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This white paper introduces an innovative solution: sensXPERT Digital Mold. This state-of-the-

art technology offers a path towards a more efficient, transparent, predictable, and cost-

effective future in plastics part processing.

 

The following sections will explore each challenge in detail, outlining their impact on

manufacturers. Throughout the white paper, you will discover how sensXPERT addresses these

critical issues, ultimately empowering plastics processors to achieve new levels of quality and

efficiency. 
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From Uncertainty to
Unprecedented Efficiency:
Transforming Plastics
Processing with sensXPERT

The plastics industry is a cornerstone of modern manufacturing,
but a multitude of challenges can come in the way of efficient,
high-quality, and profitable production. This white paper delves
into these critical issues, including: 

In-Mold Material Deviations 
Part Defects and Scrap Production 
Inefficient Processes and Supply Chain
Disruptions 
Cost-Effectiveness Difficulties 
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Overcoming In-Mold
Material Deviations 
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Plastics manufacturing holds immense

potential for innovation and advancement

across countless industries.  

But what happens when the very heart of the

production process, the in-mold material

behavior, remains hidden behind a ‘black box’?

Inconsistent quality, increased scrap rates, and

higher energy consumption become costly

obstacles, hindering efficiency and profitability.

  

While the desired outcome is a perfectly

formed product, the reality often involves

unpredictable material behavior leading to

deviations like shrinkage, warpage, and voids.

At the same time, closed-mold processes and

limited data visibility make it difficult to

pinpoint the root causes of these deviations. 

In this section, we explore the consequences

of 'black box’ processes and analyze the

challenges it poses for production efficiency

and quality control. Further along, we present

a solution to demystify material behavior within

the manufacturing ‘black box’ and encourage

manufacturers to gain full control of their

processes. 
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Dimensional Instability: Whether it is

shrinkage, warpage, or distortion,

deviations in final part dimensions can

occur due to factors like uneven

temperature, mold design, material

properties, and processing parameters.

This can lead to parts that do not meet

specifications, impacting functionality,

assembly, and overall quality. 

Internal Defects: Trapped air, gases, or

contaminants can create voids, bubbles,

or inclusions within the molded material.

These internal defects weaken the

structure, potentially affecting

performance and compromising safety. 

 

Surface Imperfections: Flow lines, sink

marks, and roughness on the finished

surface can arise from issues like injection

pressure, temperature control, or material

properties. These imperfections not only

damage the product’s aesthetics but can

also impact its functionality. 

Inconsistent Properties: Variations in

material properties throughout the

molding process can lead to

inconsistencies in strength, flexibility, or

other desired characteristics. This can

compromise product performance and

reliability. 

Material Behavior Deviations

Whether dealing with thermosets,

thermoplastics, or elastomers, the closed-

mold process promises precision but often

faces unseen challenges that manifest as

deviations in material behavior. These

deviations can significantly impact the final

product’s quality, functionality, and aesthetics.
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Understanding the source of these deviations

is crucial for all closed-mold processes.

However, the opaque nature of traditional

methods often makes it difficult for plastics

processors to pinpoint the exact cause of error.

This lack of transparency can hinder

optimization efforts and leaves manufacturers

struggling to control and predict material

behavior within the mold. 

Furthermore, troubleshooting errors in opaque

processes is time-consuming and costly. The

lack of data makes it difficult to pinpoint the

source of deviations, leading to trial-and-error

adjustments and extended downtime, which

impedes production efficiency and increases

operational costs.  

The consequences of the manufacturing

‘black box’ extend beyond immediate

production concerns. They impact brand

reputation, customer trust, and the ability to

compete in a market that increasingly

demands transparency and sustainability.  

5

The Consequences of the
Manufacturing ‘Black Box’

The manufacturing ‘black box’, due to which

crucial details about material behavior remains

difficult to visualize or understand, comes with

significant consequences that impact plastics

manufacturers on various levels.  

For one, without continous insight into in-mold

material behavior, inconsistencies in the final

product are more likely to occur. A

manufacturing environment with fluctuating

product quality can face potential safety

hazards and, ultimately, customer

dissatisfaction.  

Additionally, unforeseen deviations often

translate to unusable products, resulting in

increased scrap rates and wasted materials.

This in turn leads to financial losses that impact

production efficiency and profitability.  

From Black Box to Controllable
System

Historically, closed-mold manufacturing has

been constrained by a lack of real-time insights

into material behavior within the mold,

hindering process optimization and quality

control. This ‘black box’ phenomenon has

resulted in inconsistencies, inefficiencies, and

ultimately, limitations in achieving optimal

production outcomes. 

