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Navigating Global 
Industrial Complexity 
with Engineering 
Precision    
Industrial manufacturers are at an inflection point. Already managing the 

complexity of global production and supplier ecosystems amid tightening 

margins and regulatory pressures, they now face added strain from volatile 

supply chains, rising energy costs, and rapidly advancing capabilities. At the 

same time, leaders are under increasing pressure to deliver high-quality 

products at speed and scale.  

Systems are no longer standalone. Today’s platforms – whether smart factory 

equipment, connected tools, industrial robots, or IoT-enabled appliances – 

are interconnected, digitally enabled, and expected to operate in diverse 

environments with maximum adaptability. And while these growing demands 

point to opportunity, they also expose a critical weakness in how most 

organizations engineer their systems today. 

 

Despite managing extensive product portfolios and global manufacturing 

footprints, many industrial manufacturers still approach product development 

as if each product line was largely independent. The result: 

��Engineering teams are tasked to repeatedly solve the same problems.  

��Visibility and traceability are reinvented for each project.  

��Higher engineering and production costs. 

��Interoperability with suppliers and partners is a constant challenge. 
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Every industrial manufacturing product is unique, due to 
different requirements and regulations across geographic 
regions, operational constraints, or customer-specific 
features. This variability is essential - but it is also the root 
cause of duplication, inefficiency, and added strain on 
engineering teams. 

Many industrial manufacturing products involve a high 
degree of variation, driven by regional regulations, 
operational constraints, and customer-specific needs. 
While variability is essential, it can also slow operations 
by introducing duplication, inefficiencies, and engineering 
fatigue.  

Without a unified strategy to manage variability, reuse 
becomes a liability rather than an asset. Project teams’ 
resort to “clone-and-own” practices, copying past designs 
and modifying them ad hoc. Over time, this leads to a 
proliferation of loosely related systems that are:  

Hard to manage 

Difficult to certify  

Expensive to maintain  

Worse yet, every new contract triggers a new program 
- with its own risks, learning curve, and duplication of 
effort. Talent is spread thin. Institutional knowledge is 
fragmented. And the organization loses the ability to scale.  

For industrial manufacturers, the implications are clear: 
without transformation, engineering becomes a bottleneck 
to development and production. Those bottlenecks result 
in slower operations, increased risk of costly scrap and 
rework, and reduced traceability. 

Variability Has Become  
a Barrier to Agility
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Product Line Engineering (PLE) is not simply an 
engineering optimization—it is a strategic 
transformation. Despite increasingly dynamic 
requirements, regulations and growing systems 
complexity, feature-based PLE empowers 
industrial manufacturers to engineer entire 
product lines, not just isolated one-off systems.  

Instead of designing each system variant from 
the ground up, feature-based PLE creates a 
controlled, automated process for defining and 
assembling system configurations from a 
common, validated asset base.  

At its core, PTC’s feature-based PLE solution, 
Pure Variants, establishes a model for system 
engineering, structured around four 
foundational elements:  

Shared Assets: All digital artifacts - software 
modules, hardware schematics, documentation, 
verification data - are consolidated into a 
superset that includes embedded variation 
points. These assets represent the reusable core 
of the product line. 

Feature Catalogue: A structured model that 
captures the complete set of product features, 
such as application-specific capabilities, export 
restrictions, geographic regulations, and 
configuration options. This catalogue provides a 
common vocabulary for managing variability 
across the entire organization. 

Bill-of-Features: Each individual system variant 
is described using a Bill-of-Features - a precise 
specification of selected features based on 

customer, geographic, or regulatory 
requirements. This acts as the blueprint for 
generating tailored configurations. 

Automated Instantiation: This applies selected 
features to shared assets, automatically 
producing the correct set of artifacts for a given 
product variant. This tight integration significantly 
reduces time, errors, and manual overhead. 

This PLE approach, based on international 
standards like ISO/IEC 26580:2021, enables 
organizations to:  

Move from a reactive, project-based model to 
a proactive, product-line-centric strategy.

Ensure traceability and consistency while 
maximizing reuse to reduce cost across all 
variants and lifecycle phases.

Scale across domains and disciplines - from 
embedded software to mechanical systems to 
documentation. 

Once PLE is established, engineers collaborate on 
evolving the shared asset base and the Feature 
Catalogue, rather than duplicating work across 
isolated programs. Changes are governed and 
propagated systematically, and the creation of new 
system configurations becomes an instantiation 
process - not a new development effort.  

This shift not only delivers faster, higher-quality 
results, but also creates strategic alignment 
between engineering, program management, 
suppliers, and regulators.  

Feature-Based  
Product Line Engineering
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Faster Time-to-Market: Rapidly configure 
systems for new customers, use cases, or 
theaters of operation. 

