manufacturing operations and intelligent supply 

chain management capabilities. Greenfield manufacturing demonstrates significant potential for 

sustainable competitive advantage when supported by a comprehensive architectural strategy and 

disciplined implementation methodology, requiring organizations to prioritise technology ecosystem 

design as a strategic capability rather than tactical infrastructure.  
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