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In the era of Industry 4.0, quality is no longer a final checkpoint—it is a strategic pillar embedded throughout
the whole product lifecycle. This white paper explores the challenges of quality management in the
manufacturing industries, and Yokogawa's integrated digital solutions model to address them: the Tri-Integrity.
Comprising QMS, MES, and LIMS, this framework supports operational excellence, regulatory compliance, and
continuous improvement.

From prediction to prevention:
Quality as a pillar of Industry 4.0

In the Industry 4.0 paradigm, quality extends throughout the product lifecycle, becoming a competitive factor.
Especially for highly regulated markets like pharmaceutical, medical devices, food & beverage, and chemicals,
manufacturers face increasing pressure to deliver safe, effective, and compliant products while navigating
complex global supply chains and evolving regulations.

The concept of Quality 4.0 integrates digital technologies such as artificial intelligence, IoT, and machine
learning to transform quality into a proactive, predictive, and integrated function. It enables manufacturers to
anticipate issues, prevent failures, continuously optimize performance towards improved customer satisfaction.

The Quality 4.0 is facing a fundamental evolution that requires a change in the paradigm of the quality
management to support the upcoming requirements, based on social concerns, technology requirements and
market needs, as follows:

* Customer-Centricity: Quality is defined by how well a product or service satisfies evolving customer needs
and expectations, making it a perceptual and sometimes subjective attribute

* Integrated Systems Thinking: Quality is no longer confined to the shop floor but is a coordinated effort

across the entire organization, from product design to post-sale support, emphasizing a holistic approach to
the product's lifecycle.
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* Technological Integration (Industry 4.0/Quality 4.0):

5@(@ AI and Machine Learning: Used for predictive quality, process automation, and improved
{Lfl:ﬁ problem-solving.

(\ Internet of Things (IoT): Sensors monitor production in real-time, collecting data to ensure
8> continuous adherence to specifications.

~—"
O Cloud-Based Platforms: Facilitate centralized management, real-time collaboration, and data
gl analysis for agile decision-making.

o.':,".@ Digital Twins: Virtual replicas of products and processes enable simulation and analysis to
identify potential issues before production.

* Personalization and Agility: The focus shifts from mass production to mass personalization, requiring agile
manufacturing processes and a high degree of adaptability to quickly respond to changing market demands.

* Sustainability and Responsibility: Manufacturing quality increasingly includes environmental
considerations, such as minimizing waste and utilizing sustainable energy sources and materials.

* Proactive and Predictive Approaches: Quality management evolves to predict and prevent issues through
data analytics and risk assessment, rather than just reacting to defects.

* Speed and Innovation: In a competitive landscape, quality is integrated with rapid innovation, with product
lifecycles getting shorter, placing greater emphasis on speed to market alongside consistent quality.

Figure 1 Quality as a pillar of Industry 4.0
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Key characteristics of Quality 4.0

In this sense Manufacturing Quality 4.0 represents a holistic, consumer-centric and sustainable approach
to Quality Management, driven by smart technologies, predictive tools and agile manufacturing. Its main

characteristics are:
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Digital Transformation:
Quality is no longer an end-of-line inspection
but is deeply embedded in processes using

smart technologies to monitor and predict
issues throughout production.
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Integrated & End-to-End:

Quality is viewed holistically, encompassing
product design, the supply chain,
production, and post-purchase customer
engagement, ensuring quality from
concept to customer interaction.
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Sustainability & Ethics:

The definition expands to include
ethical considerations, efficient resource
use, and environmentally friendly
manufacturing processes.
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Proactive & Predictive:

Instead of reacting to defects, Quality
4.0 focuses on preventing them through
predictive software, machine vision, and other
Al-driven tools.

Customer-Centric:

Quality is defined by how well a product
meets evolving customer needs and
expectations, including aspects like

customization, durability (resistance to shock),
longevity, sustainability, and security.

Agile & Flexible:

Manufacturing quality must support an agile
competitive environment, allowing for rapid
changes in production, mass customization,
and quicker responses to customer demand.



Challenges in Quality Management

Despite technological advances, quality management still faces several challenges:

Visibility: Quality issues often emerge late in the process, making root cause analysis difficult.

