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Executive Summary

The pharmaceutical industry’'s complex, highly regulated manufacturing environment demands
sophisticated Manufacturing Operations Management (MOM) and Manufacturing Execution
System (MES) solutions. These systems serve as the digital backbone of pharma production,
integrating batch management, quality control, equipment monitoring, and compliance functions
into a single platform. Industry analyses emphasize that MES deployment can significantly
improve performance and reduce costs while enhancing regulatory compliance
(www.pharmamanufacturing.com). For example, implementing an MES often translates into
replacing cumbersome paper batch records with secure electronic batch records (EBRs), thus
increasing efficiency and data integrity (www.pharmamanufacturing.com) (www.ey.com).

Leading solution vendors have developed specialized pharma MES suites. Among the most
prominent are Werum/PAS-X, Siemens Opcenter Execution Pharma (Simatic IT), Rockwell
Automation’s FactoryTalk Pharma offerings, ABB Ability™ MOM (including Werum PAS-X
technologies), AVEVA (Wonderware) MOM, Dassault/DELMIA Apriso, SAP ME, and
AspenTech. These platforms provide features tailored to batch-oriented, GMP-regulated
production (e.g. recipe and batch control, audit trails, LIMS integration, and 21 CFR Part 11
compliance). Industry reports identify Siemens, Rockwell, Werum (Korber), Honeywell, ABB,
SAP, Schneider Electric, Dassault, and Emerson as leading MES/MOM providers in life
sciences (Www.prnewswire.com) (marketintelo.com). Market forecasts predict robust growth:
the global MES market is projected to expand from about $10.8 billion (2019) to $24.3 billion
by 2025 (CAGR ~14.5%) (www.prnewswire.com), driven in part by ever tighter regulatory
pressures in pharmaceuticals (aegex.com). Regionally, North America dominates (approx. $900
million in MES revenue for biopharma in 2024 (growthmarketreports.com)), with Asia-Pacific
(=$400 million in 2024) emerging as a high-growth segment (growthmarketreports.com).

In practice, adopters of modern MES/MOM report concrete benefits. Case studies highlight
dramatic outcomes: for example, one biopharmaceutical company (Ferring) implemented an
MES with electronic batch records and subsequently increased its batch throughput by 56%
(rising from 7,000 to 11,000 batches) using the same staff (www.rockwellautomation.com).
Another Government Pharmaceutical Organization in Thailand went fully paperless by deploying
a Werum PAS-X MES (integrated with ERP and LIMS), enabling real-time exception review and
faster product release (www.pcne.eu). Vendors even claim metrics like "up to 98% higher
quality” through the “Right First Time" digital execution features in PAS-X (www.koerber-
pharma.com).

This report provides an in-depth analysis of MOM/MES in pharmaceutical manufacturing. We
present background on industry context and regulation, define MOM/MES functions (per ISA-95
standards (www.controleng.com)), and review the evolving role of digital production systems in
pharma. We compare and contrast the leading software platforms on the market, summarizing
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their capabilities and industry adoption. Data from market research and case studies are used to
quantify impacts on efficiency, quality, and compliance. Throughout, expert opinions and
authoritative sources are cited to substantiate claims. Finally, we discuss the implications of
Industry 4.0 trends (cloud computing, loT/lloT, artificial intelligence, Pharma 4.0 paradigms) for
the future of pharmaceutical MOM/MES solutions.

Introduction and Background

Pharmaceutical manufacturing is characterized by stringent quality requirements, fine-
grained batch control, and tight regulatory oversight. Each drug product must be produced
consistently and safely, with complete traceability of raw materials, equipment, and operations.
Digital MOM/MES software systems have become essential in this context, transforming manual
and paper-based workflows into integrated, computerized processes. In broad terms, a
Manufacturing Execution System (MES) — sometimes called Manufacturing Operations
Management (MOM) — occupies Level 3 of the ISA-95 hierarchy, interfacing between automated
process control (levels 0-2) and enterprise planning systems (level 4) (www.controleng.com). As
defined by manufacturing standards, Level 3 solutions manage production scheduling,
batch/recipe execution, material tracking, quality checks, maintenance, and logging
(www.controleng.com). By applying MES/MOM technology, pharmaceutical plants can
synchronize people, machinery, and data in real time, enforcing Good Manufacturing Practices
and enabling lean, traceable production.

The move toward MOM/MES in pharma has deep historical roots. Prior to widespread digital
automation, batch records, equipment logs, and quality checks were maintained on paper. This
cumbersome approach is not only inefficient but also risky under modern regulations. The FDA's
21 CFR Part 11 (finalized in 1997) was a turning point, as it permitted regulated drug
manufacturers to retain electronic records in lieu of paper, provided certain security and audit
requirements were met (www.criticalmanufacturing.com) (aegex.com). Following Part 11, many
pharmaceutical companies began deploying computerized systems. Early MES projects (often
adjuncts to ERP or DCS systems) were possible only with customized solutions. Over the past
two decades, however, numerous vendors have developed standardized MES/MOM suites
expressly for batch industries. For example, Werum PAS-X (now owned by Korber) and AVEVA
Wonderware were among the pioneers in scaling pharmaceutical-specific MES software. The
ISA-95 standards themselves matured during this era, codifying the levels and functions of MES
and MOM (www.controleng.com).

In parallel, global guidelines and industry consortia have reinforced the need for digital
integration. The International Society for Pharmaceutical Engineering (ISPE) launched its Pharma
4.0™ initiative to adapt Industry 4.0 concepts for drug manufacturing, highlighting automation,
data-driven processes, and connectivity. Recent guidance from regulatory agencies (e.g.
<[current_article_content>FDA, EMA) continues to emphasize quality-by-design and continuous
improvement, trends that align closely with MES capabilities. By the mid-2010s most large
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pharmaceutical manufacturers viewed transitioning to electronic batch records as inevitable. As
one industry expert summarized, today’s pharmaceutical manufacturers are moving decisively
toward MES and EBR to enhance both efficiency and compliance (www.ey.com).

