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Abstract

Modern manufacturing organizations face unparalleled intricacy in the identification of optimal locations
of production in light of converging pressures from protective tariffs, sustainability regulations, and
geopolitical sourcing constraints that fundamentally reshape strategic decision frameworks. Traditional
cost-optimization models fall short in their multidimensional nature of location choices, creating analytical
gaps that expose organizations to regulatory vulnerabilities and competitive disadvantages. Product
Lifecycle Management systems have evolved beyond engineering documentation platforms to function as
comprehensive strategic intelligence frameworks, capable of integrating material specifications, supplier
characteristics, environmental attributes, and regulatory requirements within unified data architectures. It is
by synthesizing heterogeneous variables across financial, operational, and sustainability domains that PLM
enables sophisticated scenario modeling, quantifying trade-offs between domestic and international
manufacturing alternatives under dynamic market conditions. The article looks at how PLM's relational
data structures facilitate the simultaneous consideration of tariff exposure, carbon intensity, supply chain
resilience, and regulatory compliance requirements. Through integrating with enterprise resource planning
and supply chain management platforms, PLM transforms fragmented information into actionable
intelligence that supports strategic decisions about manufacturing location. Advanced implementations
incorporating predictive analytics and machine learning capabilities enable organizations to forecast the
impact of regulatory changes, sustainability mandates, and market volatility on long-term manufacturing
economics, thereby elevating location decisions from tactical procurement choices to strategic imperatives
aligned with corporate goals across financial performance, environmental stewardship, and operational
resilience dimensions.
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Introduction

Global manufacturing organizations face a changing decision landscape, where production location decisions go far
beyond issues of labor cost differentials and logistics considerations. Contemporary influences such as protective tariffs
on strategic materials, mandatory sustainability reporting requirements, and restrictions on sourcing from specific
geopolitical regions have dramatically changed the calculus of manufacturing strategy. Steel and aluminum industries are
only two examples of where import duties meet clean production mandates based on coal-powered versus renewable-
energy-based production methods. The strategic challenges of manufacturing location decisions reflect many of the same
complexities faced in national security policy development, in which multiple competing objectives must be weighed
against resource constraints and geopolitical reality, and where integrated analytical approaches synthesizing diverse
information streams into coherent strategic assessments are needed to develop sound policies [1]. The European markets
are increasingly setting thresholds for material dependency limits from designated high-risk regions, and regulations that
require companies to guarantee that certain percentages of critical raw materials are not sourced from non-compliant
suppliers. Clean material certification programs confer a competitive advantage to compliant suppliers, particularly in
energy-intensive industries where the methodology of production fundamentally defines environmental impact profiles.

The aluminum industry offers a key example of how energy efficiency and production processes interact with
sustainability imperatives and cost structures. Primary aluminum production by electrolysis remains among the most
energy-intensive manufacturing processes worldwide, and production methodology generates significant disparity in
operational costs and environmental impacts. Studies related to energy end-use efficiency improvements in electrolysis
processes indicate that substantial reductions in primary energy consumption and associated greenhouse gas emissions
are indeed possible through technological optimization of the electrolysis stage—the core transformation process
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converting alumina into metallic aluminum [2]. The significant variations in efficiency realized amongst facilities create
significant differentiation, as producers applying advanced cell technology and renewable energy sources showcase
substantially lower carbon intensities relative to conventional operations reliant on fossil fuel-based power generation.
The source of electricity used to power electrolysis operations thus becomes a crucial factor in determining
environmental performance and economic viability, especially as carbon pricing mechanisms and clean material
certification requirements increasingly impact market access and pricing structures across major global jurisdictions.

The challenge is not in accessing the numerous measures of tariffs, emissions, and supplier locations but instead
synthesizing such heterogeneous variables into coherent decision frameworks that simultaneously evaluate economic,
environmental, and regulatory dimensions. A typical manufacturing organization may track material costs on enterprise
resource planning systems, supplier performance metrics on procurement platforms, carbon emissions data on
sustainability management software, and tariff schedules on trade compliance databases, yet lack the integrated
mechanisms needed to determine how these elements collectively impact manufacturing location viability. More
commonly, conventional enterprise systems segregate cost information within financial platforms, supplier information
within procurement systems, and environmental metrics within specialized sustainability tools. This fragmentation
inhibits holistic analysis and forces organizations to make manufacturing location decisions with incomplete information
sets that may optimize individual variables while creating highly suboptimal outcomes across the complete decision
space.

