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1.Purpose and Scope
1.1 Purpose of this document
The purpose of this document is to explain how the VISION solution transforms the supply chain weaknesses identified in D1.1 and the requirements defined in D1.2 into operational, economic, and environmental value. From the perspective of our use case, this document will demonstrate which business problems are addressed by the digital twin, data analytics, and optimisation-based solution to be developed for aviation logistics and warehouse operations, what kind of value it creates, and how this value can be measured.
1.2 Scope of this document
This deliverable defines the business model, value creation mechanisms, and expected operational, economic, and sustainability impacts of the VISION solution based on the supply chain weaknesses identified in D1.1 and the system requirements defined in D1.2.
It provides a structured, use case–driven framework for assessing how system capabilities translate into measurable value and impact across the supply chain.
2. Executive Impact Summary
VISION represents a transition from conventional warehouse and logistics operations monitoring towards a more intelligent, visible, and decision-supported structure. This transformation will be enabled by combining real-time operational data with digital twin structures, interpreting it through analytical methods, and supporting it with optimisation logic.
This solution is strategically important for aviation logistics, because stock accuracy, part availability, reliability of preparation processes, and prevention of delays are critical issues in this sector. Making warehouse and shipment preparation processes digitally visible and manageable will enable faster decision-making, better coordination, and higher operational efficiency.
From an economic perspective, the solution is expected to improve labour efficiency, reduce operational errors, enhance inventory visibility, and increase planning quality. From a sustainability perspective, better loading plans, more effective shipment preparation, and more efficient use of resources are expected to reduce unnecessary transportation and operational losses.
3.Value Creation Logic (Link to D1.1 and D1.2)
ALPATA:
	Supply Chain Weakness (D1.1)
	Related Requirement (D1.2)
	VISION Capability
	Operational Change
	Business Value

	Lack of real-time visibility in warehouse and shipment preparation processes
	Real-time and integrated monitoring of inventory, preparation, and operational data
	Digital twin-based operational visibility
	Operators and managers can monitor the current situation more accurately
	Improved decision quality and reduced delays

	Lack of coordination in parts and material flow
	Data-supported management of warehouse and shipment planning
	Data analytics + optimisation support
	Preparation and loading processes are managed more efficiently
	Increased efficiency and reduced operational losses

	Manual decision processes and fragmented information structure
	Development of decision-support mechanisms
	Analytical decision support and intelligent query-based interaction
	Faster access to critical information
	Time savings, fewer errors, and higher operational reliability


 


NETCAD (Mining)	Comment by Feyza Nur Genç: Highlighted sections indicate use case owner input required. Please replace with your content and check title for your use case.

	Supply Chain Weakness (D1.1)
	Related Requirement (D1.2)
	VISION Capability
	Operational Change
	Business Value

	Inadequate use of digital twin technologies in mines and mine transport; limited real-time operational visibility
	Distributed, standards-based and semantically interoperable representation of mine and transport operations
	GIS-anchored mine and transport digital twin built on geographic, road and infrastructure data
	Mine site operations and haulage routes are modelled and monitored in near real time
	Higher operational efficiency, fewer bottlenecks and reduced resource loss

	Inability to perform dynamic route optimisation using real or near real-time data
	Dynamic route optimisation fed by live IoT / field data
	Engineering-based route optimisation (fuel, time, CO₂) and N-vehicle / N-point simulation
	Haulage and transport routes are optimised dynamically as conditions change
	Lower fuel and operating cost, shorter cycle times and lower emissions

	Poor capture of road, infrastructure and geographic detail; IoT data transferred without cleaning
	Reliable collection, cleaning and integration of transport-relevant data; data quality assurance
	IoT data ingestion and cleaning plus road / structure deformation monitoring (drones, IoT)
	High-quality, trustworthy data continuously feeds the digital twin
	Better decision accuracy and lower maintenance and disruption risk

	Authorisation and security issues in accessing critical mining and transport data
	Security and authorisation configuration for shared digital twins
	Role-based security and authorisation layer for shared digital twins
	Critical data is shared safely across mine, transport and authority stakeholders
	Trust, regulatory compliance and safer data collaboration




EMS (FabricationConstruction Supply Chain)

	Supply-chain weakness
	VISION capability
	Operational change
	Business value

	Limited real-time visibility of orders and work-in-progress across fabrication processes
	Digital Twin integrating production, order and supplier status
	Managers obtain near-real-time visibility of each job, component and production stage
	Reduced delays, improved delivery predictability and better customer service

	Fragmented data between customer, fabricator, suppliers and logistics providers
	Standards-based data model and secure interfaces
	Production and supply-chain information can be shared without manual reconciliation
	Lower administration effort, fewer errors and improved collaboration

	Late identification of shortages, production delays or quality problems
	Edge data collection, analytics and predictive monitoring
	Exceptions are identified earlier and corrective action can be taken before delivery is affected
	Reduced disruption, rework and expediting cost

	Poor component-level traceability
	Digital product/component history linking source, production, quality and logistics data
	Components can be traced from material receipt through fabrication and delivery
	Improved quality assurance, provenance and customer confidence

	Limited visibility of energy and carbon associated with individual products/orders
	Production and supply-chain energy/carbon data captured within the Digital Twin
	Energy, transport and carbon can be associated with jobs or components
	Better sustainability reporting and identification of lower-carbon production options






META REAL (Warehouse and cargo loading system)
	Supply Chain Weakness (D1.1)	Comment by Fırat ONAR: Contribution from Innova's perspective
	Related Requirement (D1.2)
	VISION Capability
	Operational Change
	Business Value