Regulatory Drivers and Manufacturing
Challenges

Pharma manufacturing operates under some of the strictest regulations of any industry.
Agencies such as the FDA (U.S.), EMA (EU), and PMDA (Japan) enforce current Good
Manufacturing Practices (cGMP), codified in regulations like 21 CFR 210/211 (U.S.) and EU
equivalents (EudralLex Vol 4). Compliance requires complete batch traceability, validation of all
processes, controlled changes, and robust investigation of deviations. Paper batch records have
long been a regulatory pain point; reams of documents must be archived for each batch, and
hand-written signatures are susceptible to error.

MOM/MES systems address these challenges directly through electronic records and audit
trails. An MES captures every critical step of production in real time, from raw material
weighings to equipment settings and final release testing. By design, credible MES software
provides secure dated records that are fully “equivalent to paper records” under Part 11
(www.criticalmanufacturing.com). As Critical Manufacturing (an MES provider) notes,
implementing a robust MES is a “"game-changer” for achieving and maintaining 21 CFR Part 11
compliance (www.criticalmanufacturing.com). In practice, this means that actions like approving
a batch log or making a process change trigger electronic sign-offs and encrypted audit entries.
Consequently, firms using MES can automatically generate complete electronic batch records
(EBRs) rather than manually compiling printed forms.

Analysts report that the primary motivation for MES adoption in pharmaceuticals is indeed
regulatory compliance. A clear industry trend is “eliminating the use of paper batch records in
favor of electronic batch recording and MES"” (www.pharmamanufacturing.com). This shift not
only automates compliance (e.g. ensuring all steps are documented) but also reduces release
cycle time by enabling parallel review processes. In the Thai case study below, for example,
moving to an MES allowed quality teams to review batches in real time rather than waiting for
paperwork, shortening lead times for product release (www.pcne.eu). Similarly, an article in
Pharmaceutical Manufacturing highlights that MES, when integrated with ERP and LIMS,
becomes "the center of the manufacturing operation,” aligning shop-floor actions with corporate
quality management (www.pharmamanufacturing.com).

Aside from audit and records, the regulated nature of pharma imposes other MES requirements.
Validation is paramount: every software system must be validated under GAMP5 guidelines.
Therefore, MOM/MES vendors offer features like user management, electronic signatures, and
audit logs optimized for validation workflows. Recipe and formula changes are controlled
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through electronic versions, often with built-in right-to-know security so only authorized
personnel can execute or modify processes. Quality management is usually integrated:
deviations can be flagged in the MES, triggering in-system investigations and CAPA tracking.
Connectivity to a laboratory information management system (LIMS) is common, so that on-line
quality data (e.g. in-process tests) flows directly into the batch record. Numerous industry case
studies confirm that modern MES platforms cover these functions out-of-the-box for
pharmaceutical use cases. For example, Werum'’s PAS-X is described as a “mature MES software
product with full-scope functionality” purpose-built for pharma and biotech (paciv.com).

Defining MOM/MES in the Pharmaceutical
Context

While the terms "MOM" and "MES" are often used interchangeably, it is helpful to clarify their
scope, especially in pharma. As Control Engineering observes, the ISA-95 standard equates the
Level 3 "operations management” layer with MES (sometimes referred to as MOM)
(www.controleng.com). In pharma settings, this encompasses both discrete and batch
processes, though the latter predominates. Key functionalities of a pharma-focused MES/MOM
include:

e Master Batch Record (MBR) Execution: Managing electronic versions of recipes/formulas and
enforcing each step of production exactly as specified. Operators are guided through work
instructions on terminals or tablets, minimizing human error. Every quantity of material weighed or
dispensed is automatically captured. Gernerally, MES ensures fully documented execution of the
MBR with timestamped data.

¢ Inventory and Material Tracking: Tracking incoming raw materials, intermediate components, and
finished goods. The MES updates inventories in real time (often integrated with ERP). It flags lot
numbers/expiration dates and enforces proper first-in-first-out (FIFO) usage of custody materials.
Pharmas often use MES to handle dispense-by and dispense-when-needed functions for high-value
or controlled substances.

e Labor and Labor Management: Assigning trained personnel to tasks. MES often includes
functionality to ensure only qualified operators execute certain steps, logging operator identity via
logins or biometrics (www.koerber-pharma.com). Human entries (e.g. signatures on key verification
steps) are handled electronically.

¢ Equipment and Maintenance Management: Scheduling preventive maintenance and calibrations
for mixers, reactors, scales, etc. MES tracks equipment status and can lock a machine out if
calibration is overdue, preventing nonconforming production. Some platforms incorporate MES-
driven equipment logbooks, as well as integration with CMMS (Computerized Maintenance
Management Systems).
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¢ Quality and Compliance: Beyond EBR, the MES often includes in-process controls: capturing test
results, out-of-spec (O0S) events, and deviations. It may generate NCRs or link to CAPA workflows.
Audit trails capture all modifications. Many MES suites provide configurable workflows for batch
hold/release decisions, final review-by-exception, and archive.

¢ Performance and Analytics: Monitoring key performance indicators (KPIs) like yield, throughput,
Overall Equipment Effectiveness (OEE), and cycle times. By aggregating shop-floor data, MES
enables reports and dashboards for continuous improvement and decision support.

In summary, a pharma MES is “at the center of manufacturing operations,” connecting
people, equipment, and enterprise systems (www.pharmamanufacturing.com). Crucially, it
provides a “single point of entry for data from across the smart factory and the digital supply
network” (aegex.com), replacing islands of spreadsheets and whiteboards with an integrated
digital environment. As Deloitte emphasizes, such integration is essential for context-aware
decision-making across global manufacturing operations.