Traditionally, Product Lifecycle Management systems have been focused on design data and engineering change
management. Today, they are an integral part of comprehensive platforms that can integrate cross-functional information
across the product value chain. Material master records in modern PLM implementations also carry detailed attributes in
each material specification, covering technical characteristics, regulatory compliance status, supplier associations, cost
history, and environmental impact metrics. This article discusses how modern PLM architectures address the analytical
gap in manufacturing location assessment through the integration of material specification, supplier characteristics,
regulatory requirements, and environmental impact into accessible frameworks that support complex scenario
evaluations.

PLM as an Integrated Intelligence Framework for Manufacturing Strategy

Product designers and engineers rely on Product Lifecycle Management platforms to act as a single, common repository
for maintaining detailed specifications for every component, material, and assembly in a product portfolio. PLM serves
as the system of record for product definition data across engineering, manufacturing, and supply chain functions. Unlike
siloed data systems that create information barriers and require manual reconciliation across departments, PLM
architectures establish relationships between product structures, approved material lists, qualified suppliers, and
associated cost elements through hierarchical data models that mirror the physical product assemblies and constituent
parts. This relational data model allows it to track material origins, supplier locations, manufacturing processes, and
related environmental characteristics throughout product hierarchies, creating traceability from finished goods back to
sources of raw materials. Supply chain management practices—cutting across information sharing, quality assurance,
customer relationship, and strategic supplier partnerships—have been identified as a substantial determinant of
operational effectiveness in contemporary manufacturing enterprises, with research showing that organizations achieving
superior supply chain integration realize measurable improvements in competitive positioning and overall organizational
performance [3]. Integration of product data management with supplier relationship management and quality control
systems provides visibility of material flows, production capabilities, and performance metrics across extended supply
networks. With robust PLM architectures in place, an organization establishes digital continuity to link design
specifications to procurement requirements, manufacturing instructions, quality standards, and supplier performance data,
thereby providing all stakeholders across functional domains a steady stream of consistent information through the entire
cycle of product realization.

It is when PLM systems integrate with enterprise resource planning and supply chain management platforms that
organizations can gain visibility into complete cost structures, including such things as production expenses,
transportation logistics, customs duties, and compliance-related expenditures that collectively determine product
profitability and market competitiveness. Integration of this sort also transforms PLM from a passive documentation
system to an active analytical tool capable of calculating comprehensive landed costs representative of current tariff
schedules, sustainability premiums, and regional regulatory requirements that have dramatic impacts on global
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manufacturing operations. The result of such integration—PLM and ERP system convergence—is unified data
environments in which engineering changes ripple automatically into cost models, procurement specifications update
supplier qualification requirements in real-time, and manufacturing process modifications drive reassessments of capacity
and lead time commitments. Organizations taking advantage of integrated PLM-ERP architectures can execute dynamic
cost analysis inclusive of fluctuating material prices, variable transportation rates, evolving tariff structures, and
regulatory compliance costs, all of which work together to generate current assessments of manufacturing economics
rather than being dependent on static cost estimates, which become increasingly irrelevant as market conditions change.

The strategic value arises from PLM's capability to maintain alternative supplier configurations and material
specifications as structured data, rather than as dispersed documentation scattered across spreadsheets, email
communications, and individual departmental databases. Organizations define multiple sourcing scenarios—domestic
production using local materials, overseas manufacturing with imported components, or some hybrid approach that
combines regional assembly with globally sourced subassemblies—and can evaluate each configuration against current
regulatory and market conditions by systematic comparison of cost structures, lead times, quality metrics, and risk
profiles. The complexity of contemporary supply networks does not stop at the traditional unidirectional material flow;
rather, it involves bidirectional movements whereby production facilities receive raw materials and components while
managing returns, recycling streams, and reverse logistics operations. In addition, research into optimizing facility
location in conditions of bidirectional flow shows that designing a manufacturing network has to account not only for
forward distribution channels that bring the products to the market but also for reverse channels that handle product
returns, recover components, and recycle materials, and the optimal facility configurations are radically different from
those designed only for forward flows [4]. Advanced PLM applications support the modeling of complex supply network
configurations, inclusive of multiple production sites, alternative material specifications, backup supplier relationships,
and reverse logistics. Encoding the alternative sourcing scenarios as structured data in the PLM system creates reusable
decision models that can be quickly reconfigured as market conditions change, regulatory requirements shift, or new
supplier relationships become available, making strategic sourcing a continuous analytical approach as opposed to
episodic planning activities.