	Fragmented visibility and weak third-party interoperability
	Digital Twin update with loading plans, cargo data and operational status
	Digital Twin-based synchronization of loading workflow data
	Warehouse, loading and logistics planning data become more consistent
	Better coordination, fewer manual reconciliations, improved planning reliability

	Limited real-time location context in warehouse execution
	AR-based cargo loading guidance using UWB/RTLS location data where available
	AR-guided operator support using external location input
	Operators can locate, verify and stage cargo with visual guidance
	Reduced search time, fewer manual checks, lower error rate

	Packing and loading planning is inconsistent and not constraint-based
	Packing/loading optimisation based on cargo and vehicle constraints
	Constraint-based packing and loading recommendation
	Loading supervisors receive suggested pallet and vehicle loading plans
	Higher load utilisation, reduced rehandling, shorter loading time

	Loading and transport decisions are not sufficiently connected
	Loading plans aligned with vehicle capacity and delivery constraints
	Loading optimisation feeding transport preparation decisions
	Shipment preparation becomes more consistent with vehicle capacity and dispatch needs
	Better vehicle utilisation, fewer unnecessary trips, improved delivery readiness

	Sustainability and net-zero readiness are not decision-grade
	Net-zero optimisation based on loading efficiency and vehicle utilisation
	Carbon-aware loading and consolidation assessment
	Loading decisions can be evaluated against load factor and emission impact
	Lower transport-related emissions, improved sustainability reporting



4. Strategic Relevance
This solution is strategically important for ALPATA and the target operational environment, because visibility, accuracy, coordination, and timely intervention in aviation logistics directly affect operational success. Supporting warehouse and supply chain processes through digital twins and analytical methods not only improves current operations, but also enables a transition towards a more resilient and data-driven structure.
The solution is aligned with the European Green Deal and sustainability objectives, as it has the potential to reduce environmental impact through improved resource utilisation, reduced unnecessary operations, and more efficient logistics planning.
At the same time, this approach is consistent with digital transformation and the Industry 5.0 perspective. Systems that support human decision-making, operate with real-time data, and improve operational flexibility are among the key elements of next-generation industrial digitalisation.
From a supply chain resilience perspective, the solution will support earlier identification of disruption risks, increased visibility in critical processes, and faster response to changing conditions.
NETCAD (Mining)

This solution is strategically important for NETCAD and the mining use case, because the mining sector faces sustained pressure from rising CAPEX, OPEX and labour costs, persistent operational inefficiency, and tightening climate-related regulation. Mining accounts for an estimated 4–7% of total global carbon emissions, which places the sector directly in the path of European Union and international decarbonisation policy. Applying GIS-based digital twins, route optimisation and analytical methods to mine operations and mine transport improves day-to-day efficiency while enabling a transition towards a more sustainable, data-driven and resilient operating model.
The solution is aligned with the European Green Deal and net-zero objectives, as optimised haulage routes, reduced idle time and more efficient resource use can measurably reduce fuel consumption and carbon emissions, and can generate the baseline data required for carbon-policy and net-zero reporting (including emerging mechanisms such as CBAM).
The approach is also consistent with digital transformation and the Industry 5.0 perspective: systems that support human decision-making, operate on real-time field data and improve operational flexibility are core to next-generation industrial digitalisation. From a resilience perspective, the solution supports earlier identification of route, road and equipment risks, dynamic re-routing during maintenance or disruption, and faster response to changing field conditions. NETCAD’s leadership in GIS (an estimated 85% market share in mapping and GIS solutions in Türkiye) and its established smart-mining footprint (600+ mining licences) provide a strong platform to deliver this value at scale.


EMS (ConstructionFabrication Supply Chain)

UK manufacturing and fabrication businesses operate in increasingly competitive supply chains in which customers expect shorter lead times, better delivery predictability, product traceability and evidence of environmental performance. At the same time, manufacturers face pressure from labour, material and energy costs.

VISION provides an opportunity to improve competitiveness by connecting production, supplier and logistics information through a Digital Twin rather than treating these activities as separate systems. For EMS, the strategic opportunity is therefore broader than the original construction-material use case. The same VISION technologies can be applied to fabrication and manufacturing supply chains, particularly SMEs and specialist suppliers where sophisticated Industry 4.0 systems can otherwise be difficult or expensive to deploy.

Construction remains an important downstream application, particularly for off-site manufacture and fabricated components, but EMS will place greater commercial emphasis on the more stable and diversified manufacturing/fabrication market.

META REAL (Warehouse and cargo loading system)
 
5. Market Opportunity
5.1 Target Market Description
The target market consists of aviation logistics, warehouse operations, and industrial supply chain environments requiring complex inventory and shipment management. The solution is particularly suitable for the following customer profiles:
· companies managing aviation supply chain and warehouse operations 
· airport logistics and ground service structures 
· warehouse and shipment operations requiring high visibility and coordination 
· manufacturing and logistics organisations managing critical part, material, and inventory flows 
The initial geographic focus may be Türkiye and European markets with similar operational needs.




NETCAD (Mining)

The target market consists of mining operators and mine sites, quarry and aggregate producers, and the engineering and consultancy firms that serve them, together with the haulage and transport operations that move extracted resources. The solution is particularly suitable for the following customer profiles:
• mining companies seeking operational efficiency and route optimisation across mine sites
• quarry, aggregate and extractive operations managing intensive in-site and outbound haulage
• mine planning, engineering and surveying organisations requiring GIS-based digital representation
• mining-sector sustainability and ESG functions that must measure and reduce carbon emissions
• public mining authorities and infrastructure stakeholders requiring road and transport oversight
The initial geographic focus is Türkiye, where NETCAD holds a leading position, with subsequent expansion to the Turkic Republics, Southern Asia and European markets with similar operational and regulatory needs.