Reduced Risk: Reuse of validated components 
means fewer surprises during integration, testing, 
or audit.  

Improved Quality: One fix propagates across 
all systems—ensuring consistency and 
traceability.  

Engineering Focus: Free top talent from 
repetitive tasks and let them drive innovation 
where it matters.

Stronger Supply Chain Interoperability: 
Suppliers work from the same digital logic and 
variability model. 

Strategic Benefits for  
Industrial Manufacturers

Product Line Engineering in a Nutshell:
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REACH OUT TO START THE CONVERSATION:

Florian Harzenetter 
Industry Advisor, 
Industrial Advisor 

Email:  
fharzenetter@ptc.com

LinkedIn contact:

Leading industrial manufacturers like Vestas are 
already proving what’s possible:  

Vestas, the global leader in sustainable energy 
solutions, has embarked on a multi-year digital 
transformation journey to establish a product-centric 
way of working across engineering, manufacturing, 
and service operations. By leveraging enterprise-
wide PLM and a connected digital thread, Vestas is 
accelerating innovation while maintaining the 
quality, sustainability, and reliability required to 
support the world’s largest fleet of wind turbines. 

Key Results 

•	 Improved collaboration across global teams 
•	 Faster product development and innovation 
•	 More efficient manufacturing processes 
•	 Enhanced service support for over 57,000 wind 

turbines 
•	 Greater reuse of product information throughout 

the lifecycle

With more than 12,000 service technicians in 78 
countries, Vestas demonstrates how a connected 
digital foundation helps organizations scale 
operations, improve efficiency, and deliver 
sustainable energy worldwide. 

Why it matters: Vestas shows how digital 
transformation and a connected product lifecycle 
can create real business value—from engineering 
and manufacturing through long-term service and 
support. 

Source: ptc.com

Real-World Success  
Snapshots: PLE at Scale

https://www.ptc.com/en/technologies/plm/digital-innovation/vestas?srsltid=AfmBOoo_nT2-UT7oFpYfBkIE8RDC-8sI62HRW6qoSlgvJU9obZAsod2L#engineering
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Executive Summary:  
Driving Industrial Performance 
Through Consistency

For industrial manufacturers, their competitive 
edge depends on innovating faster than the 
competition. Specifically, market leaders are 
transforming new product development to 
be faster, more cost-effective, and capable of 
rapid response to regulatory changes across 
geographies. Traditional engineering approaches, 
which are fragmented, manual, and slow, no 
longer meet the demands of modern programs 
or the expectations of government stakeholders. 

This whitepaper presents Feature-Based 
Product Line Engineering (PLE) as a key 
strategy to meet the demand for increasingly 
complex industrial systems by enabling 
the reuse of engineering assets, reducing 
duplication, and managing variability across 
product families. By shifting focus from individual 
products to product lines organized around 
common features, industrial manufacturers 
can dramatically reduce duplication of effort, 
increase quality and consistency, and maintain 
rigorous traceability across the lifecycle. 

Product Line Engineering (PLE) is not just a 
development method. It’s a transformation of 
your operating model and a strategic backbone 
for digital-era operational excellence. Instead of 
building each system from the ground up, teams 
work from a validated, governed core, achieving 
speed, precision, and reuse across the product 
line. This approach accelerates delivery by 
aligning engineering, program management, and 
suppliers through a common feature model.  

Feature-Based PLE enables true end-to-end 
reuse - from requirements through design, 
software, hardware, and testing - empowering 
teams to rapidly configure, validate, and deliver 

product-specific systems that meet evolving 
customer and regulatory demands. By adopting 
PLE, industrial manufacturers gain:  

Greater agility to respond to new product 
configurations, export restrictions, or customer-
specific requirements, without engineering from 
scratch 

Strategic reuse across programs and variants, 
cutting costs and saving engineering hours 

Accelerated time-to-delivery through 
automated configuration of product variants 

Built-in compliance and traceability, 
increasing production control

A unified digital foundation that supports 
MBSE, PLM/ALM and digital twin initiatives 

Feature-based PLE empowers platform-centric 
engineering teams to turn complexity into 
control and variability into value. It helps 
organizations scale innovation, optimize costs 
and adapt to evolving requirements – without 
compromise. Powered by PTC’s integrated 
digital engineering solutions, PLE becomes a 
force multiplier, driving faster delivery, improved 
margins and greater confidence across every 
contract. From complex manufacturing systems 
to next-generation industrial machinery, PLS 
ensures each variant is produced right the first 
time. 

Start your journey today. Your next mission 
begins with consistency and control. Talk to 
our experts to find out how PLE from PTC helps 
defense leaders scale with confidence.
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