Benefits of MOM/MES in Pharma
Manufacturing

The adoption of MOM/MES software in the pharmaceutical sector is largely justified by
measurable improvements in efficiency, quality, and compliance. Numerous case studies and
industry analyses document the business value of MES implementations:

¢ Efficiency and Throughput: By automating data capture and standardizing processes, MES
drastically reduces manual rework. For example, Rockwell Automation reports that after
implementing a fully electronic batch record system, Ferring Pharmaceuticals increased its number
of batches by 56% at one site (from 7,000 to 11,000 annually) without adding staff
(www.rockwellautomation.com). The same case study notes that this “56% leap” in output with
constant labor is "a real return on investment” (www.rockwellautomation.com). Digital work
instructions and barcode scanning eliminate delays and errors, so lines run closer to full capacity.
Complex changeovers (e.g. multi-product blending) can be choreographed by the MES, further
speeding up production scheduling.

e Quality Improvement: Error reduction is a central aim. Fixed, in-order execution of the Master Batch
Record (“Right First Time") ensures procedures aren't skipped or improperly done. Vendor claims
illustrate the impact: Werum (Korber) states that its PAS-X MES “improves the quality of products
and processes by as much as 98%" via this Right-First-Time control (www.koerber-pharma.com). In
practical terms, companies that eliminate manual transcriptions see far fewer deviations from
standard operating procedures. Electronic recording also means that data such as temperatures, pH,
and weights are captured with no transcription lag, improving data integrity. The earlier
Pharmaceutical Manufacturing article quotes an analyst: MES "improve performance” while
“simultaneously increasing compliance” (www.pharmamanufacturing.com), underscoring a quality
boost alongside efficiency.
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¢ Regulatory Compliance and Product Release: As noted, MES can dramatically streamline
regulatory tasks. By making data available instantly, the lead time for batch release shortens. For
instance, after installing PAS-X, Thailand’s Government Pharmaceutical Organization reported a
significant reduction in paper records. Production and quality teams could perform concurrent,
parallel review-by-exception rather than waiting on hand-signed paperwork (www.pcne.eu). The
result was faster release of finished product without compromising GMP standards. In general, MES
enforces compliance at each step, so firms can produce FDA 483 audit reports and batch histories
far more quickly than with manual methods.

e Operational Visibility and Decision Support: MES solutions provide real-time dashboards and
alerts. Outage of a critical utility or deviation in a process stream can be flagged immediately to
supervisors. This visibility also extends to maintenance and inventory, reducing unexpected
downtime. As one industry survey noted, manufacturing companies are dedicating ~5% of revenue
to digital systems like MES for exactly this form of data-driven optimization (aegex.com). On a
strategic level, leaders say that connecting shop-floor data to the enterprise (ERP/QMS) allows
higher-level functions (e.g. scheduling, supply chain planning) to operate with up-to-date
information (aegex.com) (www.pharmamanufacturing.com).

e Cost Reduction and ROI: Quantifying ROI is challenging, but the consensus is that validated MES
projects pay back in reduced batch cycle time, fewer rejects, and lower labor costs for
documentation. Industry experts note that many MES investments yield significant “quantifiable
business payback” when mature metrics are applied (ispe.org). For mature pharma companies with
strong operational excellence programs, case-study paybacks have been documented in multiple
instances. Although the exact ROI varies by firm and deployment scope, the Ferring example above
demonstrates a substantial productivity gain, while the Thai case implies cost savings from paper
elimination (fewer forms, storage, labor). More broadly, the market research indicates MES growth is
driven by a need for “mass production and linked supply chains” and by “increased regulatory
enforcement” — factors which both translate into financial necessity (www.prnewswire.com).

In summary, effective MOM/MES deployment in pharma can yield faster production cycles,
higher throughput, reduced risk of batch failures, and assured compliance. This
competitive advantage helps companies “remain fast and competitive” while still meeting
stringent GxP and quality requirements (www.koerber-pharma.com). As a consultancy report
observes, MES is especially powerful in “regulated industries such as pharmaceutical,” where the
benefits of automation and integration are amplified by compliance needs (aegex.com).

Organizing MOM/MES Solutions: Key
Software Platforms

Several established software systems dominate the market for pharmaceutical MOM/MES. Each
has its own heritage and strengths. Table 1 summarizes leading solutions, their vendors, and
distinguishing features for pharma manufacturing.
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Vendor |
System

Korber (Werum
PAS-X)

Siemens |
Opcenter

Rockwell
Automation

ABB Ability™
MOM

AVEVA
(Wonderware)

Dassault
Systémes

SAP

AspenTech
(AspenTech
MFG)

Others (e.g.
iBASEt, Critical
Mfg)

Key Capabilities (Pharma Focus)

PAS-X MES - A pharma-dedicated MES platform. Full-scope batch execution with EBR, recipe
management, and user guidance. Out-of-the-box compliance templates (FDA/EU/GAMP). Emphasizes
“right-first-time" execution for error-proofing (www.koerber-pharma.com). Integrates with ERP, LIMS, and
QMS. Widely used by large pharmaceutical and biotech firms worldwide (e.g. Government Pharmaceutical
Organization Thailand (www.pcne.eu); mid-tier biotechs).

Opcenter Execution Pharma (formerly SIMATIC IT Pharma) - An MES offering integrated in Siemens’
Digital Industries Software suite. Master Batch Record-driven execution, with robust connectivity to
laboratory (Genedata, Empower) and process automation systems. Supports electronic batch record (EBR),
in-line analytical data capture, and multi-site harmonization. Leverages Siemens' strength in automation
and digital twin; vendors claim enhancements like central equipment logbooks. (For example, Siemens
highlights EBR-based control of weighing/dispensing for GMP compliance.) See marketing brochure
(plm.sw.siemens.com). Also includes Opcenter Execution Medical Device variant for device
manufacturing, illustrating cross-industry use.