EMS (Construction Supply Chain)

The initial target market is UK small and medium-sized manufacturers and fabricators operating multi-stage, make-to-order or engineer-to-order supply chains.

Target customers include:

· specialist engineering and component manufacturers
· metal and structural fabricators
· off-site and modular manufacturers
· suppliers of fabricated assemblies to construction, infrastructure, energy and transport markets
· manufacturers operating distributed production or subcontract supply chains
· businesses requiring improved product traceability, quality records or carbon reporting

The strongest initial opportunities are organisations that have ERP or production systems but lack real-time integration between shop-floor production, suppliers, logistics and customer-facing delivery information.

META REAL (Warehouse and cargo loading system)
 
5.2 Market Size Estimation
The addressable market for this solution consists of organisations in logistics and warehouse management that require digitalisation, real-time visibility, and operational optimisation. In particular, the demand for data-driven and decision-supported systems is increasing in aviation, manufacturing, and industrial logistics sectors.
In the first stage, the target market will consist of corporate structures operating in aviation and warehouse environments of a certain scale. In the medium term, the solution is also expected to be applicable to the broader logistics and supply chain management market.
NETCAD (Mining)

The global mining market was estimated at approximately USD 1,105.94 billion in 2023 and is expected to reach about USD 1,425.16 billion by 2028, at a compound annual growth rate of around 5.3%. The sector is directly affected by the climate-change policies of the European Union and many other countries, and accounts for an estimated 4–7% of total global carbon emissions, driving strong demand for efficiency and decarbonisation solutions.
Industry analysis indicates a current operational inefficiency rate of around 28% compared with the early 2000s, equivalent to roughly USD 280 billion of inefficient management at current market size. By introducing digital twins, route optimisation and related capabilities, the VISION solution is expected to reduce these inefficiencies by an estimated 2–4%, corresponding to potential efficiency gains in the order of USD 5.6 billion across the sector. The addressable market for NETCAD consists of mining organisations pursuing optimisation, with NETCAD’s existing base of 600+ mining licences providing an immediate beachhead for adoption.


EMS (Construction Supply Chain)

META REAL (Warehouse and cargo loading system)
 
5.3 Competitive Landscape
The market already includes warehouse management systems, logistics analytics platforms, and some digital twin-oriented solutions. However, a significant number of these solutions either focus only on data visualisation or address operational optimisation as a separate layer.
The main differentiating factor of the approach to be developed under VISION is that it combines real-time operational data, digital twin representation, analytical decision support, and optimisation logic within one integrated framework. Its adaptation to a highly sensitive domain such as aviation logistics further strengthens its competitive position.
NETCAD (Mining)

The market already includes mine-planning and design software, fleet- and haulage-management systems, and GIS platforms. However, a significant number of these solutions address only a single layer — for example mine design, fleet telematics, or map visualisation — in isolation from one another.
The main differentiating factor of the NETCAD approach within VISION is that it combines authoritative GIS and engineering data, a distributed mine-and-transport digital twin, dynamic route optimisation, and net-zero baseline calculation within one integrated framework. NETCAD’s deep repository of geographic, road and infrastructure data, its 30+ years of engineering experience, and its estimated 85% GIS market share in Türkiye further strengthen its competitive position in the mining and smart-mining domains.


EMS (Construction Supply Chain)

Existing manufacturers typically obtain elements of this functionality from ERP, MES, production monitoring, IoT platforms, supply-chain management products and increasingly Digital Twin platforms. These systems can be comprehensive, but integration across smaller manufacturers and their supply-chain partners remains difficult.
VISION is not intended to replace ERP or MES. The competitive differentiation is an integration and intelligence layer combining:
· interoperable Digital Twins 
· real-time edge data acquisition 
· production and supply-chain visibility 
· predictive analytics 
· secure data exchange between organisations 
· traceability and provenance 
· energy and carbon information 
EMS's opportunity is therefore to integrate existing operational systems and data rather than requiring customers to replace them.


META REAL (Warehouse and cargo loading system)

6.Stakeholder Value Mapping
	Stakeholder
	Current Challenge
	Benefit from VISION
	Measurable Outcome

	Warehouse operators
	Fragmented information, manual tracking, delayed visibility
	Better visibility and decision support
	Reduced preparation time and lower error rate

	Logistics planners
	Difficulty in shipment and loading decisions
	Better planning and optimisation support
	Improved loading efficiency and fewer delays

	Managers
	Inability to monitor operational performance in real time
	Real-time visibility of operational status
	Faster decision-making

	Supply chain managers
	Late identification of critical part and material risks
	Earlier visibility of risks
	Reduced disruption risk

	Customers / operational beneficiaries
	Fluctuations in delivery and preparation reliability
	More reliable process outputs
	Improved service quality


 
NETCAD (Mining)

	Stakeholder
	Current Challenge
	Benefit from VISION
	Measurable Outcome

	Mine site operators / dispatchers
	Limited real-time visibility of equipment and haulage status
	Digital-twin visibility and decision support for mine operations
	Reduced idle time and improved haulage throughput

	Haulage / fleet managers
	Static, non-optimised routing and low vehicle utilisation
	Dynamic route optimisation and capacity matching
	Lower fuel cost and higher load / vehicle utilisation

	Mine planning & engineering teams
	Fragmented geographic, road and infrastructure data
	Standards-based GIS digital representation and 3D simulation
	Faster, more accurate planning and scenario analysis

	Sustainability / ESG officers
	Difficulty measuring operational carbon emissions
	Net-zero baseline data from transport and operations
	Quantified CO₂ per tonne extracted / transported

	Mining company management
	Inability to monitor operational performance in real time
	Real-time operational status across sites and routes
	Faster decision-making and reduced CAPEX / OPEX