* Cost Complexity: The financial impact of quality comprises a mix of direct, indirect, and intangible costs.

* Compliance Pressure: Regulatory expectations are rising, requiring robust documentation and traceability.
* Operational Silos: Fragmented systems hinder data integration and decision-making.

* Market Risk: Poor quality can lead to product recalls, reputational damage, and supply disruptions.

Understanding Quality Costs

Controlling and managing quality costs are among the main challenges that manufacturers face to remain
competitive in a constantly evolving market.

Specifically, quality costs are divided into two categories:
* Costs of Good Quality: investments needed to ensure a compliant, safe, and reliable product.

* Costs of Poor Quality (COPQ): losses due to defects, rework, waste, reputational damage, and
production interruptions.

Cost of quality

Cost of Good Quality Cost of Poor Quality

Appraisal Internal External

Prevention . "
Costs Failure Failure

Figure 2 Costs of Quality’

'REF: Yokogawa, il Golden Triangle supporta la qualita 4.0 - TECNELAB
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The Cost of Good Quality includes two main
categories, Prevention Costs and Appraisal Costs,
referring to those costs that manufacturers afford
as part of their daily business with a positive impact
on the production results. Activities like process
capability, variation reduction, lessons learned
processes and training tasks (Prevention category),
as well as incoming/in-process/final inspections,
calibration and auditing (Appraisal Costs category)
all contribute to positively and profitably drive the
manufacturing process to achieve the desired level of
quality for products and services.

On the contrary, the Cost of Poor Quality
encompasses all costs that arise due to defects in
products or services, effectively representing the
financial impact of not achieving the desired quality. If
a company operated perfectly, without any defects or
failures, these costs would not exist.

YOKOGAWA
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COPQ is a crucial concept in the world of business and
manufacturing. It represents the total financial impact
of producing and fixing defective products or services.
Understanding COPQ can help organizations identify
areas where they can improve their processes, reduce
waste, and ultimately save money.

COPQ is broadly divided into two categories: Internal
Failure Costs, External Failure Costs. The former
includes delays, rework, scrap, defects, retest,
deviations with corresponding root cause analysis
and CAPA, downtime and loss of capacity. The latter
includes customer returns, warranty claims, loss of
customer sales, repair.

All these events drain resources and value from
manufacturing processes, preventing them from
achieving the expected production quality results.



More in detail, COPQ can be further divided into:

=

Direct costs: more easily addressed and managed as they are more 'visible' within business processes
(e.g., profit losses, legal expenses, regulatory compliance, product recalls).

Indirect costs: less 'visible' but can significantly impact on competitiveness and sustainability. These
include high scrap rates, cycle time delays, market share loss, inspections, planning and release
delays, and reduced reinvestment in R&D.

Intangible costs: harder to quantify, they represent deep and lasting consequences affecting not only
manufacturers but also end users, and society.

Taking the Pharmaceutical industry as an example, the COPQ categories described above can be represented
through the iceberg paradigm in Figure 3 below. Each cost is a horizontal band, and the panels depict the costs
of poor quality for manufacturers (Figure 3A), patients (Figure 3B), health care systems (Figure 3C), all of which
have a vertical region, with direct costs above the surface and indirect and intangible costs below the surface.
Intangible societal costs (Figure 3D) are at the bottom of the iceberg.

Direct ;
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o redanvest in ates Increased Infierior feg., IT, k patsnt
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Figure 3 Costs of Poor Quality: the iceberg paradigm?

2REF: US FDA Quality Management Initiatives in the Pharmaceutical Industry: An Economic Perspective.
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While manufacturers, patients, and health care systems can handle direct costs that are “on the surface” of the
iceberg, indirect costs include the secondary costs associated with manufacturing, obtaining and delivering
treatments. These can occur at multiple times:

* Before treatment, e.g., for manufacturers, this could include the scrap rate from an inefficient
manufacturing process

* During treatment, e.qg., for patients, this could include the cost of traveling to an alternative
treatment center

* After treatment, e.g., for health care systems, this could include labor and resources to plan for
future shortages

Intangible costs can apply to each population, and examples include:

* For patients: loss of reputation for manufacturers, reduced quality of life, symptom recurrence, product
withdrawals and increased burden on caregivers

* For health care systems: damaged relationship with patients, staff stress and clinical trial disruption

Moreover, they can extend to broad consequences for society as a whole with emergence of treatment-resistant
diseases, environmental risks, and slower development of new medicines.