FactoryTalk Pharma Suite (including Pharma MES solutions) - Built around Rockwell's
FactoryTalk/PlantPAx platform. Designed to integrate MES with Rockwell’s control systems. Emphasizes
regulatory reliability and validation (MV user), with modules for EBR, line clearance, electronic signature.
Notably used in biotechnology and pharmaceutical projects (e.g. Ferring case study
(www.rockwellautomation.com)). Strong in discrete and biopharma automation; also acquired the former
Pharmatech (MES champion) technology and the Kowari medical device MES. Rockwell's solutions excel in
bridging control and MES layers.

ABB's MOM suite — A newer entrant built on ABB's automation heritage. Includes MES modules for
production, quality, inventory, and maintenance. Promotes compliance with GAMP5 guidelines (FDA/JEMA
validation). Can be seen as a generic “MOM" platform spanning multiple industries; ABB emphasizes
tailored digital solutions, collaborative ops, and digital twin. ABB collaborates with Werum, even bundling
PAS-X in Life Sciences offerings (see ABB press on PAS-X partnership). ABB's platform is flexible and often
customized for large-scale operations.

Wonderware (now AVEVA) MOM - One of the first MOM/MES suites, originally by Wonderware (Invensys).
Provides recipe management, electronic batch processing, and performance monitoring. Known for open
connectivity (with SCADA/MES mix) and ease of integration. Aveva's model-driven approach standardizes
operations across equipment, aiding rapid deployment in multi-site pharma plants
(www.pharmaceuticalonline.com). Focuses on KPIs and continuous improvement (Equipment Performance,
OEE). Wonderware MES is used in many regulated industries, including pharma and biotech, and often
noted for rapid ROl on equipment performance optimization.

DELMIA Apriso - A global manufacturing platform that straddles MES, WMS and QMS. Used by some
pharma firms for its global data model and flexibility. Handles lot genealogy, SPC, compliance, and multi-
site processes. As a generic tool, Apriso must be configured for pharma, but its strength lies in
coordinating complex, distributed production (e.g. Lyophilization campaign across plants). Not as
specialized as PAS-X, but often chosen by manufacturers already using other Dassault PLM components.

SAP Manufacturing Execution (formerly SAP ME) - Integrated with the SAP ERP/QM stack. Offers MES
functionality tightly linked to SAP's planning and materials modules. Provides capabilities like production
scheduling, EBR (via SAP Document Management), and operations management. SAP’s advantage is
seamless data flow to procurement, inventory, and enterprise-wide reporting. Pharma customers (often
large companies on SAP ERP) may adopt SAP ME for harmonized IT, though SAP’s MES historically has
fewer "out-of-the-box" pharma recipes than specialist vendors.

Aspen Manufacturing Execution (Aspen PIMS/Refining MES) — Originally focused on process industries,
AspenTech has marketed MES-like solutions for pharmaceuticals. Emphasizes process models and
analytical controls for continuous processes or API synthesis. Integrates with Aspen InfoPlus.21 historians
and analytics. Not as pharma-centric, but used in specialty/pharma batch plants aiming to optimize unit ops
via built-in process knowledge.

Several smaller or niche vendors provide MES suites that have seen select use in pharma or adjacent
industries (e.g. electronics or devices). For example, iBASEt's Solumina is popular in aerospace but has
been adapted for life sciences assembly; Critical Manufacturing (now part of ASMPT) offers a cloud-
enabled MES used in medical devices. Newer entrants and start-ups are also emerging with modular,
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Vendor |

Key Capabilities (Pharma Focus)
System

cloud-based MES (often targeting CMOs or smaller firms with flexible deployment). These players may not
yet have the market share of the names above, but are noted for specialty functionality or agility.

All the above solutions share core MES functions (batch/recipe control, EBRs, traceability, etc.),
but each emphasizes different aspects (e.g. PAS-X's pharma focus vs. ABB’s broad MOM suit).
Market analyses repeatedly highlight Werum/PAS-X, Siemens, Rockwell, Honeywell, ABB,
Schneider/Aveva, and Emerson as the dominant MES vendors in life sciences
(www.prnewswire.com) (marketintelo.com). (Honeywell and Emerson, known for process
automation, also sell MES modules via their Experion and PlantWeb offerings.) In practice, large
pharma companies often standardize on one principal MES system and integrate others as
needed (for example, using a single EBR platform unified across sites).

The vendor selection also depends on deployment model. While historically MES ran exclusively
on-premises (behind the factory firewall), there is a strong trend toward cloud and hybrid
architectures. Many vendors now offer cloud-hosted MES or managed services to speed
deployment and support distributed teams. Although concerns remain (especially around data
security and validation), analysts estimate that cloud-based MES already commands roughly
one-third of the pharma MES market (approximately 32% share), with much faster growth

than on-premises solutions (marketintelo.com).