	Public authorities / infrastructure owners
	Late awareness of road and structure deformation risk
	Automated road / structure deformation monitoring and alerts
	Earlier intervention and reduced disruption risk




EMS (Construction Supply Chain)

	Stakeholder
	Current challenge
	VISION benefit
	Measurable outcome

	Production manager
	Limited visibility of WIP and emerging delays
	Real-time production Digital Twin
	Reduced schedule deviation and lead time

	Supply-chain/procurement manager
	Supplier status and shortages identified late
	Integrated supplier and material status
	Fewer shortages and expediting events

	Quality manager
	Production and inspection information held in separate systems
	Component-level traceability
	Reduced investigation time and improved quality records

	Operations director
	Difficult to identify bottlenecks across production
	Analytics and exception reporting
	Increased throughput/productivity

	Customer/project manager
	Limited information on order status
	Trusted production and delivery status
	Improved on-time delivery

	Sustainability/ESG manager
	Weak product-level energy/carbon data
	Energy and carbon information associated with production
	CO₂e and energy per component/order

	IT/OT team
	Multiple disconnected systems
	Edge integration and common data model
	Reduced manual data transfer and improved interoperability




META REAL (Warehouse and cargo loading system)
	Stakeholder	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
	Current Challenge
	Benefit from VISION
	Measurable Outcome

	Warehouse operators
	Item locations and loading tasks may require manual checks, causing search time and execution errors.
	AR-based guidance supports item locating, verification and loading actions using available location data.
	Reduced search time, lower picking/loading error rate.

	Loading supervisors
	Packing and loading decisions depend heavily on operator experience and are not always constraint-based.
	AI-supported packing/loading recommendations consider cargo dimensions, weight, vehicle capacity and compatibility constraints.
	Improved loading efficiency, reduced rehandling, higher vehicle/load utilization.

	Logistics planners
	Loading plans and transport preparation are not always synchronized with vehicle capacity and delivery constraints.
	Loading plans become more consistent and can support transport preparation decisions.
	Shorter preparation time, fewer dispatch delays, better delivery readiness.

	Operations / warehouse managers
	Operational status is fragmented across warehouse, loading and planning processes.
	Digital Twin updates provide a more consistent view of cargo data, loading plans and loading status.
	Improved operational visibility, fewer manual reconciliations.

	Sustainability / ESG officers
	Carbon impact is often calculated after operations and is not directly linked to loading decisions.
	Net-zero assessment links loading efficiency, consolidation and vehicle utilization with emissions impact.
	Improved load factor, estimated CO₂ reduction, better sustainability reporting input.

	IT / integration teams
	Location, warehouse, AR and planning data may come from different systems and partners.
	Integration of AR, AI, Digital Twin and external UWB/RTLS data inputs supports a connected loading workflow.
	Reduced integration gaps, improved data availability and update consistency.



 
7. Innovation-Based Business Model
7.1 Value Proposition
The value proposition offered by ALPATA within the scope of VISION is a digital twin-supported decision-support solution that makes warehouse and logistics operations more visible, more predictable, and more optimised.
This value proposition particularly includes:
· real-time warehouse and operational visibility 
· data-supported management of inventory and preparation processes 
· analytical support for operational planning 
· optimisation opportunities in loading, palletisation, and shipment preparation 
· potential future intelligent user interaction through query-based interfaces

NETCAD (Mining)

The value proposition offered by NETCAD within the scope of VISION is a GIS-anchored, digital twin–supported decision-support solution that makes mine operations and mine transport more visible, more predictable and more optimised. This value proposition particularly includes:
• real-time operational visibility of mine sites and haulage through a distributed digital twin
• standards-based, semantically interoperable representation built on rich geographic and engineering data
• dynamic route optimisation across fuel, time and CO₂ using live IoT and field data
• 3D visualisation and simulation of route-optimisation scenarios (N vehicles to N points)
• road and structure deformation monitoring using drones and IoT, with automated alerting
• net-zero baseline data generation to support carbon measurement and reporting

EMS (Construction Supply Chain)
VISION enables manufacturers and fabricators to create a real-time digital representation of an order, component or assembly as it progresses through production and the wider supply chain.
By combining production data, supplier information, quality records, logistics status and sustainability information, VISION enables earlier identification of delays and bottlenecks, improved component traceability and better evidence-based production decisions.
EMS will focus particularly on providing this capability to SMEs and mid-sized manufacturers through an edge-enabled solution that can integrate existing systems without requiring wholesale replacement of ERP, MES or production equipment.


META REAL (Warehouse and cargo loading system)
 Innova contributes to the Warehouse and Cargo Loading use case by supporting AR-guided cargo loading, packing/loading optimization, Digital Twin integration and net-zero decision support. The value proposition is to make loading operations more efficient, less error-prone and more sustainability-aware by combining cargo/vehicle constraints, operational data and carbon-related indicators.	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case

7.2 Productization Strategy
The solution can be offered through different productization models depending on customer needs. For large corporate customers, project-based deployment and on-premise installation may be preferred. For more modular needs, a cloud-based or software-as-a-service model can be considered. In addition, the solution can be packaged as a core platform plus advanced analytics and optimisation modules.
Possible productization options include:
· enterprise integration and custom deployment 
· licensing 
· SaaS-based modular usage 
· consultancy + integration + maintenance services

NETCAD (Mining)

The solution can be offered through different productization models depending on customer needs, and can be integrated into NETCAD’s existing portfolio of 50+ desktop, web and mobile modules and its established smart-mining product line. For large mining operators, project-based deployment and on-premise installation may be preferred. For more modular needs, a cloud-based or software-as-a-service model can be offered. Possible productization options include:
• integration of VISION outputs into NETCAD’s existing GIS, mining and engineering modules
• enterprise integration and custom on-premise deployment for large mine operators
• cloud / SaaS-based modular usage (transport digital twin, route optimisation, net-zero modules)
• licensing of the core platform plus advanced analytics, simulation and optimisation modules
• consultancy, integration and maintenance services leveraging NETCAD engineering expertise