However, advancements in sensor technology,

data analytics, and modeling tools are paving

the way for a paradigm shift. sensXPERT

Digital Mold stands as a solution that

empowers manufacturers to transition from

opacity to controllability and unlock the full

potential of their closed-mold processes.  
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Integrated Sensor System for
Comprehensive Data Acquisition 
 

At the core of the sensXPERT Digital Mold

Solution lies advanced sensor technology

embedded directly within the mold cavity.

These sensors capture many crucial

parameters in real-time, including viscosity,

degree of cure and crystallization, glass

transition temperature, and more within the

solidifying material. 

This comprehensive data acquisition offers

complete visibility into the previously opaque

environment, enabling processors to locate

potential deviations and proactively address

them. 

 

Advanced Analytics and Machine
Learning for Predictive Optimization 

sensXPERT Digital Mold goes beyond data

collection. Advanced machine learning

algorithms are hosted on the sensXPERT Edge

Device to process the acquired sensor data

and historical production records. These

algorithms identify patterns, predict process

outcomes, and, through the Web App - an

interface to the Edge Device - visualize a

process’ trajectory.  

This predictive capability allows

manufacturers to proactively adjust process

parameters, such as temperature or pressure,

to ensure consistent material behavior and

product quality throughout production runs. 

6

Continuous Learning and Sustainable
Performance Improvement 
 

sensXPERT’s machine learning algorithms

constantly evolve by analyzing vast datasets

and incorporating insights from each process

cycle. This ongoing retraining leads to

progressively refined predictions and

recommendations that enable manufacturers

to achieve ever-improving process

optimization and minimize material waste. 

Additionally, the system’s focus on real-time

monitoring and dynamic process adjustments

contributes to a more sustainable

manufacturing environment by reducing

consumption and minimizing scrap generation.

 

sensXPERT's comprehensive Digital Mold

Solution empowers processors to go beyond

the traditional limitations of ‘black box’

manufacturing and make use of their

production’s full potential. 
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Eliminating Defects:
Minimize Scrap to
Maximize Yield
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Plastics manufacturing thrives on efficiency;

each step, from raw material production to

final product processing, requires precise

control. However, unwanted material loss,

commonly referred to as scrap, is a significant

challenge that burdens many manufacturers.

Defects, inconsistencies, and unforeseen

variations can create out-of-spec parts and

disrupt production lines, impacting profitability

and sustainability.  

Beyond the immediate financial impact, scrap

generation carries significant downstream

consequences. Sorting, handling, and

disposing of unusable material consumes

valuable time, resources, and energy, which

adds to the unnecessary burden on production

processes. Furthermore, the environmental

implications of discarded plastics increase

concerns regarding the industry’s

sustainability.   

This section explores the challenge of scrap

production, investigates the role of cutting-

edge technologies in preventing material

waste, and empowers plastics processors with

the tools to minimize scrap and maximize yield.  
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Flow Lines: These surface imperfections

are caused by uneven material flow, which

impacts visual appeal and potentially

compromises mechanical properties.   

Sink Marks: These are depressions on the

part surface due to uneven shrinkage and

often occur in thicker sections.   

Voids and Bubbles: Trapped air manifests

as voids or bubbles, thus compromising a

part’s structural integrity and potentially

causing product failure.   

Warpage: Internal stresses or uneven

cooling can lead to warped products,

affecting functionality and aesthetics.   

Undercure: Insufficient curing can result in

soft, weak products vulnerable to

deformation.  

Overcure: Excessive curing can cause

internal stresses and cracking.  

What is Scrap in Plastics
Manufacturing?

Scrap is any processed material or part

considered unusable due to defects,

inconsistencies, or variations that have

compromised its intended functionality or

aesthetic qualities. This can manifest in various

forms, including:  

You can read more about
manufacturing defects in  

‘The Problem with Plastic: #1
Manufacturing Defects’.
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Factors Contributing to Scrap Production

Several factors might contribute to the

development of defects and scrap production

in a manufacturing environment.  

Machine and mold malfunctions –

Improper calibration, worn equipment, or

faulty mold design can contribute to

defects and subsequent scrap generation. 

 

Material inconsistencies – Variations in raw

material properties or contamination can

lead to unpredictable processing behavior

and unwanted defects.  

Process parameter deviations – Inaccurate

settings for processing parameters like

temperature, pressure, and cure time can

cause defects and scrap formation  

Environmental factors – Humidity,

temperature fluctuations, or dust

contamination within the production

environment can contribute to defect

development.  

