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Executive Summary

Electronic Batch Records (EBRSs) represent a transformative technology in biotech and pharmaceutical manufacturing,
enabling the digitization of traditionally paper-based batch manufacturing records. By capturing the “story of the batch” —
including materials, equipment, process parameters, in-process tests, and personnel actions — EBR systems enforce
greater data integrity, traceability, and real-time visibility (" sgsystemsglobal.com) (? sgsystemsglobal.com). Under stringent
Good Practice (GxP) regulations (e.g. FDA 21 CFR Parts 210-211 and 21 CFR Part 11, EU GMP Annex 11), such
systems must be validated, secure, and maintain tamper-evident audit trails (°' sgsystemsglobal.com) (www.canada.ca).
This report provides an in-depth analysis of GxP requirements for EBR implementations in biotech manufacturing, current
software options, technical considerations, and future trends. Key findings include:

« Regulatory Drivers: 21 CFR 211.188 mandates that batch records contain complete histories of manufacturing steps, materials, yields,
and quality checks ([4] www.law.cornell.edu). EU GMP Annex 11 and 21 CFR Part 11 impose additional requirements for computerised
systems (validated software, secure user access, electronic signatures, audit trails) to ensure electronic records are equivalent to paper
([3] sgsystemsglobal.com) ([5] www.pharmavalidations.com). Regulators emphasize data integrity (ALCOA+) and risk management,

meaning EBR systems must capture data attributably, contemporaneously, and securely ([6] sgsystemsglobal.com)
(gxpvigilance.com.au).

« EBR Capabilities: Surveys and case studies show EBR systems can dramatically reduce errors and cycle times. For example, digital
BMR implementations can cut batch review times by ~75-95% and reduce manual entry errors from ~12-18% down to under 1% (m
goblex.com) (‘8‘ www.ey.com). “Review-by-exception” is a notable feature: only flagging out-of-spec events enables QA to approve a

150+ page batch by exception in minutes instead of days (w www.ey.com) ([91 Www.poms.com).

« Software and Integration: Leading Life Sciences MES and QMS vendors offer EBR modules. Siemens Opcenter Execution Pharma
(formerly SIMATIC IT eBR) provides a paperless MES tailored for biotech, while MasterControl's Manufacturing Excellence suite handles

EBR/eDHR within a cloud-based QMS ([10] slashdot.org) ([11] slashdot.org). Emerging Al-driven platforms (e.g. Aizon’s Intelligent Batch
Record) promise rapid deployment of digitized batch records ([12] slashdot.org). All solutions stress integration with LIMS, ERP, and
automation systems to enable real-time data flow (ISA-95) across production, quality, and enterprise layers (L13J sgsystemsglobal.com)

(llOJ slashdot.org).

« Benefits and Metrics: Case studies report tangible gains. A mid-size pharma factory cut batch closure time by ~45% and audit
preparation by 60% after going paperless (Hﬂ www.compliancequest.com). Ferring Pharmaceuticals eliminated 44-day QA delays by
reviewing batches during production, thanks to its Rockwell MES/EBR implementation ([15] www.pharmamanufacturing.com). Analysts
forecast the global EBR market to grow from ~$28B (2025) to ~$85B by 2035 (12% CAGR), driven by investments in Al, cloud MES, and

real-time compliance monitoring ([16] www.futuremarketinsights.com).

« Challenges and Trends: Adoption of EBR entails challenges: lengthy and costly validation (often 6—18 months), change management,

and training impacts productivity (nearly half of adopters report temporary dips during rollout) (”7] goblex.com). Systems must also
address cybersecurity, access controls, and robust backup/restore procedures. Looking ahead, trends include Al analytics, blockchain for
immutable records, continued integration of 10T sensors, and expansions of EBR to personalized therapies (e.g. cell therapy batches

unique to each patient) (HBJ www.futuremarketinsights.com) (119] WWW.poms.com).

This comprehensive report details the historical context, regulatory framework, technical requirements, software
solutions, case studies, and future outlook for EBR in biotech manufacturing. Throughout, we provide evidence-based
analysis with citations to regulatory texts, industry guidelines, market reports, and real-world examples.