EMS (Construction Supply Chain)

EMS intends to productise the VISION results as a modular industrial Digital Twin and supply-chain visibility solution rather than a single bespoke application.
Initial product modules are expected to include:
1. Edge Data Gateway for securely collecting production, sensor and machine information. 
2. Manufacturing Digital Twin representing orders, components, production state and relevant supply-chain information. 
3. Traceability Module linking materials, operations, quality events and delivery information. 
4. Analytics and Exception Monitoring identifying delays, shortages and production anomalies. 
5. Energy and Carbon Module associating energy and supply-chain carbon information with production. 
Deployment could be cloud, edge or hybrid depending upon customer requirements and OT/security constraints.


META REAL (Warehouse and cargo loading system)
 
7.3 Revenue Model
The revenue model can be structured flexibly depending on customer type and usage scenario. Possible revenue streams include:
· initial installation and integration revenue 
· annual license or subscription revenue 
· user / facility / module-based pricing 
· premium pricing for advanced analytics and optimisation modules 
· maintenance, support, and update services 
This structure makes it possible both to provide tailored solutions for large corporate customers and to develop more scalable service models.

NETCAD (Mining)

The revenue model can be structured flexibly depending on customer type and usage scenario, and can leverage NETCAD’s existing base of 600+ mining licences for upsell. Possible revenue streams include:
• initial installation and integration revenue
• annual licence or subscription revenue (perpetual or SaaS)
• user / site / module-based pricing
• premium pricing for advanced route optimisation, simulation and net-zero modules
• maintenance, support and update services

EMS (Construction Supply Chain)

The anticipated EMS revenue model combines recurring software revenue with integration and managed-service revenue:
· initial discovery and integration fee 
· edge gateway/device revenue where required 
· recurring subscription per factory/site 
· optional modules for advanced analytics, traceability and carbon reporting 
· integration with ERP/MES/customer systems 
· support and managed-service contract 
· optional consultancy for Digital Twin and supply-chain implementation 
A site/module subscription model is considered more appropriate than purely per-user charging because value is generated from the monitored production operation rather than the number of individual users.


META REAL (Warehouse and cargo loading system)
 
8. Quantified Operational Impact
The solution is expected to create operational impact in the following areas:
· increased efficiency in warehouse processes 
· improvement in loading and preparation decisions 
· reduction in operational error rates 
· reduction in shipment preparation and coordination time 
· improvement in resource utilisation efficiency 
According to initial estimates, the following levels of improvement may be expected:
· 5–10% improvement in operational efficiency 
· 5–15% reduction in error rates 
· 5–10% reduction in preparation / planning times 
· around 5% improvement in resource and loading efficiency 
These figures will be updated based on use case validation and pilot results.

NETCAD (Mining)

The solution is expected to create operational impact in the following areas:
• increased efficiency in mine haulage and transport operations
• improvement in routing, dispatch and loading decisions
• reduction in equipment idle time and resource loss
• reduction in fuel consumption and haulage cycle times
• improvement in data quality and operational visibility
According to initial estimates, the following levels of improvement may be expected:
• 2–4% reduction in operational inefficiency, in line with VISION sector-level estimates
• 5–10% improvement in haulage and route efficiency
• 5–15% reduction in idle time and avoidable resource loss
• around 5% reduction in transport-related fuel use and emissions


EMS (Construction Supply Chain)

	KPI
	Initial VISION target

	Reduction in production/order status investigation time
	20%

	Reduction in manual data reconciliation
	20%

	Improvement in on-time delivery
	5%

	Reduction in avoidable production delay / waiting time
	5%

	Reduction in rework or quality-related administrative effort
	5%

	Reduction in material waste in selected processes
	5%

	Energy/carbon traceability
	Establish CO₂e / energy baseline per selected product or order




META REAL (Warehouse and cargo loading system)
	Impact Area	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
	Expected Effect

	Loading preparation time
	Reduction through AR-guided loading and better task guidance

	Loading / verification errors
	Reduction through visual guidance and structured loading checks

	Vehicle/load utilization
	Improvement through packing and loading optimization

	Rehandling / repacking
	Reduction through constraint-based loading recommendations

	CO₂ impact
	Potential reduction through improved consolidation and load factor



 
9.KPI Measurement Method
	KPI
	Measurement Source
	How It Is Measured
	Evaluation Period

	Reduction in preparation time
	WMS records / operational logs
	Comparison of average process duration before and after implementation
	Before pilot and 3 months after pilot

	Reduction in error rate
	Operational records / manual reports
	Number of faulty operations divided by total operations
	Monthly

	Improvement in inventory visibility
	System records
	Comparison of accuracy and access time
	Throughout the pilot

	Increase in loading efficiency
	Logistics planning records
	Monitoring loading density and utilisation rate
	Monthly / quarterly

	CO2 impact
	Transport and operational estimates
	Comparative estimation before and after improvement
	Post-pilot evaluation


 
NETCAD (Mining)

	KPI
	Measurement Source
	How It Is Measured
	Evaluation Period

	Haulage / route efficiency
	Fleet telematics, IoT and digital-twin logs
	Comparison of fuel and time per tonne-km before and after optimisation
	Before pilot and 3 months after pilot

	Reduction in cycle / idle time
	Operational and dispatch records
	Average haulage cycle and equipment idle time before vs. after
	Monthly