9

The Costly Consequences of
Scrap Generation

The implications of scrap production extend

beyond the immediate loss of material.

Excessive scrap has negative financial

implications, operational inefficiencies,

environmental impact, and brand reputation.  

Financial Burdens and Production
Inefficiencies

The most direct consequence of scrap is the

financial burden it presents. The lost material

represents a monetary loss, often amounting

to a significant percentage of raw material

costs. The associated costs of rework, waste

disposal, and potential downtime further

exacerbate the financial strain. These

combined factors can negatively impact profit

margins and hinder a manufacturer’s

economic health.  

Furthermore, scrap production disrupts the

smooth flow of production processes, leading

to inefficiencies that consume valuable

resources. Sorting, handling, and disposing of

scrap add unnecessary steps and require

additional human resources, time, and energy. 

Environmental Detriments and
Reputational Damage

Consequently, this translates to reduced

production capacities, increased lead times,

and higher operational costs. Additionally,

inefficiencies associated with scrap

management can have unfavorable

consequences on overall production quality

and consistency.  

The environmental consequences of scrap

generation can be detrimental. Discarded

plastic, if not properly managed, finds its way

into landfills or leaks into ecosystems, posing

significant ecological threats. On top of that,

manufacturers with increased scrap

production can face difficulty with adhering to

sustainability regulations.   
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Accordingly, in this increasingly

environmentally conscious society, the issue of

plastic waste and its associated environmental

impact significantly influences consumer

perception. Therefore, brands associated with

excessive scrap generation might risk

reputation damage and face consumer

backlash.   
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The Future of Waste Reduction
in the Plastics Industry

Emerging trends and technologies, such as

circular economy principles, biodegradable

plastics, and artificial intelligence, can advance

waste reduction in plastics manufacturing,

ushering in a more sustainable and efficient

future.   

Circular Economy

Embracing circular economy principles sets

forth a paradigm shift from the traditional

‘take-make-dispose’ model and focuses on

designing for recyclability and reuse to

minimize waste. This involves designing

products for disassembly, choosing recyclable

materials, and developing closed-loop

manufacturing systems.  

By designing products for recyclability, the

focus is shifting from single-use products to

products designed for disassembly and

reintegration into the production cycle.   

Additionally, closed-loop manufacturing

systems prioritize the internal circulation of

materials within the production line. Thus,

scrap products generated in one process are

reintroduced as feedstock for another, which

minimizes external waste and maximizes

resource utilization.   

Biodegradable Plastics

These material alternatives offer a potential

solution to plastic pollution concerns.

Microorganisms decompose biodegradable

plastics under specific conditions to reduce

landfill waste and microplastic pollution.

However, biodegradability depends on the

environment and might not be suitable for all

applications.  

Artificial Intelligence and Machine
Learning: Predicting and Preventing
Defects  

Waste reduction can begin as early as defect

prevention during processing to ensure that no

scrap is produced. In this case, artificial

intelligence and machine learning are powerful

tools to combat scrap.  

Predictive algorithms, for instance, can analyze

vast amounts of production data, identifying

patterns and correlations that predict potential

defects before they occur. This proactive

approach enables real-time adjustments to

process parameters, minimizing scrap

generation.  
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While traditional quality control methods, like

manual inspections and batch-based testing,

have served the industry well for decades, they

often fall short in the face of modern

production demands. These static checks offer

limited snapshots of material quality, leaving

room for defects to remain undetected and

contribute to downstream scrap generation. 

  

Moreover, most traditional methods are

reactive in that they identify defects after they

have occurred and cannot predict and prevent

issues before they arise. Additionally, batch

testing lacks comprehensive insight into

moment-by-moment material behavior and

process variations.   

Fortunately, a new approach has emerged to

make up for the limitations of traditional quality

control methods.   
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Beyond Static Checks

Real-Time Material
Characterization & Predictive
Algorithms 

The future of quality control lies in continuous

monitoring and predictive capabilities.

sensXPERT Digital Mold, as previously

mentioned, is a solution that combines

hardware and software components to

integrate real-time material characterization

and predictive algorithms directly into the

mold.   

The embedded sensors throughout the

production line gather real-time data on key

material properties.

When paired with sophisticated predictive

algorithms, this wealth of real-time information

empowers processors to detect defects early

and proactively adjust and optimize processes

to reduce scrap, improve efficiency, and

enhance product quality.   

How does sensXPERT do this? Continuous

material monitoring allows for the immediate

identification of anomalies and the prediction

of potential deviations to prompt early process

intervention. In this way, machine operators

can adjust process parameters and ensure

consistent, high-quality output.  