Objective of Quality 4.0 is to help manufacturers address especially the indirect and intangible costs of poor
quality, taking inspiration from this example of the Pharmaceutical industry also for other industries. Monitoring
poor quality costs is key for manufacturers to identify areas for process improvement and cost efficiency (materials
and operations).

Addressing costs of poor quality: Quality Management Maturity

When the manufacturing industries face quality problems during the production process and/or with the final
product, remediation efforts can take time, interrupt production and leading to product shortages. One of the
identified root causes of such shortages according to the U.S. Food and Drug Administration (FDA), is the lack of
Quality Management Maturity (QMM).

Product

quality
problems

Remediation

Stop ‘1 Drug
production | shortage ﬁ

Figure 4 Quality Management Maturity
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According to US FDA3, Quality Management Maturity (QMM) is the state attained when drug manufacturers
have consistent, reliable, and robust business processes to achieve quality objectives and promote
continual improvement.

A manufacturer that implements QMM not only ensures that their quality products are available on the market
today, but also helps prevent future quality issues from limiting product availability for patients and consumers.

Mature quality management ensures not only that a quality product is on the market now, but that quality
issues will not prevent a product from being available to patients and consumers in the future. Benchmarking
of quality culture of manufacturers has found that sites with more mature quality management practices simply
perform better than other sites.

Investment levels and their economic impact

It is essential to invest wisely to manage the economic impact of quality costs, so to implement QMM effectively.
According to analyses by the U.S. FDA* among various investment scenarios with different impacts on costs,
productivity, and profits, only optimal investment leads to significant cost reduction and maximization of
productivity and profits, achieving the best product release capacity on the market ('optimal output’).

Level of Investment in Quality Management Initiatives

Dollars Units Produced

Relative |
Level I I I I

Total Revenue Profit Optimal
Costs Output

Minimal Investment . Optimal Investment

B suboptimal Investment ] Overinvestment

Figure 5 Level of Investment in Quality Management

3REF: US FDA Quality Management Maturity: Essential for Stable U.S. Supply Chains of Quality Pharmaceuticals
4REF: US FDA Quality Management Initiatives in the Pharmaceutical Industry: An Economic Perspective
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The graph in Figure 5 above shows the total cost, revenue, profit, and optimal output across four levels
of investment in quality management that can be summarized as:

* Minimal Investment: Companies that invest minimally in quality management initiatives might have
several costs associated with inconsistent product quality and inefficient workflows. This creates a
situation of high total costs coupled with low output, revenue, and profits.

* Sub-optimal Investment: Investments could include management strategies such as Quality culture
improvements, including practices such as advanced preventive maintenance, enhanced employee
training, etc.. With performance increase, as well as defects, waste, and rework decrease, companies can
ultimately see lower total costs in addition to higher revenue, profits, and output.

* Optimal Investment: With the optimal level of investment, total costs continue to decrease, while profits
continue to increase. This level could include changes such as Lean Six Sigma process optimization,
the incorporation of advanced manufacturing technologies, and the adoption of software platforms
leveraging digital technologies such as artificial intelligence, IoT, and machine learning. At this level,
companies can fully realize the benefits of mature quality management practices with minimized total
costs and maximized revenue, profit, and optimal output.

* Overinvestment: Here investments no longer generate sufficient increases in efficiency and savings.
Optimal output and revenue begin to stagnate, total costs increase, and profits decrease. Overinvestment
could involve making unnecessarily complex changes that are costly to implement and involve levels of
precision that do not result in meaningful improvements. Overinvestment could also include excessive
redundancies for equipment, staff, or materials.