Case Studies and Real-World Examples

To illustrate the concrete impact of pharma MES systems, we review a few documented cases:

¢ State Pharma Plant (Thailand): The Government Pharmaceutical Organization (GPO) of Thailand
implemented Werum PAS-X MES across its Rangsit manufacturing facility (www.pcne.eu). This was
the first such deployment in the Thai pharmaceutical sector. The system covers the full production
flow — from raw material receipt through manufacturing to shipping finished products. GPO
integrated PAS-X with its existing ERP and QA LIMS to create a “fully integrated and electronic
production site” (www.pcne.eu). According to management, the new MES eliminated paper
records on the shop floor. Production and quality staff now perform data entry and review in real
time, which “saves time and reduces lead time for product release” (www.pcne.eu). In effect, batch
authorities can begin reviewing electronic batch data in parallel with production, rather than waiting
for final paperwork. This case underscores how a modern MOM/MES can achieve operational
digitization and GMP compliance simultaneously (www.pcne.eu).
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¢ Biopharmaceutical Druggist (Ferring): A Rockwell Automation customer, Ferring Pharmaceuticals
in Switzerland, realized dramatic gains via MES with electronic documentation. After rolling out an
integrated MES/eBR system, Ferring's Saint-Prex facility (producing peptide drugs) saw its annual
batch count jump from approximately 7,000 to 11,000 — a 56% increase — without adding a single
worker (www.rockwellautomation.com). This 5-year improvement (noted as “since 2010" in the
report) demonstrates accelerated throughput. Rockwell credits this to faster data handling, better
decision-making, and lean execution afforded by the MES. As one Ferring manager remarked, this
output surge on the same headcount clearly “represents a real return on investment”
(www.rockwellautomation.com). (This case was summarized in a Rockwell case study, highlighting
MES as a key enabler of throughput and compliance across Ferring's global supply chain.)

¢ Hypothetical Metrics (Vendor Claims): Vendors often publish claims from multiple
implementations. For instance, Korber Pharma’s marketing literature states that PAS-X's digital
guidance can boost “Right First Time" quality by up to 98% (www.koerber-pharma.com). While this
specific figure comes from a promotional source, it illustrates the kind of quality jump companies
expect from error-proof MES processes. In practice, pharmaceutical sites report drastically fewer
deviations once using a validated digital batch-record system.

¢ Industry Surveys and Analyses: In addition to vendor cases, independent surveys corroborate
broad benefits. A Pharmaceutical Manufacturing industry survey explains that MES “enable
pharmaceutical manufacturers to improve performance and reduce operational cost, while
simultaneously increasing compliance” (www.pharmamanufacturing.com). Put differently, plants
introducing MOM systems frequently observe trimmed cycle times, better resource utilization, and
higher on-time release rates. Though each case is unique, these consistent messages - from
vendor-supplied results to third-party commentary — indicate that advanced MOM/MES is not merely
a theoretical advantage but a practical necessity in modern pharma manufacturing.

Industry Impact and Data Analysis

Quantitative data on MOM/MES in pharma underscores the market dynamics and the sector’s
embrace of these systems. According to market research, the global MES market (across all
industries) was about $10.8 billion in 2019 and is projected to exceed $24.3 billion by 2025
(www.prnewswire.com) (CAGR ~14.5%). This growth is fueled by factors like the need for
integrated supply chains and increasingly stringent production management. Within this market,
pharmaceuticals and life sciences are key drivers of demand. The segment analysis shows
pharmaceutical manufacturing typically ranks alongside chemicals and food as major process-
industry MES customers.

A breakdown of compartments for biopharma MES in 2024 illustrates the dominance of North
America. One report notes North America's MES for biopharma market was about $900 million
in 2024, the single largest region share (growthmarketreports.com). Its leadership reflects both
a mature biotech/pharma industry and favorable regulatory support for digitization. The Asia-
Pacific region (China, India, etc.) was around $400 million in 2024 and is identified as the
fastest-growing due to expanding local manufacturing and government investment in pharma
innovation (growthmarketreports.com). Europe (not explicitly quoted) is a close second to North
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America given its major markets, and other regions (Latin America, Middle East) are growing
from smaller bases. These figures underscore that the MES infrastructure in pharmaceutical
production is now a substantial, global enterprise investment.

Beyond revenue figures, we can consider how invested companies are in digital systems. A
global study by PwC found that manufacturers generally commit about 5% of annual revenue
to digital transformation (sensors, loT, MES, etc.) (aegex.com). In pharma, this likely trends even
higher because of the premium on quality and speed-to-market. While not all of that budget is
MES-specific, it reflects a mentality of ongoing investment in modern manufacturing IT.

One can also examine deployment modes. Traditionally, MES were on-premises applications,
tightly controlled within each plant’s network. However, cloud adoption is a major trend. Analysts
observe that roughly 32% of newly deployed MES solutions in the pharmaceutical sector
are cloud-based (marketintelo.com), and that cloud projects are growing faster than legacy
setups. Cloud MES provides advantages (rapid scalability, cross-site data sharing, lower upfront
costs) that appeal to multi-site pharmas and CMOs. On the flip side, concerns like data security
and validation remain, especially in heavily regulated companies. Thus, many vendors now offer
hybrid models (core processes on-site, analytics or collaboration layers in cloud) to balance
compliance with agility (marketintelo.com).

The manpower and skills side is also important. Successful MES adoption requires trained
personnel and change management. Many pharmaceutical companies have created new roles
(e.g. "Manufacturing Systems Lead") or brought on consultants to drive MES projects. The long-
term trend, however, is toward closer integration of operations and IT teams. As one industry
analyst put it, companies with advanced operational excellence programs find it easier to
quantify MES benefits (ispe.org). This suggests that future ROI studies may reveal still higher
paybacks as data maturity improves.

Discussion: Implications and Future
Directions

Pharmaceutical manufacturing is evolving rapidly under the influence of digital technology and
shifting industry paradigms. MOM/MES software stands at the center of this transformation, but
its role is also changing. We highlight several implications and future trends:
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e Pharma 4.0 and Connected Factories: The vision of Pharma 4.0 (parallel to Industry 4.0) foresees
fully integrated, information-driven production systems. In that world, MES/MOM will increasingly
incorporate advanced features like embedded analytics, digital twins, and human-machine
collaborative interfaces. Recent research on biopharma manufacturing emphasizes the growth of
digital twins - virtual models of production lines — to optimize processes. However, scholars warn
that without well-designed interfaces, digital twins can overwhelm operators with data (arxiv.org).
Hence future MES platforms will likely put stronger emphasis on human-centred design, augmented
reality (AR) guidance for technicians, and smarter alerts, easing interpretation of machine data by

human managers.