   

Embracing real-time material characterization

is not just a technological shift but a strategic

move ensuring a future of defect prevention

and zero scrap production.   
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Inefficient Processes
& Supply Chain
Disruptions
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In 2023, Siemens released a report that

presents ‘The True Cost of Downtime 2022’.

According to the report, Fortune Global 500

companies are now losing a staggering 11% of

their yearly turnover, or nearly $1.5 trillion, due

to unplanned downtime. This figure paints a

concerning picture for the plastics industry,

where efficient production is paramount. 

Machine or production downtime is just one of

the manifestations of inefficient processes,

others being ineffective material management,

and a shortage of skilled labor. These factors

create bottlenecks and hinder production flow.

At the same time, disruptions within the supply

chain further exacerbate these issues.

Shortages in raw materials, transportation

delays, and logistical hurdles significantly

impact the availability of critical resources and

impede overall production schedules. 

Understanding the interplay between

inefficient processes and supply chain

disruptions is crucial for navigating the current

landscape of plastics manufacturing. That said,

this section explores these challenges,

analyzes their impact on production, and

explores potential solutions for ensuring a

more robust and efficient future for the

industry.  

Process Inefficiencies:
Bottlenecks and Lost
Production Time  

The efficiency of a production line directly

translates to a manufacturer’s bottom line. In

plastics manufacturing, even minor

inefficiencies can lead to significant losses.

This section tackles the various process

inefficiencies that plague the industry, starting

with a hidden time drain: troubleshooting part

defects and scrap. 

Diagnosing Defects: The Hidden Cost of
Downtime 

While equipment breakdowns or malfunctions

are a well-known cause of downtime, locating

the origin for part defects and scrap can be a

more inconspicuous time drain. Unlike machine

failures, defect-related downtime might not be

readily apparent. However, the cumulative

effect of these pauses in production can be

substantial.  

Identifying the root cause of part defects can

be a complex process. It often involves

analyzing the produced scrap, reviewing

machine settings, and potentially even

adjusting material formulations. This

investigative work requires skilled personnel

and can take significant time, leading to

production delays.
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Additionally, even short interruptions for defect

diagnosis can disrupt the flow of production.

Molds may need to be cleaned, settings

adjusted, and test runs conducted before

normal production resumes. These seemingly

minor interruptions can add up significantly,

impacting overall production output.  

 

Material Management Issues 

Besides troubleshooting part defects, material

management is another factor that can impact

production efficiency. Plastics manufacturers

can find it challenging to optimize their

material usage and attain consistency in

product quality. 

 

One reason for this challenge is the tendency

for material overuse in production. The

inefficient use of raw materials can bring on

significant waste. This can be caused by

factors such as improper mixing ratios,

inaccurate molding processes, or spills during

handling. 

Another material management challenge is

inconsistent raw material quality. Fluctuations

in the quality of raw materials, such as resins

and additives, can cause inconsistencies in the

final product. This can necessitate adjustments

to production processes or even result in part

defects, triggering the downtime issues

discussed earlier.  

The challenges of material management have

a direct impact on production efficiency and

profitability. Variations in material quality can

trigger production delays and rework. Material

overuse increases costs and leads to excess

waste. In the next sub-section, we will explore

another major contributor to process

inefficiencies – the shortage of skilled labor

within the plastics manufacturing industry.  

A Growing Bottleneck: Skilled Workforce
Shortage

The complexities of modern plastics

manufacturing require a skilled workforce with

a deep understanding of machinery, materials,

and production processes. However, the

industry faces a growing challenge: a shortage

of skilled labor. This lack of expertise creates

bottlenecks and inefficiencies throughout the

production line. 

For one, modern plastics processing

equipment is elaborate and requires skilled

operators to ensure efficient and safe

operation. A shortage of qualified personnel

can contribute to improper machine settings,

increased wear and tear, and ultimately, more

frequent breakdowns. 

Additionally, skilled quality control technicians

are needed to inspect raw materials, finished

products, and identify potential defects. A lack

of qualified personnel in this area can lead to

overlooked defects and product quality

inconsistencies. 
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Moreover, the plastics industry is constantly

evolving, with new technologies like

automation and predictive algorithms playing

an increasingly important role. A skilled

workforce with the ability to adapt to and

leverage these advancements is crucial for

staying competitive. The lack of qualified

personnel who possess these skills can hinder

the industry’s ability of innovative and improve

efficiency.  

By addressing process inefficiencies like

downtime, material management issues, and

the lack of skilled labor, plastics manufacturers

can ensure a more efficient, cost-effective, and

sustainable future for their operations.  