By investing at an optimal level in quality, leveraging mature quality management practices and advanced
manufacturing digital technologies, manufacturers can minimize total costs while maximizing revenue,
profit, and optimal output. This approach is based on monitoring and continuous improvement of quality
management processes that require:

T H @ @

0 O

Real-time data Integrated Automated Feedback loops
visibility workflows across compliance for continuous
departments tracking improvement

Conversely, overinvesting in unnecessary complex changes may not yield proportional gains in efficiency and
savings. As a result, optimal output and revenue begin to stagnate, total costs rise, and profits decline.
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Yokogawa's technological proposal: the Tri-Integrity

Yokogawa acts as a global partner for manufacturing companies, helping them measure the specific causes
of poor quality, identify the optimal investment level, and maintain it over time through a continuous
improvement process.

With this objective in mind, Yokogawa has designed the Tri-Integrity model, a digital software infrastructure
that implements the principles of the Quality Management Maturity (QMM) model defined by the U.S. FDA.

This approach enables guiding, monitoring, and strengthening quality in business processes, reducing total
costs, maximizing revenues and profits, avoiding product shortages, and maintaining optimal market presence.

The three pillars of the Tri-Integrity

The Tri-Integrity model consists of three integrated solutions, each with a specific role:

Quality Management System (QMS): Manages business process quality,
starting from quality events such as production deviations or issues with
standard operation procedures (SOPs), followed by investigations and
corresponding corrective/preventive actions (CAPA). It handles customers’
complaints, company documentation, staff training, and audits during
regulatory inspections.

Manufacturing Execution System (MES): Models and manages the
production process, from components dosing for drug product preparation
to final product packaging. It is a modular and scalable system that
manages production, materials genealogy and inventory, process quality,
and equipment maintenance. With real-time visibility of all production data,
it enables performance management through dashboards and detailed
reports that provide detailed overview of all the relevant KPIs.

Laboratory Information Management System (LIMS): Determines final
product quality through comprehensive tests to verify compliance with
defined quality standards. It supports the entire laboratory test lifecycle,
from request to final product evaluation, ensuring compliance and
product safety.
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Figure 6 Yokogawa’s Tri-Integrity

MES

Process Quality

To achieve operational excellence in manufacturing, including regulated environment, data integrity need to
be ensured across the three core quality/GMP functions: manufacturing, quality control, and quality assurance.
MES, LIMS, QMS represent the key systems that support these functions, forming the triple pillars of data

integrity. Together, they enable end-to-end traceability, ensure ALCOA+ compliance, and eliminate process silos.

This unified digital foundation allows for faster, smarter decisions, minimizes the cost of non-compliance, and
enhances both productivity and quality in a highly regulated environment.

While each system excels within its respective domain, Yokogawa's Tri-Integrity model strength lies in
embracing the entire process and taking a holistic approach. Three core solutions, Yokogawa MES, LIMS, QMS,

can be positioned within the end-to-end workflow, offering their complementary roles in ensuring consistent
data handling, compliance, and operational efficiency across manufacturing, quality control, and assurance.

QMS: address quality management challenges in highly regulated manufacturing

A Quality Management System (QMS) allows manufacturers to address several quality
management challenges that typically impact regulated industries:

* Strict reqgulatory compliance (GMP, GQP, SO, FDA)

* Managing deviations, CAPAs, and change controls efficiently
* Ensuring data integrity and audit readiness

* High costs and inefficiencies in manual processes

* Integrating quality management with existing systems

+ Adapting to digital transformation while minimizing risks

« Ensuring a secure, compliant, and seamless transition from legacy systems to cloud-based
quality management

YOKOGAWA Co-innovating tomorrow
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The adoption of a digital QMS (eQMS) automates and streamlines quality processes, reducing human error,
ensures compliance with global regulatory standards (GMP & GQP). It provides real-time monitoring, reporting,
and audit trails, helping manufacturers reduce operational inefficiencies and ensure cost savings, also leveraging
seamlessly integration with MES, LIMS, and ERP systems.

Digital eQMS tracks & manages all quality related processes, from issue to resolution and continuous improvement:

¢ Quality Events (Deviations / Non-Conformances) + Document Management
* CAPAs + Training Management

* Change Controls * Risk Management

+  Complaints « Safety Incidents

* Audits *  Equipment Calibration

*  Supplier Management

The typical process of eQMS usage is represented in the Figure TBD below.