Integration

. Data Elements
Domain

Strategic Function Decision Support

Product Structure

Component specs, material lists,
assemblies

Material origin
traceability

Tracking from finished goods to
raw materials

ERP Integration

Production costs, logistics, duties,
compliance

Landed cost
calculation

Dynamic cost analysis with
tariff variations

Supply Chain Supplier metrics, quality data, Alternative supplier | Comparison of sourcing
Linkage capacity modeling scenarios

Sourcing Manufacturing sites, material Bidirectional flow Network evaluation with reverse
Optimization specs, backup suppliers modeling logistics

Table 1. PLM Integration Capabilities and Strategic Functions [3, 4].
Sustainability Assessment Through Material and Supplier Data Integration

Modern sustainability mandates extend beyond simple carbon accounting to encompass material sourcing transparency
and manufacturing process certification, reflecting heightened regulatory scrutiny of environmental influences across
global supply chains. Clean aluminum programs distinguish between smelting operations powered by hydroelectric
generation versus coal-fired facilities, creating material differentiation based on production methodology rather than
chemical composition, as aluminum produced through different energy sources maintains identical metallurgical
properties while exhibiting vastly different environmental profiles. In addition, renewable energy content in
manufacturing operations increasingly affects material pricing and market access, especially in jurisdictions with carbon
border adjustment mechanisms that impose tariffs on imports based on embedded carbon content. The global aluminum
industry has undergone a significant transformation driven by shifts in production capacity, energy costs, and
environmental regulations, with primary aluminum production increasingly concentrated in regions offering access to
low-cost energy and favorable regulatory environments. Evaluation of the global aluminum economy notes that
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production location decisions reflect complex trade-offs between energy availability, raw material access, labor costs,
environmental compliance requirements, and proximity to end-use markets, with the industry exhibiting distinct regional
patterns in primary production, semi-fabrication, and recycling activities [5]. The aluminum sector demonstrates
particular sensitivity to energy costs, given the energy-intensive nature of the Hall-Héroult electrolysis process, creating
economic incentives for production facilities to locate near abundant hydroelectric resources or other low-cost energy
sources. These geographic patterns in aluminum production capacity directly impact the sustainability profiles of
materials available to manufacturers, as sourcing decisions inherently choose among production methodologies with
significantly different carbon intensities based on facility location and associated energy infrastructure.

PLM systems address these needs through detailed material libraries that capture, besides technical specifications,
environmental attributes such as carbon intensity, energy source profiles, and certification status, thereby enabling
organizations to evaluate materials based on both functional performance and sustainability characteristics. Linking these
material characteristics to approved supplier lists enables an organization to review how sourcing decisions drive both
regulatory compliance and environmental performance metrics, yielding insight into the environmental consequences of
procurement decisions. This capability is particularly important when considering trade-offs between tariff avoidance and
sustainability objectives: scenarios involving overseas sourcing of aluminum may avoid tariffs but at the expense of an
increased carbon footprint if coal-based energy sources are used by the supplier, while domestic sourcing using
renewable-powered facilities may entail higher base costs but avoid import duties while meeting clean material
requirements. The ability of PLM platforms to quantify multidimensional trade-offs is facilitated by their integrated data
sets that span financial, regulatory, and environmental domains to inform decision processes balancing economic
optimization with environmental stewardship.

PLM offers supplier dependency tracking, addressing geopolitical sourcing restrictions that limit material percentages
from specified regions. Such a facility responds to the growing emphasis on supply chain resilience and the security of
strategic resources by governments. PLM systems can automatically determine the aggregate exposure to restricted
sources and identify threshold violations before these create compliance issues, thus proactively managing the regulatory
requirements of the enterprise by maintaining detailed bills of materials with supplier attribution at component and sub-
component levels. The modern concept of supply chain risk management today encompasses various categories of risks:
operational, financial, reputational, and cybersecurity. Research has shown that organizations need to address both
traditional supply-side risks and more recent challenges related to digital transformation, sustainability pressures, and
geopolitical instability. Content analysis of supply chain risk literature highlights an expanding focus on themes such as
circular economy considerations, the use of artificial intelligence in risk prediction, blockchain technologies for supply
chain transparency, and resilience frameworks that aim to absorb and recover from disruptions along multiple risk
dimensions [6]. More advanced PLM implementations incorporate supplier relationship mapping that traces material
flows through multiple tiers of the supply chain, making dependencies visible that would otherwise be hidden within
complex procurement structures. Integrating supplier risk data with material specifications presents organizations with
the ability to evaluate sourcing alternatives not simply on cost and technical factors but additionally on elements of
supply chain resilience that encompass geographic concentration, geopolitical stability, the financial health of suppliers,
and exposure to emerging risk categories—all in pursuit of strategic sourcing decisions that balance multiple, competing
goals along financial, environmental, and operational axes.