In the following sub-section, we will explore

the challenges of supply chain disruptions,

another major factor impacting production

efficiency. 

These disruptions can manifest in two ways:

raw material shortages and transportation

delays and logistics issues. 

Raw Material Shortages

The plastics industry relies on a steady supply

of various raw materials, such as resins,

additives, and fillers. However, recent years

have seen disruptions in the availability of

these critical materials. Geopolitical instability,

resource depletions, and unexpected events

like natural disasters or pandemics can all

contribute to raw material shortages. 

For instance, material shortages have risen in

Germany with 9.3% of companies in the rubber

and plastic products sector reporting

shortages in February 2024. More broadly,

14.6% of companies in the manufacturing

sector reported material shortages. 

Supply Chain Disruptions

The pursuit of efficiency in plastics

manufacturing does not solely hinge on

internal processes. External factors can also

significantly disrupt production. This sub-

section explores the problems posed by supply

chain disruptions. 

Traditionally, a streamlined supply chain

ensures a steady flow of raw materials and the

timely delivery of finished goods. However,

recent years have witnessed a surge in

disruptions partly on account of the COVID-19

pandemic and geopolitical instabilities,

creating a more turbulent environment for

manufacturers.  
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Additionally, Capterra conducted a ‘2023

Manufacturers’ Resource Management

Survey’ which found that a significant portion

(80%) of small and mid-sized manufacturers

report moderate to high concern about getting

the raw materials they need over the next year.

Plastics, oil, and plant-based materials are in

the tightest supply.  

The consequences of such shortages are far-

reaching. 

Production Delays and Missed Deadlines:
When essential raw materials are unavailable,

production lines can grind to a halt. This results

in delays with fulfilling orders and potentially

missing- deadlines, impacting customer

satisfaction and business relationships. 

Price Fluctuations and Increased Costs:
Disruptions in the supply chain often lead to

price hikes for raw materials. Plastics

manufacturers are then faced with the

challenge of absorbing these increased costs

or passing them on to customers, potentially

impacting competitiveness. 

Such challenges include: 

Congestion at Ports and Shipping Delays –

Increased global trade volumes can trigger

congestion at ports, causing delays in the

shipment of raw materials. Furthermore,

factors like labor shortages and

unpredictable weather can exacerbate

these delays. 

Rising Fuel Costs and Transportation

Expenses – Fluctuations in fuel prices can

significantly impact transportation costs.

This can put pressure on profit margins for

plastics manufacturers and potentially

hinder their ability to secure reliable

transportation options. 

The combined effects of raw material

shortages and transportation delays can

greatly disrupt production schedules, increase

costs, and create uncertainty within the

plastics manufacturing industry. 

Transportation Delays and Logistics Issues 

Even when raw materials are readily available,

their timely delivery is crucial for efficient

production. However, the global logistics

landscape faces numerous challenges, playing

a role in transportation delays and disrupting

the smooth flow of materials.  
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The challenges posed by process inefficiencies

and supply chain disruptions demand

innovative solutions. Industry 4.0 is a new

wave of industrial automation and data-driven

technologies that offers a potential path

towards a more efficient and resilient future for

plastics manufacturing.

  

Industry 4.0 represents a paradigm shift

towards smart manufacturing. By leveraging

data analytics, automation, and digital

connectivity, plastics manufacturers can gain

greater control over their processes and build

a more robust supply chain. Here, we will

explore two key areas where Industry 4.0

technologies offer significant potential. 

Automation and Smart Technologies:
Optimizing Processes and Empowering
Workers 

Automation has long played a role in plastics

manufacturing, but Industry 4.0 takes it a step

further with the integration of advanced

technologies like: 

Industrial Robotics - Robots can automate

repetitive tasks such as material handling,

machine loading/unloading, and quality control

inspections. 

Real-Time Process Monitoring and
Predictive Algorithms - Sensor-enabled

machines and advanced analytics can provide

real-time insights into production processes.

This allows for early detection and enables

adaptive process control, minimizing

unplanned downtime and optimizing process

outcomes.  

These technologies not only improve efficiency

but also empower the workforce. By

automating mundane tasks, Industry 4.0 allows

workers to focus on higher-level activities like

process improvement, optimization, and data

analysis. 

 

Building a Connected Supply Chain:
Collaboration and Visibility 

Industry 4.0 technologies also pave the way for

a more connected and transparent supply

chain. By fostering collaboration and

information sharing with suppliers and logistics

partners, plastics manufacturers can gain

greater visibility into the flow of materials and

proactively address potential disruptions.  