Safety Incidents Customer Complaints

Supplier Quality Investigations Adverse Event Reporting

Rk Masassrriant Product Reg:strat;on
Tracking

Root Cause Analysis

l_ll‘ Reports & Workflows &
L Dashboards Business Rules

Training Management Audit Trall &
G B Document
Q Electronic

Change Control enstercs Management

Integration with

Effectiveness Analysis other systems

Figure 7 Quality Management System process

It starts from a deviation or from a safety incident. Then an investigation is carried out, making a risk assessment
to evaluate the risk of that specific event and the impact on the finished good. Root cause analysis is done, so
that corrective actions and/or preventive actions can be defined. Change control might require to train again the
operators, and then monitoring of the effectiveness of what has been done is necessary.

Finally, another way to get in this process is through customer complaints.

YOKOGAWA (n-innovating tomorrow *
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Use of digital and scalable eQMS platform is one of the pillars for a thorough digital transformation for companies
in regulated industries that face increasing regulatory compliance challenges. Managing deviations, CAPA, audits,
and compliance is complex, and many legacy QMS systems (where implemented) are inefficient and difficult to
scale. Some customers still do not use electronic tools to handle quality processes, handling high operational costs
and inefficiencies due to manual and outdated processes. Also, where implemented, some existing systems lack
integration with ERP, MES, and document management platforms.

MES: address production management challenges through one single solution

A Manufacturing Execution System (MES) allows manufacturers to address several production
challenges that typically impact regulated industries:

« Operational inefficiencies, lack of real-time visibility and isolated data

+ Downtime and Variance, inconsistent quality and avoidable downtime hindering productivity and
customer satisfaction

* Regulatory Compliance (FDA, EMA, GMP, HACCP, ISO 22000 and other regulations)
* Batch Traceability, from raw materials to final product and audit trails

* Batch Consistency, maintain product quality across batches

* Quality Assurance, deviations affecting product quality

* Manual activities, time-consuming and error-prone

* Production scheduling, complex batch planning and coordination

* Expiry Management, perishable goods with short shelf lives

* Product Changeover, short production runs

* Time-to-Market Pressure, with fast product development

* Waste Reduction, raw materials and energy

+ Inventory Management, avoid overproduction or shortages

« Data Integrity, production lifecycle information consistency and traceability

« Sustainability Goals, meeting environmental regulations

YOKOGAWA Co-innovating tomorrow 14



Very often, companies give a fragmented response to the above challenges, adopting multiple
disconnected systems that raise additional integration challenges:

* Dealing with a set of legacy systems, spreadsheets, and standalone tools, leading to fragmented,
inconsistent workflows, inefficiencies and lack of coordination

« Facing inefficient resource allocation, with duplicated efforts and unclear ownership, as each system
may require its own support team, training, and maintenance

+ Difficult time allocation that is caused by navigating between systems to gather information, delaying
decision-making due to lack of real-time visibility and manual data reconciliation

« Struggling with costs mitigation, with increase in licensing, support, and infrastructure costs, with
higher scrap rates, downtime, and missed opportunities for optimization

On the contrary, the best response to the described production challenges is digitalization and
optimization of the production processes through one single solution: the MES (Manufacturing
Execution System). This type of digital platform brings several advantages for manufacturers:

* Digitalization and automation of + Improvement of production efficiency and
production processes quality control

* Availability of real-time and comprehensive * Support to data-driven decision-making and
visibility into operations continuous improvement

* Enablement of traceability and compliance * Adoption and adaptation of emerging
with regulatory standards technologies, solving real business problems

Not only a system for monitoring production, but MES can also be so much more:

* Real-time visibility: tackle every inefficiency with the right tools at hand to take action and
solve it

e Catalyst for transformation: control, and insight to improve operations execution,
overcoming limitations

Maintenance
Management

() Production
@ Management

M i & B £ 8 @ W

Definitions Resources Scheduling Dispatch Execution Data Collection Tracking Analysis

Figure 8 Manufacturing Execution System processes

YOKOGAWA Co-innovating tomorrow
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One MES system allows manufacturers to fully
manage the four main pillars of the production
processes in the factory:

* Production Management

o Addresses the complexities of continuous
and batch production environments

o Enables real-time visibility, data-driven
decision-making, and integration with
external systems (ERP, QMS, LIMS, DCS, etc.)