	Equipment / fleet utilisation
	Fleet and digital-twin records
	Monitoring load factor and vehicle utilisation rate
	Monthly / quarterly

	CO₂ impact
	Transport and operational estimates
	Comparative emission estimation before and after improvement
	Post-pilot evaluation

	Data quality / DT update latency
	System records
	Comparison of data accuracy and digital-twin refresh time
	Throughout the pilot




EMS (Construction Supply Chain)

	KPI
	Measurement source
	Method

	On-time delivery
	ERP/order records
	Compare percentage delivered on/before promised date

	Lead time
	ERP/MES/Digital Twin timestamps
	Order release to production completion

	WIP visibility
	Digital Twin/event records
	Percentage of selected production items whose current state is digitally known

	Manual reconciliation effort
	Staff activity/sample
	Hours spent obtaining/reconciling production status

	Production delay
	Production logs
	Waiting/idle hours attributable to missing material/information

	Quality/rework
	QMS/production records
	Rework events or cost per production batch

	Material waste
	Production/material records
	Waste kg or £ per output unit

	Energy intensity
	Meter/machine/edge data
	kWh per selected component/order

	Carbon intensity
	VISION sustainability calculation
	kgCO₂e per component/order
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	KPI	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
	Measurement Source
	How It Is Measured

	Loading preparation time
	Operational logs / AR app logs
	Average loading preparation duration before vs. after pilot

	Loading error rate
	Operational records / manual reports
	Number of loading or verification errors divided by total loading operations

	Loading efficiency
	Logistics planning records
	Loading density, space utilization or pallet/vehicle utilization rate

	Rehandling frequency
	Warehouse/loading records
	Number of repacking or rehandling events per shipment

	CO₂ impact
	Transport/loading estimates
	Estimated emission change based on load factor and reduced unnecessary trips



 
10. Financial Impact & ROI
10.1 Cost Reduction Potential
The solution is expected to reduce costs in the following areas:
· reduction of manual operational workload 
· reduction of inefficiencies caused by planning and coordination issues 
· reduction of losses caused by preparation and shipment errors 
· more efficient inventory and resource utilisation

NETCAD (Mining)

The solution is expected to reduce costs in the following areas:
• reduction of fuel and haulage costs through dynamic route optimisation
• reduction of equipment idle time and inefficiencies caused by poor coordination
• reduction of maintenance and disruption costs through road / structure deformation monitoring
• more efficient resource utilisation and contribution to CAPEX optimisation in mining activities

EMS (Construction Supply Chain)

Cost savings can result from:
· reduced administrative effort obtaining production and supplier status 
· less manual reconciliation between systems 
· fewer production interruptions caused by late identification of problems 
· reduced expediting and premium freight 
· reduced rework and material waste 
· improved utilisation of labour and production equipment 
· reduced energy consumption where inefficient processes can be identified 
The business case will be based on measurable savings at the pilot rather than generic industry percentages.


META REAL (Warehouse and cargo loading system)
 
10.2 Investment Requirements
The investment requirements are expected to arise mainly in the following areas:
· software development and system integration 
· adaptation of the data infrastructure 
· hardware/sensor or monitoring components if needed 
· pilot setup and validation activities 
· user adaptation and training activities

NETCAD (Mining)

The investment requirements are expected to arise mainly in the following areas:
• digital-twin and route-optimisation software development and system integration
• adaptation of the GIS and data infrastructure and creation of the standards-based data model
• IoT / edge devices on vehicles and equipment, and sensors / drones for road monitoring
• pilot set-up and validation activities at a mine site
• user adaptation and training activities for field and planning teams

EMS (Construction Supply Chain)

Customer investment is expected to include:
· VISION software and integration 
· edge computing/gateway equipment where required 
· interfaces to ERP, MES, QMS and machine/IoT data 
· additional sensors only where suitable operational data is unavailable 
· initial Digital Twin configuration 
· staff training and process adaptation 
A key objective of the EMS productisation strategy is to minimise new hardware by exploiting existing machine, control and enterprise-system data wherever practical.


META REAL (Warehouse and cargo loading system)
Investment requirements for Innova’s contribution mainly relate to AR application development, packing/loading optimization logic, Digital Twin/API integration, access to cargo and vehicle constraint data, and pilot validation activities. UWB/RTLS infrastructure is considered an external dependency provided by WP5 partners where available, not an Innova-owned investment item.	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
 
10.3 Estimated ROI Period
The return on investment period will depend on the scope of implementation and customer scale. According to the initial assessment, in medium-scale corporate usage scenarios, return on investment could be observed in the medium term, for example within 12–24 months. This estimate will become clearer based on pilot and implementation results.

NETCAD (Mining)

The return-on-investment period will depend on the scope of implementation and the scale of the mine operation and fleet. According to the initial assessment, in medium-scale mining usage scenarios return on investment could be observed in the medium term, for example within 12–24 months. Large operations with high haulage volumes may achieve faster payback due to the magnitude of fuel and cycle-time savings. This estimate will become clearer based on pilot and implementation results.


EMS (Construction Supply Chain)

The target commercial proposition will aim for a 12–24 month customer payback period, although actual ROI will depend strongly on production scale, existing digital maturity and the value of the problem being addressed.
During VISION, EMS will build an ROI calculator using measured reductions in labour effort, production delay, rework, waste, energy consumption and expediting costs. No universal payback figure will be claimed until pilot evidence is available.


META REAL (Warehouse and cargo loading system)
 
11. Sustainability Impact
The main sustainability contribution of the VISION solution is to enable more efficient use of resources and more accurate operational planning in warehouse and logistics processes. Better loading and shipment preparation can reduce unnecessary repetitions and inefficient operations. This, in turn, indirectly reduces environmental impact caused by energy, time, and transportation inefficiencies.
In particular, the following can contribute to reducing the carbon footprint:
· better operational planning 
· more efficient loading 
· fewer preparation errors 
· more effective use of resources 
In relevant use cases, this impact can be assessed through operational data and comparative emission estimates.