Cloud-based supply chain platforms can

facilitate communication and data exchange

between all stakeholders within the supply

chain. This increased transparency allows for

better forecasting, proactive inventory

management, and a faster response to

disruptions.

Investigating Industry 4.0
Technologies
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Recent years have seen many factors adding

significant pressure on the economic viability

of plastics manufacturing. Rising costs across

the entire value chain threaten to compromise

profit margins and hinder the industry’s ability

to deliver cost-effective solutions to

customers. 

This section investigates the core economic

factors driving cost pressures within plastics

manufacturing.  

One the one hand, the plastics industry faces

the challenge of volatile raw material costs.

The price of virgin plastics, derived from

petroleum products, fluctuates in tandem with

global oil prices. This instability presents a

hurdle for manufacturers seeking to maintain

predictable production costs. 

Furthermore, the growing demand for

sustainable production has spurred a

considerable increase in demand for recycled

plastics. While this trend contributes to great

environmental benefits, it has also driven up

the cost of recycled materials, further

complicating the cost equation for

manufacturers. 

Besides material costs, energy optimization in

production and evolving regulatory landscapes

present their own challenges in maintaining

cost-effective manufacturing. As such, we will

explore a range of strategies that can be

employed by manufacturers to navigate these

challenges and achieve cost-effectiveness.

 

These strategies encompass material selection

and optimization, energy efficiency initiatives,

and advancements in production processes.

By understanding the economic landscape

and the available tools for cost reduction,

plastics manufacturers can ensure their

continued competitiveness in a dynamic

market. 

This section aims to equip industry

professionals with the knowledge and insights

necessary to navigate these challenges and

achieve economic sustainability in the long

term.  

At the same time, closer collaboration with raw material suppliers and logistics providers can also

enable more accurate forecasting and planning. This helps to mitigate the risk of shortages and

ensures a steady flow of materials to meet production demands.  

By embracing Industry 4.0 technologies and fostering a collaborative approach with the supply

chain, the plastics manufacturing industry can navigate the challenges of inefficiencies and

disruptions, charting a course towards a more efficient, sustainable, and resilient future. 

3 Strategies for Cost-Effective
Plastics Manufacturing
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Maintaining cost-effectiveness in plastics

manufacturing requires a multi-pronged

approach that addresses the various factors

impacting the bottom line. Here, we delve into

the core cost drivers that plastics

manufacturers must navigate; raw materials,

energy consumption, and manufacturing

inefficiency.  

 

Raw Materials 

Raw materials form the very foundation of

plastics manufacturing, and their cost

fluctuations pose a significant challenge to

maintaining profitability. Oil price fluctuations

and the rising cost of recycled plastics are two

key factors influencing raw material costs. 

 

Fluctuations in Oil Prices 

A large portion of plastics are derived from

petroleum-based feedstocks. The price of

crude oil directly impacts the cost of virgin

plastic resins, the primary raw material for

many plastics manufacturers. Geopolitical

instability, supply chain disruptions, and

exploration and production costs all contribute

to oil price volatility. This translates to

unpredictable fluctuations in the cost of virgin

plastics, making it difficult for manufacturers to

maintain consistent pricing models. 

Recycled Plastics 

As environmental consciousness increases, the

demand for sustainable practices in plastics

manufacturing is surging. Recycled plastics

offer an attractive alternative, but their cost

dynamics are evolving. While recycled content

can offer environmental benefits, its price can

sometimes rival virgin plastic due to: 

Limited Availability: The current

infrastructure for collecting and processing

plastic waste is not yet fully developed,

leading to a limited supply of high-quality

recycled content. This scarcity can drive

up prices, especially for specific types of

recycled plastics needed for certain

applications. 

Processing Costs: Sorting, cleaning, and

reprocessing plastic waste require

additional processing steps compared to

virgin materials. These additional steps can

translate to higher costs for manufacturers

who utilize recycled content. 

 

Energy Consumption 

Energy consumption is another major cost

driver in plastics manufacturing. Every stage of

the production process, from heating and

melting raw materials to powering machinery

and cooling finished products, requires

significant energy input.

Key Cost Drivers in Plastics
Manufacturing
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That said, there is a dependence on fossil fuels

as a large portion of the energy used in plastics

manufacturing comes from traditional fossil

fuels like natural gas and electricity.

Fluctuations in global energy prices directly

impact the operating costs of production

facilities. 

Alternatively, while fossil fuels remain

dominant, there's a growing interest in

exploring alternative energy sources like solar

or wind power. Renewable energy offers long-

term cost stability and environmental benefits,

but the upfront investment in installing and

maintaining renewable energy systems can be

significant.  