* Inventory Management

o Makes the Just In Time supply chain
activities effective through comprehensive
materials tracking

o Provides real time visibility in the
materials quantity, locations, movements,
consumptions, and waste

* Quality Management

o Enables proactive quality control through
automated task triggering, configurable
workflows, and Statistical Process
Control (SPC)

o Manages SOPs, tasks, accountability,
traceability, audit trail, and analysis

¢ Maintenance Management

o Enables predictive and preventive
maintenance strategies by leveraging
real-time data from production processes
and equipment

o Provides structured and efficient
maintenance scheduling by cross
referencing with production schedules
and resource availability

YOKOGAWA
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Use of digital and scalable MES platform is another
important pillar for a comprehensive and effective
digital transformation for companies in regulated
industries that face increasing challenges in
production management/execution, lacking data
visibility. Overcoming operational inefficiencies
and downtime, guaranteeing batch consistency
and traceability with regulatory compliance is
complex, and many customers either still rely on
paper-based production management/execution
or on legacy MES systems that are inefficient and
difficult to scale, handling high operational costs
and inefficiencies due to manual and outdated
processes. Also, where implemented, some
existing systems lack integration with ERP, SCADA,
DCS, QMS, LIMS, and IoT infrastructures.
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LIMS: Standardize quality management operations to reduce costs and
improve the service level

A Laboratory Information Management System (LIMS) addresses the growing complexity of laboratory
operations in regulated manufacturing environments. As analytical workloads increase and compliance
expectations intensify, LIMS provides a centralized and standardized digital framework for managing the
full lifecycle of laboratory testing activities.

Quality Control laboratories often face:

* High testing volume and pressure to reduce turnaround time

* Manual data entry and transcription errors

+ Inconsistent testing methods and reporting formats

« Difficulty ensuring data integrity and regulatory compliance

* Lack of integration with MES, QMS, and ERP systems

« Inefficient resource and instrument utilization

These issues contribute to operational delays, higher costs, and potential non compliance.

A digital LIMS enables laboratories to streamline and modernize their quality workflows by providing:
+ Standardized testing procedures with controlled methods and SOPs

« Full traceability of samples, reagents, instruments, and analytical results

* Automated data capture and elimination of manual transcription

* ALCOA+ compliant data integrity with secure audit trails

* Integrated instrument management, including qualification, calibration, and maintenance

+ Seamless data exchange with MES for in process controls, QMS for deviations/CAPA, and ERP for
material status

YOKOGAWA Co-innovating tomorrow
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Business flow from a test reques
to a comprehensive judgment

Figure 9 Laboratory Information Management System processes

This unified approach ensures consistent testing, reduces variability, and accelerates quality decisions.

By digitalizing Quality Control workflows, LIMS helps manufacturers:

* Reduce turnaround time and improve laboratory throughput

* Lower testing and administrative costs

* Increase consistency and reliability of analytical results

* Strengthen compliance and readiness for audits

* Support faster and more accurate batch release

* Improve service levels toward Manufacturing and Quality Assurance

In the Tri-Integrity model, LIMS represents the Product Quality pillar. Together with:
e MES (Process Execution)

*  QMS (Quality Governance)

LIMS ensures that product quality is scientifically verified and digitally traceable, forming a key
component of a fully integrated, data driven Quality 4.0 ecosystem.

YOKOGAWA (n-innovating tomorrow *
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A modular and scalable approach to realize Quality
4.0 on manufacturing plant - the Tri-Integrity
implementation scenarios

The Tri-Integrity model, composed of QMS, MES and LIMS, is intentionally designed to be modular, allowing
manufacturers to adopt each component according to their digital readiness, regulatory priorities, and
operational needs. While the long-term goal is a fully integrated environment, different organizations may
begin their digital transformation journey from different angles.

Below are the three most common implementation scenarios, each corresponding to a different entry point
into the Tri-Integrity.