Sustainability Material Differentiation

Parameter

PLM Data Capture

Factor

Compliance Application

Carbon Intensity
Profiles

Emissions per unit
production, energy source
classifications, and lifecycle
assessment data

Production methodology
distinction between
renewable-powered and
coal-based facilities

Enables quantification of
carbon footprint
differentials across sourcing
alternatives

Energy Source

Hydroelectric generation,
coal-fired operations,

Material certification based
on production energy

Supports the evaluation of
clean aluminum programs

Documentation renewable energy content, profile rather than chemical | and renewable energy
and grid composition composition mandates
Supplier Facility certifications, Geographic patterns in Addresses carbon border
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Environmental sustainability ratings, production capacity are adjustment mechanisms and
Attributes environmental compliance linked to energy clean material certification
status, and audit results infrastructure availability requirements
Bill of materials with .y . Identifies threshold
. . o Multi-tier supplier network C .
Geopolitical supplier attribution, R . violations for material
. . visibility extending beyond
Sourcing component-level origin . percentages from
. : direct procurement . .
Restrictions tracking, and aggregate . . designated restricted
. relationships .
exposure calculation regions

Table 2. Sustainability Data Integration and Environmental Assessment Frameworks [5, 6].
Scenario Modeling and Predictive Analytics for Strategic Decision Support

By integrating historical data within PLM environments, users could be empowered to conduct sophisticated scenario
modeling that predicts the impact of regulatory modifications, tariff adjustments, or sustainability imperatives on
manufacturing economics, turning intuitive strategic planning into data-driven prediction. Organizations can construct
comparative models that evaluate domestic production against international options, considering variables such as
material prices, labor costs, energy costs, tariff structures, carbon pricing, and sustainability premiums to derive
comprehensive assessments of the viability of various production locations. The utility of predictive analytics to supply
chain contexts has emerged as one of the key capabilities for organizations operating in turbulent market conditions and
complex operating environments. Predictive analytics uses historical data, statistical algorithms, and machine learning
techniques to predict future events and behaviors, enabling businesses to anticipate demand fluctuations, optimize
inventory levels, evaluate the reliability of suppliers, and proactively take steps to mitigate potential disruptions before
they occur. Many studies investigating predictive analytics applications across supply chain domains report significant
benefits such as improved demand forecasting accuracy, better inventory management via better anticipation of inventory
stock requirements, optimization of transportation routing via better anticipation of shipping time and cost, and better risk
management due to the early identification of potential supply chain vulnerabilities [7]. Integrating predictive capabilities
into PLM environments extends these analytical approaches to product-centric decision contexts wherein organizations
can forecast the impact of design decisions, materials choices, and sourcing strategies on downstream outcomes such as
manufacturing cost, supply chain reliability, and market competitiveness across the product lifecycle.

STAGE 1: INPUT VARIABLES STAGE 2: PLM PROCESSING STAGE 3: DECISION OUTPUT

Financial Factors Location Recommendations
Opfimized Manufacturing Sites
-Benefit Analysis
- Supplier Selection Guidance
= Implementation Roadmap

= Matedal Costs:
- Labor Costs
= Transportation Expenses
= Currency Exchange Rates

_ . RiskInformed Alternatives
. PLM Strategic Intelligence } )
- Tariff Strucures g ario Comparisons
- Sourding Restricions Core Capabilities: - Risk Mitigation Strategies
- Compliance Requirements . o ingency Plans
- Trade Agreemants Scermuin Wodelng & Smulalion - Sencitivity Analysis Results