 

Manufacturing Inefficiency

While the focus of any manufacturing

operation is to produce quality goods,

inefficiencies in the process can silently erode

profits. In plastics manufacturing, these

inefficiencies manifest in several ways, driving

up overall costs: 

Wasteful Practices: Inefficiencies often

lead to wasted resources. This includes

scrap generated from poorly calibrated

machinery, excess material usage due to

inadequate process control, and additional

energy consumption from unnecessary

production steps. Each instance of waste

translates to higher costs for raw materials,

energy, and potentially disposal fees.

Downtime and Delays: Production

bottlenecks, equipment malfunctions, and

poorly planned workflows can result in

significant downtime. Every minute of

halted production represents lost

opportunity and increased costs.

Downtime can also lead to rushed

production runs, further increasing the risk

of errors and waste. 

Suboptimal Energy Consumption:

Inefficient processes often require more

energy to achieve the same output. This

could be due to outdated equipment with

lower energy efficiency ratings, poorly

insulated facilities leading to heat loss, or

simply not optimizing production cycles to

minimize energy usage. 

By addressing these inefficiencies, plastics

manufacturers can unlock significant cost

savings and improve their overall profitability.

The next sub-section will explore three

strategies for achieving plastics manufacturing

efficiency.
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The economic landscape of plastics

manufacturing is constantly evolving,

demanding a multi-faceted approach to

maintain profitability. Fluctuations in raw

material prices, energy costs, and the need for

efficient production all require strategic

solutions. Fortunately, there are three key

strategies that plastics manufacturers can

implement to navigate these challenges and

achieve cost-effectiveness. Namely, material

optimization, energy efficiency initiatives, and

streamlining production processes. 

 

Material Optimization

Material selection and utilization play a critical

role in cost control for plastics manufacturers.

In today's dynamic market, where raw material

prices can fluctuate significantly, optimizing

material usage is no longer just about

minimizing waste - it's about strategically

leveraging materials to maximize value and

environmental benefits. 

Strategic Use of Recycled Content

For instance, incorporating recycled plastic

content into your products, where feasible and

maintaining quality standards, offers a cost-

effective and environmentally conscious

solution. 

On one hand, it can lead to cost savings

compared to virgin plastics, depending on

market conditions. On the other hand, it

contributes to a more sustainable production

process by reducing reliance on virgin

materials and diverting plastic waste from

landfills.  

The key lies in striking a balance between

utilizing recycled materials and managing

potential cost fluctuations associated with

their availability. Investing in partnerships with

reliable suppliers of high-quality recycled

content can help mitigate these fluctuations. 

 

Exploring Alternative Materials 

Innovation in sustainable materials offers

exciting possibilities for cost-effective and

environmentally conscious manufacturing.

Investigate the viability of bioplastics or other

innovative materials for specific applications.  

Bioplastics derived from renewable resources

like plant starch can potentially offer long-term

cost benefits and cater to the growing demand

for sustainable solutions. However, a thorough

cost-benefit analysis is crucial to ensure these

alternatives align with your production

processes and product requirements.  

Factors to consider include the availability and

cost of bioplastics compared to traditional

materials, their suitability for the desired

functionality of your product, and any potential

adjustments needed to your manufacturing

processes. 

3 Strategies to Maintain Cost-
Effective Manufacturing 

From Uncertainty to Unprecedented Efficiency

© Copyright 2024 by sensXPERT / NETZSCH Process Intelligence. All rights reserved



22

Energy Efficiency Initiatives

Energy consumption is a major cost driver in

plastics manufacturing, with traditional fossil

fuels like natural gas and electricity

significantly impacting operating expenses.

However, the landscape is evolving, and

plastics manufacturers can embrace

alternative energy solutions that not only

deliver cost savings but also contribute to a

more sustainable future. 

For one, manufacturers can explore the

feasibility of incorporating renewable energy

sources like solar or wind power into their

production facilities. While upfront investment

costs for installing solar panels or wind

turbines exist, the long-term benefits are

substantial. 

Additionally, upgrading to modern machinery

with features like variable-speed drives and

improved insulation can significantly reduce

energy consumption over time. These features

allow for adjustments based on production

needs and minimize energy loss. 

Moreover, streamlining production processes,

which will be detailed further below, can also

have a major impact. This includes optimizing

production cycles to minimize equipment

operation times, implementing heat recovery

systems to reuse waste heat, and prioritizing

preventative maintenance to ensure peak

equipment efficiency. 