NETCAD (Mining)

The main sustainability contribution of the VISION solution in the mining use case is to enable more efficient transport and more accurate operational planning, directly addressing a sector responsible for an estimated 4–7% of global carbon emissions. Optimised routing, reduced idle time and better resource use can reduce unnecessary fuel consumption and operational losses, indirectly lowering the environmental impact caused by energy and transportation inefficiencies. In particular, the following can contribute to reducing the carbon footprint:
• dynamic, emission-aware route optimisation for haulage and outbound transport
• reduced equipment idle time and avoidable repeat operations
• more effective use of fleet and resources
• generation of net-zero baseline data to support carbon measurement and policy
In relevant use cases, this impact can be assessed through operational data and comparative emission estimates, and can feed carbon-policy and net-zero reporting mechanisms.

EMS (Construction Supply Chain)

Manufacturing sustainability improvements are expected through both operational efficiency and improved measurement.
VISION can reduce environmental impact by:
· identifying unnecessary material waste and rework 
· reducing idle production and avoidable energy consumption 
· improving production planning and reducing urgent or duplicated transportation 
· providing product/order-level energy information 
· supporting estimation of embodied and supply-chain carbon 
· enabling sustainability information to be exchanged with customers and suppliers 
Importantly, VISION will not only seek to optimise carbon impact but provide the data required to establish a measurable baseline.
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12. Resilience & Systemic Impact
The most important contribution of the solution in terms of resilience and systemic impact is that it increases operational visibility and supports earlier identification of critical situations. Through the digital twin and data analytics-based structure, problems related to inventory, preparation, and shipment processes can be identified earlier and addressed more quickly.
This approach will support:
· making risks more visible, 
· responding more quickly to disruptions, 
· improving coordination between different operational units, 
· managing processes through shared data structures instead of isolated information.

NETCAD (Mining)

The most important contribution of the solution in terms of resilience and systemic impact is that it increases operational visibility and supports earlier identification of critical situations across mine operations and transport. Through the digital twin and data-analytics-based structure, problems related to routing, road condition and equipment can be identified earlier and addressed more quickly. This approach will support:
• making route, road and equipment risks more visible
• responding more quickly to disruptions through dynamic alternative routing
• automated road and structure deformation alerts to transporters and relevant authorities
• improving coordination between mine, transport and infrastructure stakeholders
• managing processes through shared, secured data structures instead of isolated information


EMS (Construction Supply Chain)
The principal resilience benefit is earlier awareness of supply-chain and production problems.
Connecting supplier, production and logistics status allows manufacturers to identify potential shortages, late operations, equipment or quality events before they become missed customer deliveries.
A distributed Digital Twin can also reduce dependency on informal communication and individual knowledge by creating a shared operational view between authorised organisations.
For manufacturers operating multi-tier supply chains, this improves the ability to assess disruption, evaluate alternatives and respond to changing supplier or customer requirements.


META REAL (Warehouse and cargo loading system)
 
13. Scalability & Replicability
If the solution is designed with a modular and integration-friendly architecture, it will be applicable at different scales. In this context, it can be adapted from small-scale operations to larger and multi-site warehouse environments.
In terms of scalability:
· it can be adapted to different warehouse sizes, 
· it can support different user and data volumes, 
· it can be extended to multi-site environments. 
In terms of replicability, the solution is not limited only to aviation logistics, but can also be applied, with suitable adaptations, to manufacturing, general logistics, and other sectors requiring warehouse management. An API-based and integration-friendly approach will facilitate this transfer.

NETCAD (Mining)

Designed with a modular, standards-based and integration-friendly architecture, the solution is applicable at different scales, from a single mine site to larger, multi-site mining operations. In terms of scalability:
• it can be adapted to different mine sizes and fleet volumes
• it can support different user, vehicle and data volumes
• it can be extended to multi-site and regional mining environments
In terms of replicability, the solution is not limited to mining: with suitable adaptation it can be applied to construction, quarrying, smart-city transport and general logistics. An API-based, GIS-anchored and integration-friendly approach — together with NETCAD’s presence in 16 countries and its expansion focus on the Turkic Republics and Southern Asia — will facilitate this transfer.

EMS (Construction Supply Chain)
The EMS use case is deliberately designed around common manufacturing processes rather than a single construction workflow.
The core architecture of edge data acquisition, Digital Twin representation, event monitoring, analytics and secure inter-company data exchange can be replicated across different manufacturing sectors.
Sector-specific differences can be handled through data models and application modules rather than rebuilding the core platform.
Initial validation can therefore focus on a defined fabrication/manufacturing process while subsequent exploitation can extend to engineering, construction products, off-site manufacture, infrastructure supply chains, transport equipment and other discrete manufacturing industries.