Regulatory Factors

Predicive Analyfics & Machine Leaming

Quantified Trade-offs
= Cost vs. Sustainability Balance
- Speed vs. Resifience Metrics

pliznce vs. Flexibility

- Shart-term vs. Long-erm Impact

Environmental Factors
= Carbon Intensity
- Energy Sources (Renewsble/Coal)
- Sustainability Mandates
- Emiranmenial Certifications

Operational Factors
- Supplier Capacity
- Lead Times
- Supply Chain Resifience
- Quality Metrics

Strategic Alignment

- Comporate Ohjectives Mapping
- Sustainability Goals Achievement
npeditive Posiioning
- Stakeholder Value Creation

Fig 2.Manufacturing Location Decision Framework [7]

2066
Vol: 2025 | Iss: 2 | 2025



Computer Fraud and Security
ISSN (online): 1873-7056

[Note: Fig. 2. Manufacturing Location Decision Framework illustrating the three-stage analytical process: input variable
aggregation, PLM-based processing with advanced analytics, and strategic decision outputs aligned with corporate
objectives.]

These simulations go beyond static cost comparisons to include time-dependent factors such as demand forecasting, price
volatility, and regulatory trend analysis, considering that manufacturing location decisions have impacts that develop
over several-year time horizons in which market conditions, regulatory regimes, and competitive dynamics can change
dramatically. Using analytical techniques on historical patterns, PLM-integrated systems can calculate probability ranges
for potential future cost structures based on different manufacturing location scenarios to support risk-informed decision
making rather than point-estimate optimization that fails to account for inherent uncertainty in long-term projections.
Advanced implementations include Al capabilities, identifying non-obvious relationships between variables, detecting,
for example, the ways in which announcements of tariffs correlate with changes in supplier pricing or the way that costs
of sustainability certification vary by geography and scale of production. These create insights that are not possible
through traditional analytics approaches restricted to linear relationships and explicit causal chains. Applications of
machine learning methodologies in manufacturing address fundamental challenges in the spheres of production
optimization, quality control, and operational efficiency. Machine learning covers a wide set of algorithmic approaches,
including supervised learning for classification and regression tasks; unsupervised learning for pattern identification and
clustering; and reinforcement learning for sequential decision optimization. Research into the applications of machine
learning within manufacturing reveals significant benefits, including the ability to process large datasets exceeding
human capacities for analysis; identification of complex nonlinear patterns invisible to traditional statistical approaches;
the ability to adapt to changing conditions of production through continuous learning from new data; and automation of
decision processes previously requiring extensive expertise [8]. What emerges as a result of this integration of these
advanced analytics capabilities within PLM platforms is opportunities for continuous learning systems that will provide
enhanced prediction accuracy as operational data builds up, building better models on how manufacturing location
choices impact outcomes along financial, operational, and environmental dimensions.

Analytical Manufacturin
y . Predictive Technique L. g Strategic Planning Function
Capability Application
L . Anticipation of volume )
Demand Historical pattern analysis, p‘ . . Supports long-term manufacturing
. . . . fluctuations influencing : Z. )
Forecasting time series modeling, and . . location decisions, accounting for
. . . . production capacity i
Integration trend identification market evolution

requirements

Cost Structure

Regression analysis,
probability range

Future cost scenario
generation under

Enables risk-informed decision
making beyond static point-

Projection estimation, and volatility | alternative regulatory . S
. . " estimate optimization
modeling and tariff conditions
. . Identification of
. Correlation detection, . . .. .
Supplier .. . relationships between Facilitates proactive strategy
. pricing adjustment . S .
Behavior . tariff announcements and | development, anticipating supplier
. forecasting, performance . .. . .
Prediction trendin supplier pricing reactions to policy changes
& responses
. Early vulnerabilit Transportation routin . o
Risk . y . . Y . . p . & Strengthens supply chain resilience
identification, disruption optimization based on . . .
Assessment . . . . . through advanced identification of
prediction, and inventory | predicted delivery times o .
Enhancement potential disruptions