YOKOGAWA (n-innovating tomorrow *
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Scenario 1: QMS LIMS MES

This scenario is typical of organizations where quality governance, compliance, and documentation require
immediate modernization. Companies facing recurring deviations, long CAPA cycles, audit findings, or poor
documentation practices often choose to begin with QMS because of:

* Regulatory pressure requires immediate strengthening of compliance

+ Existing quality processes are paper based, siloed, or inefficient

* High costs linked to deviations, investigations, and audit non conformities

* Need to standardize procedures before digitalizing operations or laboratory testing

Then once QMS processes are standardized and deviations systematically managed, companies often recognize
the need to improve product testing consistency, data integrity, and turnaround time, making LIMS the
natural second step.

With strong governance in QMS and validated laboratory processes in LIMS, implementing MES becomes
significantly easier. MES then closes the loop by providing real time operational execution, feeding accurate
data into both QMS and LIMS for full quality maturity.

PROS of this scenario:

+ Establishes a strong foundation for compliance, documentation, and governance from the beginning.
« Immediately reduces risks associated with audit findings, deviations, and inefficient CAPA cycles.

+ Standardizes quality processes before digitalizing laboratory or production operations.

« Improves quality culture and process consistency across departments.

* Facilitates future MES and LIMS integration thanks to already-harmonized quality workflows.

CONS of this scenario:

+ Does not immediately address inefficiencies or variability in production.

+ Economic return may be less rapid compared to MES-first implementations.

+ Some QMS processes depend on operational data not yet digitalized in MES or LIMS.

« Improvements in productivity and cycle time may be delayed until later phases.

YOKOGAWA Co-innovating tomorrow
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Scenario 2: QMS MES LIMS

This scenario is common among manufacturers who must improve process execution and scale
production efficiently while also preparing for regulatory compliance improvements, because:

* Quality governance is the backbone of regulated environments

« Ensures deviations, training, documentation, and SOPs are controlled before digitalizing shop-floor execution
Organizations with strong governance often need improvement:

« Batch traceability

*  Production coordination

* Real time visibility

+  Cycle time optimization

MES provides these capabilities, allowing the company to stabilize and optimize production complexity before
digitalizing laboratory operations.

Once production is controlled and stable, the focus shifts to product release, test efficiency, and reducing
laboratory bottlenecks—making LIMS the final pillar to complete the Tri-Integrity.

PROS of this scenario:

« Strengthens governance first and then quickly generates value by optimizing production performance.
«  Ensures production processes are stable, standardized, and compliant before laboratory digitalization.
« Reduces variability, operational errors, and inefficiencies early in the roadmap.

« Creates a consistent QMS-MES loop for faster deviation handling and better CAPA effectiveness.

*  Provides production data that helps implement a well-integrated LIMS later on.

CONS of this scenario:

« Laboratory processes remain manual for longer, delaying testing efficiency improvements.

«  Temporary misalignment between production data (MES) and product quality control workflows (LIMS) that
are still manual.

Full end-to-end quality digitalization is achieved only in the final implementation step.

YOKOGAWA Co-innovating tomorrow 1



Scenario 3: MES QMS LIMS

Some manufacturers prioritize digital transformation from the shop floor, particularly when they face
substantial challenges such as:

+ Operational inefficiencies

«  Excessive downtime

«  Weak traceability

« Manual or paper based production management

« High variability in process execution

Potential reasons for this approach can be:

« The greatest performance gains often come from stabilizing production first

«  MES immediately reduces waste, improves productivity, and provides real time visibility
« It creates a data rich environment for quality improvement

Once MES is in place, organizations frequently need to harmonize:

* Deviation management

«  CAPA

* Documentation

* Audit readiness

+ Training management

QMS becomes the natural next step to manage process events discovered thanks to MES visibility.

After operational and governance processes are aligned, LIMS completes the transformation by digitalizing
laboratory testing, enabling full traceability and faster batch release.

PROS of this scenario:
+ Delivers immediate gains in productivity, efficiency, and reduction of waste.

« Digitalizes the primary source of quality-relevant data: the manufacturing process.

YOKOGAWA Co-innovating tomorrow 2



« Builds a data-rich foundation that enhances future QMS implementation.