META REAL (Warehouse and cargo loading system)
 
14. Risks & Mitigation Strategy
	Risk
	Impact
	Mitigation Measure

	Data access or data quality issues
	Reduced model accuracy and visibility
	Early data analysis, alternative data sources, phased validation

	Integration difficulties
	Delays and incompatibility
	Modular architecture, API-oriented integration, early technical planning

	Pilot site constraints
	Limited test scope
	Simulation + phased pilot approach

	User adaptation challenges
	Reduced effective system usage
	Training, user feedback, simple interface design

	Lower-than-expected impact
	Reduced commercial value
	Realistic KPI setting, iterative improvement



NETCAD (Mining)

	Risk
	Impact
	Mitigation Measure

	Field / IoT data quality in harsh mine environments
	Reduced model accuracy and visibility
	Data cleaning and quality assurance, alternative data sources, phased validation

	Integration difficulties with legacy mine and fleet systems
	Delays and incompatibility
	Modular architecture, standards-based data model, API-oriented integration, early technical planning

	Limited access to active mine pilot sites
	Limited test scope
	Simulation plus phased pilot approach using NETCAD geographic data

	Connectivity constraints at remote mine sites
	Gaps in real-time data
	Edge / IoT buffering and near-real-time synchronisation of the digital twin

	User adaptation challenges among field crews
	Reduced effective system usage
	Training, user feedback, simple interface and AR/visualisation support

	Lower-than-expected impact
	Reduced commercial value
	Realistic KPI setting, iterative improvement, pilot-based validation




EMS (Construction Supply Chain)

	Risk
	Impact
	Mitigation

	Difficult access to machine/production data
	Incomplete Digital Twin
	Start with ERP/system data, provide edge adapters and use incremental integration

	Different legacy systems between customers
	Increased integration cost
	Open APIs, standard information model and reusable connectors

	Poor production data quality
	Reduced analytics accuracy
	Data validation, quality scoring and exception handling

	SMEs perceive Digital Twin as too complex
	Slow adoption
	Outcome-led MVP, simple deployment and modular pricing

	Benefits difficult to quantify
	Weak ROI case
	Capture pre-pilot baselines and measure a small number of agreed KPIs

	Customer unwilling to share supply-chain data
	Reduced cross-company visibility
	Role-based access, data minimisation and clear ownership/security model

	Cybersecurity concerns around OT connectivity
	Delayed adoption
	Edge processing, segmentation, secure outbound connectivity and least-privilege architecture

	Manufacturing downturn / customer CAPEX constraints
	Slower sales
	Subscription/managed-service model and low initial hardware requirement




META REAL (Warehouse and cargo loading system)
	Risk	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
	Impact
	Mitigation

	UWB/RTLS data dependency
	AR guidance may have limited location accuracy if external location data is unavailable
	Use UWB/RTLS where available; support fallback with WMS/manual location data

	AR device compatibility
	Application may require adaptation for different AR glasses/tablets
	Device-agnostic design where possible; phased device validation

	Cargo/vehicle data quality
	Optimization recommendations may be inaccurate
	Define minimum required item, vehicle and constraint data; validate with sample datasets

	Integration complexity
	Delays in connecting AR, Digital Twin, WMS or partner data
	API-oriented integration and early interface definition

	User adoption
	Operators may not use AR guidance effectively
	Simple UI, training and iterative user feedback



 
15. Partner Role within VISION Ecosystem
Within the VISION ecosystem, ALPATA is one of the partners contributing to the aviation logistics use case, defining operational needs, and supporting the shaping of the developed solution in a real logistics context.
Technically, ALPATA’s role can be defined as:
· contributing to the identification of warehouse and logistics operational requirements, 
· supporting the modelling of operational processes from a digital twin perspective, 
· defining analytical and optimisation-oriented use cases, 
· supporting use case validation. 
From a business perspective, ALPATA will contribute to evaluating the productization and applicability potential of the developed solution in aviation logistics and related warehouse management domains.

NETCAD (Mining)

Within the VISION ecosystem, NETCAD is the partner contributing to the mining use case, defining mine-operation and transport needs, and supporting the shaping of the developed solution in a real mining and transport context. NETCAD contributes to the architecture of distributed digital twins and works across the whole life cycle of transport and mining digital twins.
Technically, NETCAD’s role can be defined as:
• contributing to the establishment of the digital representation and a standards-based, interoperable data model
• providing rich geographic, road and infrastructure data and robust logistics data for the digital twin
• collecting, cleaning and integrating IoT / field data, including road and structure deformation monitoring
• contributing to dynamic route optimisation and to simulation and 3D visualisation of optimisation scenarios
• supporting security and authorisation configuration for shared digital twins
• actively contributing to the Net Zero Calculation Tools and the Sustainability Integration Module
From a business perspective, NETCAD will evaluate the productization and applicability potential of the developed solution in the mining, smart-mining and engineering domains, integrate the results into its existing products, and leverage its market access to help consortium partners commercialise project deliverables individually or as a group.

EMS (Construction Supply Chain)
EMS acts as both a technology provider and exploitation partner within VISION, with particular responsibility for applying the project technologies to manufacturing and fabrication supply chains.
EMS will contribute its expertise in edge computing, industrial connectivity, AI/data analytics and Digital Twin integration to enable secure acquisition and processing of operational data close to the manufacturing environment.
Within the manufacturing/fabrication use case, EMS will investigate the integration of production, supplier, quality, logistics and sustainability information into a Digital Twin capable of supporting real-time visibility, traceability and predictive decision support.
EMS will also lead the commercial evaluation of how these capabilities can be packaged for SME and mid-sized industrial customers, initially in the UK and subsequently through consortium and international partner channels.
Construction will remain a relevant exploitation sector, particularly for fabricated and off-site manufactured products, allowing results from the manufacturing use case to be transferred into construction supply chains when market conditions improve.


META REAL (Warehouse and cargo loading system)
Innova contributes to the Warehouse and Cargo Loading use case as a technical contributor. Innova’s role focuses on AR-based cargo loading guidance, packing/loading optimization, Digital Twin/API integration and net-zero impact assessment. UWB/RTLS location data may be consumed as an external input where provided by WP5 partners; Innova does not own UWB tags, anchors or RTLS infrastructure development.	Comment by Fırat ONAR: Innova contribution within the Warehouse and Cargo Loading use case
D1.3 – Business models and impact analysis
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