optimization

and costs

Table 3. Predictive Analytics Applications in Manufacturing Location Assessment [7, 8]
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Scenario modeling thus turns manufacturing location decisions from isolated tactical choices into components of
integrated corporate strategy, allowing for systematic evaluation of how production location supports broader
organizational goals. Organizations will be able to address questions such as how supply chain resilience, market
positioning, and environmental commitments are supported by a production location decision. Quantified analysis will
substitute for qualitative judgment when assessing strategic fit and potential conflicts between competing goals. Machine
learning processes prove particularly valuable in decision contexts that are characterized by many competing criteria,
which need to be balanced instead of optimized by single-objective models. Applications of machine learning within
manufacturing span a wide range of domains, including predictive maintenance, wherein algorithms predict machine
failure before occurrence; quality prediction systems enabling the identification of defective products in manufacturing
processes; energy consumption optimization, which cuts operational costs while maintaining output targets; and
production-scheduling algorithms balancing throughput maximization with resource constraints. PLM-integrated
scenario modeling enables the visualization of these multidimensional relationships, showing decision-makers how
specific production location strategies perform across relevant assessment criteria and underpin informed choices that
reflect organizational priorities and risk tolerance as opposed to mechanistic optimization of isolated metrics.

Machine Decision S ¢
ecision Suppor
Learning Algorithmic Method Manufacturing Domain PP
Enhancement
Approach
. Classification . - -y .
Supervised . . Quality prediction systems Enables predictive quality
. algorithms, regression . g . . :
Learning . identifying defective products | control, reducing inspection
. modeling, and pattern . .
Applications .\ during production processes costs and defect rates
recognition
. . . Identification of complex non- | Reveals hidden correlations
Unsupervised Clustering techniques, ) ) o . ..
. . linear relationships invisible between tariff policies,
Learning pattern discovery, . . o
o . to conventional statistical sustainability costs, and
Capabilities anomaly detection } :
methods supplier behaviors
. . . Supports dynamic
. Adaptive algorithms, Improvement of prediction pp . Y .
Continuous ) . optimization, adapting to
. real-time data accuracy as additional . .
Learning ) . changing production
processing, model operational data accumulates -
Systems . conditions and market
refinement over time .
environments
Trade-off surface Simultaneous evaluation T
. . S Enables visualization of
Multi- modeling, Pareto across cost minimization, . .
L . . . o strategic alternatives
Objective efficiency analysis, quality maximization, and . .
o . L . . performing differently across
Optimization competing criteria environmental impact . . o
. . multiple evaluation criteria
balancing reduction
Table 4. Machine Learning Integration for Multi-Objective Manufacturing Optimization [§]
Conclusion

The convergence of protective tariffs, mandatory sustainability reporting, and geopolitical sourcing restrictions has
fundamentally changed manufacturing location decisions from straightforward cost minimization exercises into more
complex strategic reviews that require the synthesis of financial, environmental, and regulatory considerations.
Traditional enterprise architectures, characterized by functional silos and isolated data repositories, fail to provide the
integrated analytical capabilities necessary for informed decision-making in modern regulatory environments. Product
lifecycle management systems address critical gaps through comprehensive data integration that unifies material
specifications, supplier performance metrics, cost structures, environmental attributes, and compliance requirements
within accessible analytical frameworks. By establishing relational connections between product hierarchies, approved
material lists, certified supplier networks, and associated regulatory constraints, PLM enables organizations to construct
detailed scenario models evaluating alternative production configurations against multidimensional criteria. Integration
of the PLM with enterprise resource planning and supply chain management systems creates digital continuity spanning
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design intent through production execution, enabling real-time assessment of how material substitutions, supplier
modifications, or manufacturing location shifts influence landed costs, carbon footprints, and regulatory compliance
status. Advanced implementations incorporating predictive analytics extend scenario modeling beyond static
comparisons to incorporate temporal elements, such as demand volatility, price fluctuations, and regulatory trend
forecasts, which enable risk-informed strategic planning instead of point-estimate optimization vulnerable to market
uncertainties. Machine learning capabilities further enhance analytical sophistication by identifying non-obvious
correlations between variables and continuously refining predictive models as operational data accumulates. As
regulatory complexity intensifies and sustainability transitions from voluntary initiative to a mandatory compliance
framework, PLM's role as a strategic intelligence platform becomes increasingly essential for competitive positioning.
Organizations leveraging integrated PLM architectures gain substantial advantages through informed strategy
development, proactive regulatory risk mitigation, and systematic alignment between tactical manufacturing decisions
and broader corporate objectives spanning supply chain resilience, market positioning, and environmental commitments.
The evolution from viewing PLM as a passive documentation repository to recognizing strategic intelligence capabilities
represents a fundamental transformation of manufacturing location optimization approaches that enable quantified
evaluation of complex trade-offs rather than reliance on incomplete information or qualitative judgment in increasingly
constrained global operating environments.
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