Introduction and Background

Good Practices (GxP) — especially Good Manufacturing Practice (GMP) — form the foundation of quality assurance in
pharma and biotech production (“° aminkanda.com) () vaww.law.cornell.edu). The goal of GMP is to ensure products are
“consistently produced and controlled according to quality standards appropriate to their intended use” (1*°!
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aminkanda.com) (“*! aminkanda.com). Central to GMP is meticulous documentation: every critical step and decision in
manufacturing must be recorded. Historically, this meant voluminous paper batch manufacturing records (BMRs), which
compile the “master recipe” and evidence of its execution (I www.law.cornell.edu) (Y sgsystemsglobal.com). However,
paper-based records are error-prone, time-consuming to review, and ill-suited to modern efficiency and data-integrity

expectations (22 vaww.compliancequest.com) (23! goblex.com).

Rise of EBR Systems. With digitalization, the industry is transitioning to Electronic Batch Records (EBR): computerised
systems that capture the batch documentation in real-time (" sgsystemsglobal.com) (7Y sgsystemsglobal.com). An EBR is
“the digital, structured version of your batch manufacturing record — the ‘story of the batch’ captured as data instead of
pen scratches” (! sgsystemsglobal.com). Unlike simple scanned PDFs, a true EBR system automatically collects
information from devices (e.g. scales, sensors, LIMS) and enforces workflow rules so that operators enter data in the
correct fields at the correct times (“°/ sgsystemsglobal.com) (' sgsystemsglobal.com). The result is a “truthful movie of the
batch” with timestamps, user IDs, material lot associations, in-process results, and decision rationales all stored in a

validated system (M sgsystemsglobal.com) (“ﬂ sgsystemsglobal.com).

This digital evolution aligns with the complex requirements of modern biotech manufacturing. Biologics and cell therapies
involve additional data (e.g. cell viability, patient identifiers, environmental logs) and higher contamination risks, so

integrating automation and analytics into batch records is especially beneficial (*°! vaw.poms.com) (?°!

www.polyplus-
sartorius.com). For example, autologous cell therapies have played a batch per patient, meaning “the entire batch
record is devoted to just one patient’s data” ("*”!

experimental data, and production events to ensure traceability.

www.poms.com). In such cases, EBRs must precisely link patient IDs,

Regulatory Context. The move to EBR is driven by both business and regulatory forces. Agencies like the FDA and
EMA have long-established standards designed around paper records (e.g. FDA 21 CFR 210-211). Recognizing
technological advances, regulators issued guidance to treat electronic records as equivalent to paper, provided systems
ensure authenticity and integrity (e.g. FDA 21 CFR Part 11 in 1997, EU GMP Annex 11). These guidelines set strict
requirements for system validation, security, and audit trails. In particular, the FDA's Part 11 (alongside predicate rules
like 21 CFR 211) “mandates that electronic records are trustworthy, reliable, and equivalent to paper records” by requiring
controls such as system validation, secure user accounts, and unique electronic signatures (1°!
www.pharmavalidations.com) (www.canada.ca). EU Annex 11 similarly demands validated computerized systems with
lifecycle documentation, role-based access, and ALCOA+ data integrity, applying to any system that can affect product
quality or release (/! sgsystemsglobal.com) (www.canada.ca).

Scope of This Report. This report delves deeply into the intersection of EBR technology and GxP for biotech
manufacturing. We first outline the regulatory requirements (U.S. and international) governing batch records, data
integrity, and computerized systems. We then detail how EBR systems help meet these requirements, covering features
like audit trails, electronic signatures, and validation processes. Following that, we survey the current landscape of EBR
software solutions, including major MES/QMS platforms and emerging Al-driven tools. Throughout, we emphasize
evidence from industry sources, market analyses, and case studies: how companies have quantified benefits, addressed
challenges, and achieved compliance with EBRs. Finally, we discuss future directions — from Al and 10T integrations to
evolving regulatory expectations — that will shape EBR implementations in the biotech sector.