« Artificial Intelligence and Predictive Analytics: Machine learning (ML) and Al promise to extend
MES capability from reporting to prediction. Today's systems collect vast amounts of sensor and
process data; in the future, this data can feed Al models that predict equipment failures, drift in
critical parameters, or batch outcomes before they occur. A pharma MES may evolve to suggest
maintenance tasks (predictive maintenance) or to optimize formulas on the fly for quality control.
Vendors are already adding Al modules; for example, ABB and AspenTech highlight Al-based batch
performance improvement. However, integrating Al in a regulated setting is non-trivial, requiring new
validation approaches (the FDA has begun issuing guidelines on Al/ML in software, which will
influence MES development).

e Continuous and Flexible Manufacturing: Traditionally, many pharma operations were discrete
(batch tablets, vials) or semi-continuous. The industry is gradually moving toward true continuous
manufacturing (especially for APIs and even some drug products) to improve efficiency. MOM/MES
systems will need to adapt to this shift, handling 24/7 processes and real-time product quality
assurance (PAT charts, feedback loops) differently than discrete batches. Some MES vendors have
already built modules for continuous processes (focusing on process control and analytical
integration). Likewise, as demand moves toward personalized medicine and smaller batch sizes, MES
must offer more flexibility — for instance, faster reconfiguration, lot tracking of micro-batches, and
micro-bioreactor support. The increasing complexity of supply chains (e.g. serializations, multi-
sourced APIs) also means MES must integrate tightly with external data services and blockchain
initiatives for end-to-end traceability.

¢ Regulatory Evolution: Even as MES technology advances, regulatory requirements continue to
evolve. The FDA's emphasis on quality culture and data integrity (ALCOA+ principles) supports the
MES approach, but also adds new dimensions (e.g. guidance on electronic record review, remote
oversight). The pandemic has pushed more remote monitoring and digital reporting, likely
accelerating adoption of MES features like e-signatures and networked access. Furthermore,
international harmonization (e.g. ICH Q10/Q12) means that MES must support global regulatory
strategies (common tech transfer, change management). In short, regulators are increasingly
expecting modern data platforms like MES — even encouraging their use — but also scrutinizing how
they're validated and maintained.
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¢ Integration with Enterprise IT: As companies adopt other digital systems (ERP upgrades, Quality
Management Systems, LIMS, lloT platforms), the role of MOM/MES becomes as a hub or middleware.
Future MOM solutions will need robust integration frameworks (APIs, OPC UA, etc.) to ensure
seamless data flows. For example, digital transformation roadmaps often envision a "digital thread"
linking process R&D, formulation, manufacturing, and distribution. MES sits at the manufacturing
node of that thread and is expected to communicate with R&D systems (to pull new formulas) and
supply chain execution systems (to update production plans). Master data management and
semantic interoperability thus become critical tasks, and some future MOM solutions may embed
industry ontologies or Al-driven data mapping to automate these links.

¢ Talent and Organizational Change: The full potential of MOM/MES will not be realized without
addressing people and process. This observation is echoed in the ISPE report — companies need
standardized methods to measure MES-driven improvements, and benefits will differ by modality
(small-molecule vs. biologics) (ispe.org). The adoption curve is slower in mid-sized companies
lacking dedicated smart-manufacturing teams. Going forward, companies will likely establish more
formal manufacturing IT departments, or bring in operations mathematicians and data scientists to
interpret MES outputs. Training programs (often run by the vendors or consortia like ISPE) will focus
not only on software usage but on building a change-management culture around digital

manufacturing.

In short, the future of pharmaceutical manufacturing is digital, and MOM/MES software is
forecast to become even more central. Advancements such as Internet of Things (lloT)
connectivity, cloud-native architectures, and advanced analytics will enrich MES platforms.
Leading vendors are investing in R&D on these fronts (e.g. cloud-based MES with Al analytics
(marketintelo.com), mobile operator interfaces, digital twins integration). The demand for real-
time quality assurance, agility in scaling, and continuous improvement will guide the
product roadmaps. Conversely, vendors will need to continually demonstrate to pharma
customers that new technologies comply with the high bar of validation and data security
required in the industry.

Tables

Table 1. Leading MOM/MES Solutions in Pharmaceutical
Manufacturing

Vendor

Description and Pharma-Focused Features
(Product)

PAS-X MES: Pharma-tailored full-scope MES. Master batch records, recipe/lot management, electronic

Kérber (W batch records (EBR), multi-site deployment. Integrated compliance (21 CFR 11, EU GMP) and content
orber (Werum
libraries (standard recipes, charts). Features Right-First-Time operator guidance for error prevention

PAS-X
) (www.koerber-pharma.com). Strong real-world adoption in pharma/biotech (global user base, e.g. GPO
Thailand) (www.pcne.eu). Supports integration with ERP, LIMS, eQMS.
Siemens Siemens Opcenter Execution Pharma (formerly SIMATIC IT Pharma): MES built for biotech and pharma.

(Opcenter Exec Features master recipe-driven execution with comprehensive data logging, including support for inline
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Vendor
(Product)

Pharma)

Rockwell
Automation

ABB (Ability™
MOM)

AVEVA
(Wonderware)
MOM

Dassault
Systémes /
DELMIA

SAP

AspenTech

Other [ Niche
Vendors

Description and Pharma-Focused Features

analytics and PAT data. Provides equipment logbooks and compliance functions (21 CFR 11/audit trails).
Integrates deeply with Siemens automation (PLCs, historians) and enterprise systems. Siemens touts this
as "fully compliant, fully documented pharma production” (plm.sw.siemens.com).