Minimizing Material Waste

Every gram of wasted plastic translates to

higher costs. Implementing strategies to

minimize material waste throughout the

production process can yield significant

savings. This could involve:  

Investing in machine calibration:

Regularly calibrating machinery ensures

consistent production output and

minimizes the generation of rejects due to

inaccurate measurements. 

Exploring waste material reuse:

Depending on the type of plastic and

application, exploring technologies for

reusing waste material within your product

line can be a cost-effective solution. This

could involve grinding scrap into usable

pellets or utilizing leftover materials for

non-critical components within your

product. 

Utilizing in-mold material
characterization sensors*: These

sensors can monitor your in-mold material

behavior and enable you to dynamically

adjust your process according to the

curing, vulcanization, or crystallization

behavior of the material. 

 
*Such as sensXPERT Digital Mold. 
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Streamlining Production Processes

Every step in the production line presents an

opportunity to identify and eliminate waste,

ultimately leading to significant cost savings.

Streamlining manufacturing operations by

building strong supplier relationships,

implementing lean manufacturing principles,

and investigating in automation can generate

significant savings. 

Building Strong Supplier Relationships

Developing strong partnerships with reliable

raw material suppliers offers a double benefit.

Firstly, it allows for potentially better pricing

through negotiation and access to favorable

terms. Secondly, a reliable supply chain

minimizes disruptions and delays in production,

which can lead to increased costs. Diversifying

your supplier base can further mitigate risk in

case of unforeseen circumstances with a

single source. 

 

Process Improvement through Lean

Manufacturing 

Lean manufacturing principles provide a

powerful framework for continuous

improvement and waste elimination.

Techniques like value stream mapping help

identify and eliminate non-value-added

activities within your production process.

Implementing Kanban inventory management

ensures you have the right materials on hand

when needed, minimizing waste and storage

costs. 

Additionally, adopting just-in-time (JIT)

inventory practices reduces the need for

excessive storage space and minimizes the risk

of material obsolescence. By embracing lean

principles, manufacturers can streamline

production, reduce waste, and ultimately,

achieve cost-effectiveness. 

 

Investing in Automation 

While automation requires a careful cost-

benefit analysis, strategically implemented

automation can lead to significant long-term

savings. Automating repetitive tasks can free

up human labor for higher-value activities,

improve production consistency by minimizing

human error, and potentially reduce material

waste. However, it's crucial to evaluate the

specific needs of your production line and the

cost of automation equipment before making

an investment. 

By implementing these strategies, plastics

manufacturers can achieve significant cost

savings through streamlined production

processes. A focus on optimizing the entire

production chain, from supplier relationships to

automation opportunities, paves the way for

efficient and cost-effective manufacturing. 
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The plastics manufacturing industry faces a

dynamic landscape with fluctuating costs and

ever-evolving regulations. However, by

adopting a strategic approach, manufacturers

can navigate these challenges and achieve

long-term economic sustainability.  

This section explored three core strategies for

cost-effectiveness: material optimization,

energy efficiency initiatives, and streamlined

production processes. 

Implementing these strategies requires a

multi-pronged approach. Manufacturers can

optimize material usage by incorporating

recycled content strategically, exploring

alternative materials, and minimizing waste

throughout production. Energy consumption

can be reduced by upgrading to energy-

efficient equipment, exploring renewable

energy sources, and optimizing production

cycles. Streamlining processes involves

building strong supplier relationships,

implementing lean manufacturing principles,

and strategically leveraging automation.  

By embracing these strategies, plastics

manufacturers can not only achieve cost

savings but also contribute to a more

sustainable future for the industry. 
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The challenges facing the plastics processing industry are undeniable. In-mold

deviations, part defects, process inefficiencies, and supply chain disruptions all

contribute to wasted resources, lost profits, and ultimately, a less sustainable

industry. 

However, this white paper has presented a transformative solution: the

sensXPERT Digital Mold system. Through its innovative real-time monitoring and

data analysis capabilities, sensXPERT empowers processors to: 

Optimize processes, minimizing material waste and production delays. 

Predict and prevent defects, ensuring consistent part quality. 

Gain real-time insights for proactive decision-making. 

Increase efficiency, leading to cost reduction and a more competitive edge. 

By embracing sensXPERT Digital Mold, plastics processors can navigate the

complex landscape of the industry with confidence. This technology paves the way

for a future of predictability, sustainability, and profitability. 

We invite you to explore the possibilities of sensXPERT Digital Mold and discover

how it can transform your approach to plastics part processing. Contact us today
to learn more about how this revolutionary technology can empower your

business. 
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