+ Stabilizes batch consistency before adding governance and laboratory digitalization.
* Rapidly reduces operational costs, downtime, and manual errors.

CONS of this scenario:

* Quality governance processes remain fragmented until QMS implementation.

* Audit readiness does not significantly improve early in the roadmap.

* Laboratory bottlenecks may persist without LIMS integration.

« Temporary imbalance between operational excellence and quality excellence.

Why Yokogawa Recommends Integrating
All Three Components

Integrating QMS, MES, and LIMS is not simply a technology choice, it's a strategic decision driven by the
intrinsic interdependence of manufacturing, laboratory operations, and quality governance.

Key reasons for full integration are:

+ End to end data integrity across manufacturing, QC, and QA

* Holistic quality control: process quality (MES), product quality (LIMS), and governance quality (QMS)
* Accelerated batch release thanks to consistent data between systems

+ Elimination of silos and reduction of manual data transfer

+ Stronger regulatory compliance through ALCOA+ consistent records

+ Improved decision making driven by unified data flows

«  Lower total cost of ownership (TCO) by reducing isolated legacy tools

YOKOGAWA Co-innovating tomorrow
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These three components must be digital and

electronic because modern manufacturing requires:

* Real time monitoring

+ Automated data capture

+ System to system integration

« Advanced analytics and AI/ML applications
« Audit trails impossible to maintain on paper

* Global regulatory alignment (FDA, EMA, GMP,
ISO, GXP)

Yokogawa's digital solutions can guarantee the level
of traceability, accuracy, speed, and security required
by today’s Industry 4.0 standards.

The Power of the Tri-Integrity synergy

Connecting the three modular elements of the
Tri-Integrity (MES, LIMS, QMS) establishes a reliable
data integrity and traceability quality framework that
extends beyond individual systems. This enables
organizations to transform into continuously
improving operations, creating a foundation for
long-term leadership on the market.

These three solutions comply with regulations from
major international regulatory bodies (e.g., US FDA,
EU EMA) and create a digital ecosystem for quality
monitoring, traceability, and improvement. Based

on modular and scalable architectures, they feature
standard interfaces for connection with ERP systems,
DCS, Historian, IoT platforms, etc.

The Tri-Integrity is part of Yokogawa'’s holistic
portfolio, which includes field-level devices, Level 1,
2, and 3 systems such as Distributed Control Systems
(DCS), Edge Computing, SCADA applications,
Business Intelligence systems, and Environmental
Monitoring Systems (EMS).

YOKOGAWA Co-innovating tomorrow

|

|

24



Benefits and industrial impact of the Tri-Integrity

The Tri-Integrity supports manufacturers’ digitalization journey, with three solutions operating at
different levels to achieve optimal investment in quality management, aiming to:

* Reduce operational and poor-quality costs

« Increase productivity, efficiency and flexibility, guarantee faster Batch Release

*  Prevent product shortages and supply chain disruptions

« Improve compliance, traceability and data integrity of the final product

« Strengthen trust from patients end users and manufacturers

*  Be Quality 4.0 ready

Yokogawa positions itself as a strategic partner for the manufacturing industry, committed to promoting

mature, sustainable, and future-oriented digital quality. With the Tri-Integrity, manufacturers can tackle
Industry 4.0 challenges with concrete, integrated, and high-value tools.

Yokogawa Company Profile

Founded in Japan in 1915 by Tamisuke Yokogawa, Yokogawa Electric Corporation is a global leader in industrial
automation, measurement solutions, and digital transformation, with over a century of experience and a
presence in more than 55 countries.

The company offers integrated and scalable solutions that help manufacturers improve quality, efficiency, and
process sustainability.

With a strong presence in manufacturing markets like pharmaceutical, medical devices, food & beverage,
consumer goods, chemical, electronics, mining, energy, automotive, aerospace, and others, Yokogawa positions
itself as a strategic partner for companies aiming to tackle Industry 4.0 challenges with a quality-oriented vision,
guiding them through a comprehensive digitalization approach from field devices (sensors, analyzers, DCS,
SCADA) to IT/OT convergence.

YOKOGAWA Co-innovating tomorrow
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