FactoryTalk Pharma Suite (including MES modules): MES integrated with PlantPAx/controls. Strong in
hybrid pharma/discrete operations and biotech. Modules cover electronic batch recording, line clearance,
scheduling, and artwork management. Emphasizes regulatory validation; supports GMP audit trails, e-
signatures. Application examples include high-throughput biopharma facilities (e.g. Ferring — +56% batch
throughput (www.rockwellautomation.com)). Rockwell’s global support and automation expertise are
strengths.

ABB Ability MOM: Broad operations management platform. Industry-agnostic, but offers specialized cases
for pharmal/life-sciences. Covers production execution, quality, inventory, and maintenance in one suite.
Certified compliant with GAMP5 guidelines and Part 11. ABB leverages deep process-industry know-how
(ABB DCS/SCADA), and also offers dedicated life-sciences use cases via partnership with Werum. Known
for flexible platform and digital twin services.

Wonderware MES/MOM: Possibly one of the earliest MOM systems. Focuses on recipe management, batch
execution, and operational KPIs (OEE, downtime analysis). Highly modular and scalable from single-line to
enterprise. Strong integration with SCADA/HMI (Wonderware System Platform and InTouch). Uses a unified
data model to standardize operations across equipment (www.pharmaceuticalonline.com). Deployed in
many regulated industries (pharma, food, etc.) with rapid ROl on equipment performance.

DELMIA Apriso: Combines MES with quality and logistics. Good for global plants requiring centralized
data. Offers end-to-end traceability (lot genealogy) and apparel/medical device regulations. Provides
mobility (tablet data entry) and supports continuous improvement processes. It is a general platform (not
pharma-specific), so adoption in pharma often requires strong configuration.

SAP Manufacturing Execution (SAP ME): Connects tightly with SAP ERP/QM modules. Manages production
orders, dispatch lists, and shop-floor data collection. Has EBR capabilities via SAP Document Management
and integration with SAP QIM for quality. Emphasis on synchronizing with supply chain and planning. Often
used by large pharmaceutical corporations already on SAP ERP for unified IT.

Aspen Manufacturing Execution (derived from InfoPlus.21/MSM): Targets batch and continuous process
operations. Focus on process optimization and compliance with regulatory data. Strong in process
analytics and historian integration. Less widely deployed in pure pharma (more in biotech/chemical
plants), but growing as pharma companies adopt more continuous processes.

Critical Manufacturing MES, iBASEt Solumina, Plex, etc. Modern, often cloud-native MES with flexible
architecture. Some focus on discrete industries (electronics, med devices) but also provide compliance
modules for cGxP environments. Typically chosen by mid-sized manufacturers or CMOs seeking rapid
deployment and lower total cost. These vendors push open standards (OPC UA, REST APIs) and may be
more agile in innovation cycles.

Sources: Market reports and vendor documentation (www.prnewswire.com) (marketintelo.com)

(www.pharmaceuticalonline.com) (www.pharmamanufacturing.com).

Table 2. Selected Case Studies and Reported Outcomes

Case/[Example

Government
Pharmaceutical

Organization

(Thailand) — Werum

PAS-X MES

Outcome/Benefit Reference

Full-suite MES deployment across plant. Eliminated paper
batch records, replaced with electronic workflows. Enabled
parallel, real-time “review-by-exception,” reducing release
lead times and increasing data integrity on the shop floor
(www.pcne.eu).

(www.pcne.eu)
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Case[Example Outcome/Benefit Reference

Integrated eBR/MES implemented. Annual production batches

. increased by 56% (from ~7,000 to ~11,000) with the same X
(Switzerland) - . (www.rockwellautomation.com)
headcount; corresponded to a “real return on investment”
Rockwell MES/eBR

Ferring Biopharma

and markedly faster throughput (www.rockwellautomation.com).

System features “Right First Time” digital guidance. Reported

Werum PAS-X (vendor as up to 98% improvement in product/process quality and
. X i (www.koerber-pharma.com)
claim) compliance from first use (www.koerber-pharma.com).

(Indicative of error prevention capability.)

MES enable Pharma to “improve performance and reduce

operational cost, while simultaneously increasing compliance” .
Industry Survey/MES X ) (www.pharmamanufacturing.com)
(www.pharmamanufacturing.com). This reflects broad user
Analyst . . . . (www.ey.com)
experience that MES drives leaner, more compliant production

across the board.

These examples illustrate that MES/MOM can have immediate, tangible benefits (e.g. higher
throughput, zero paper, better quality) that justify their expense. In practice, companies should
look for such KPIs (batch yield, cycle time, compliance events, etc.) to measure success post-
implementation.

Discussion: Implications for the
Pharmaceutical Industry

The adoption of advanced MOM/MES systems is reshaping pharmaceutical manufacturing by
making it more data-driven, predictable, and interconnected. Below we discuss several key
implications:

¢ Regulatory and Quality Control: As regulators emphasize data integrity and risk-based approaches,
MES/MOM systems become a linchpin. Because the systems enforce standardization and provide
complete audit trails, firms often see fewer regulatory findings. The capability to quickly produce an
electronic dossier of all GMP data for a batch expedites inspections and product approvals. We
expect regulators to increasingly view MES as part of “state-of-control” strategies. Consequently,
pharmaceutical companies may collaborate with regulators to approve new digital tools faster, much
as the FDA has accepted validated discrete manufacturing systems in the past.

e Operational Agility: The report data show that digital execution translates to faster response to
market changes. For instance, during supply disruptions (as seen in the COVID-19 pandemic),
companies with MES had the visibility needed to re-route materials or alter scheduling quickly. In the
future, MES solutions will likely further integrate supply network data (through APIs with distributors
and suppliers), enabling dynamic scheduling based on real-time demand signals.
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¢ Holistic Data Ecosystem: With MES as a data hub, pharmaceutical firms are accumulating large
datasets spanning process parameters, quality results, and equipment status. This data pool forms
the basis for enterprise-level analytics. Cheminformatics and machine learning applications can be
applied post hoc for process improvement or predictive quality. In effect, MES deployments lay the
groundwork for continuous process verification (CPV) and process analytical technology (PAT) as
envisioned by regulatory guidelines (e.g. FDA's Process Validation guidance).

¢ Cross-Functional Integration: MOM/MES bridges manufacturing with other business units. For
example, production planning (ERP) can use MES feedback on actual yields to refine material
requirements. Likewise, R&D development units increasingly expect the shop-floor MES to feed back
process knowledge (closing the loop between lab-scale development and full-scale production). This
cross-talk is part of the broader trend of digital thread and digital lifecycle management in pharma.

e Workforce Transformation: The human element remains critical. Operators and supervisors now
interact with MES terminals rather than paper logbooks. Workforce training must therefore include
digital literacy in addition to technical skills. The ISPE rightfully points out that benefit realization
depends on organizational maturity (ispe.org) (ispe.org). Companies with disciplined quality cultures
more fully exploit MES data. Those with lean investment processes see clearer ROl. Going forward,
industry education (in universities and continuing programs) will likely cover topics of digital
manufacturing and data integrity more extensively, reflecting MES as part of the core skill set for
pharma engineers.

e Competitive Differentiation: Firms that lead in MOM/MES adoption often outpace peers. For
contract manufacturers (CMOs) in particular, having an advanced MES environment can be a selling
point, enabling them to assure multiple clients of timely, quality-focused production. Among
innovator companies, those using MOM tools effectively can bring therapies to market faster due to
streamlined production qualification and scalable processes. Thus, MES is not just a cost center but
a strategic asset in the biotech and pharmaceutical marketplace.

Conclusion

Manufacturing Operations Management (MOM) and MES software have become indispensable in
today's pharmaceutical industry. This report has shown that comprehensive, validated
MOM/MES systems help pharma companies meet stringent regulatory demands while
unlocking significant gains in productivity and quality. Leading vendors like Werum (Korber),
Siemens, Rockwell, ABB, AVEVA, and others offer robust solutions tailored to the needs of drug
manufacturers — from electronic batch records and recipe control to traceability and analytics
(www.pcne.eu) (www.pharmamanufacturing.com). The technology is rapidly advancing under
the banner of Pharma 4.0, promising ever-greater connectivity (cloud, IoT), intelligence (Al and
ML), and agility (continuous manufacturing) in years to come.

Empirical evidence supports the value of these systems. Case studies and analyst reports
consistently associate MES adoption with faster batch cycles, higher throughput, error
reduction, and easier compliance (www.pcne.eu) (www.rockwellautomation.com)
(www.pharmamanufacturing.com). Market data confirm the robust investment in MES, with
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global market values in the tens of billions of dollars and double-digit growth projections

(www.prnewswire.com). Organizations that embrace this technology gain operational visibility
and control that paper-based methods cannot match.

Looking ahead, pharmaceutical firms will continue integrating MES/MOM into their broader
digital ecosystem. Future developments may include seamless links between R&D,
manufacturing, and supply chain; analytic engines that guide operators in real time; and modular,
cloud-enabled platforms that accelerate deployment and harmonization across sites. However,
success will depend not only on software capabilities but on aligning the technology with
process design, validation protocols, and skilled personnel. In sum, MOM/MES platforms
represent a core enabler of modern, high-performance pharmaceutical manufacturing. As one
industry expert summarized, such systems allow companies to “rest assured that prescribed
standards are met at every stage of production” (www.koerber-pharma.com) — a promise that
underpins both patient safety and commercial competitiveness.

References: The analysis above is based on a review of industry reports, vendor
documentation, and case studies. Key sources include industry publications and whitepapers
(www.pharmamanufacturing.com) (aegex.com) (www.prnewswire.com) (www.pcne.eu), trade
press articles (www.pharmamanufacturing.com) (www.ey.com), and specialist case study
materials (www.koerber-pharma.com) (www.rockwellautomation.com). All claims about market
size and growth, vendor offerings, and implementation outcomes are supported by these
sources.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs
leads the US market in custom Al software development and pharma implementations with proven
results across public biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex
Holding Company (SCLX) and leading CROs across North America.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11
compliance expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years
in software development, multiple successful exits, and patent holder. Recognized as one of the top
Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs,
chatbots, and ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private
cloud Al infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data
conversion, automated document analysis, and intelligent data extraction from clinical and regulatory
documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and
custom field force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants,
and automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory
management solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and
real-time pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring,
and custom data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only.
We make no representations or warranties of any kind, express or implied, about the completeness,
accuracy, reliability, suitability, or availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or
its representatives be liable for any loss or damage including without limitation, indirect or consequential
loss or damage, or any loss or damage whatsoever arising from the use of information presented in this
document.

This document may contain content generated with the assistance of artificial intelligence technologies.
Al-generated content may contain errors, omissions, or inaccuracies. Readers are advised to
independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are
the property of their respective owners. All company, product, and service names used in this document
are for identification purposes only. Use of these names, logos, trademarks, and brands does not imply
endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in
pharmaceutical and biotech companies. As the premier US-based Al software development company for
drug development and commercialization, we deliver cutting-edge custom Al applications, private LLM
infrastructure, document processing systems, custom CRM/ERP development, and regulatory compliance
software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of
software development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your
business needs, please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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