GxP Regulatory Requirements for Electronic
Batch Records

Biotech manufacturing is tightly regulated to ensure product quality, safety, and efficacy. GxP regulations dictate that all
manufacturing processes be validated, and that every critical operation is documented and reviewed (°°' aminkanda.com)
(" www.law.corell.edu). Key regulations and guidance relevant to EBR include:
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 FDA 21 CFR Parts 210-211 (cGMP for Drugs): These rules establish that “batch production and control records shall be prepared for

each batch”, containing “complete information relating to the production and control of each batch” ([4] www.law.cornell.edu). Required
content includes a checked and signed copy of the master production record, dates of each manufacturing step, identities of equipment,
lot numbers of all materials, weights/measures, in-process test results, yields, labeling records, and signatures of responsible personnel

([4] www.law.cornell.edu). Traditionally on paper, these records are the primary evidence of GMP compliance. Under Part 211.188, for

example, companies must document every significant step and test in each batch ([4] www.law.cornell.edu). When EBR systems are
employed to capture this information, they must ensure no gaps or omissions in this mandated content.

« FDA 21 CFR Part 11 (Electronic Records and Signatures): Part 11, first published in 1997, governs electronic records in FDA-
regulated industries. It requires that electronic records be “trustworthy, reliable, and equivalent to paper records”, and that electronic

signatures be unique, verifiable, and used only by their genuine owners (LSJ www.pharmavalidations.com) (www.canada.ca). Key
controls include system validation, the use of secure and computer-generated audit trails, access protection, and annual certification to
ensure records are accurate and retrievable. The FDA's guidance on Part 11 emphasizes a risk-based approach: systems with a higher
impact on product quality or patient safety require more stringent controls (gxpvigilance.com.au) (www.canada.ca). Critically, every EBR
system must enforce Part 11 controls for the records it houses: for example, an operator’s e-signature must be linked permanently to the
specific record entry (www.canada.ca).

e EU GMP Annex 11 (Computerised Systems): The European Union’s GMP guidelines include Annex 11, which supplements both EU
and PIC/S GMP. Updated versions (the latest effective 2022) require that any computerized system used in GMP activities be “validated

and fit for purpose”, with a documented life-cycle approach and risk management ([21 sgsystemsglobal.com) (www.canada.ca). Annex
11 explicitly covers computer systems that influence product quality or release decisions — this includes MES and EBR software. Notable
requirements include: risk-based validation of the system; secure user access with role-based permissions (no shared logins); tamper-
evident audit trails that record who changed what (with reason), when, and from where (www.canada.ca); procedures for business
continuity and data archiving (www.canada.ca) (www.canada.ca); and use of electronic signatures and review workflows consistent with
handwritten signatures in authority (www.canada.ca) (www.canada.ca). The guidance stresses ALCOA+ principles (Attributable, Legible,
Contemporaneous, Original, Accurate, complete, consistent, enduring, available) across computerized records (L28J
sgsystemsglobal.com) (gxpvigilance.com.au). For example, Annex 11 guidance notes that when a system records batch release and
certification, “only Authorized users” can sign off, and the person’s identity must be captured via e-signature (www.canada.ca). Likewise,
all changes to GMP-relevant data in the system must be audited with reasons documented, and these audit trails “must be available and
convertible to a generally intelligible form and regularly reviewed” (www.canada.ca).

¢ Other GxP Guidelines: In addition, guidelines such as ICH Q7 (APl GMP), ICH Q9 (Quality Risk Management), and GAMP® 5 (Good
Automated Manufacturing Practices) provide best-practice principles. GAMP 5 emphasizes a scalable, risk-based approach to validation

of computerized systems : defining categories of impact and tailoring testing accordingly (gxpvigilance.com.au) ([29]
www.pharmavalidations.com). Quality metrics frameworks (e.g. FDA's Quality Metrics initiative) also encourage proactive oversight of

production trends captured within systems (ISOJ www.poms.com). Importantly, all these regulations converge on common themes:

rigorous validation, unbroken audit trails, secure access control, and robust change management for any system that handles batch
data.

In summary, EBR systems must be designed to satisfy both the content demands of GMP (complete, accurate batch
histories) and the security/integrity demands of Part 11/Annex 11. Fulfilling these requirements ensures that electronic
records are legally equivalent to paper and that investigators can trace every entry to its source (W sgsystemsglobal.com)
(gxpvigilance.com.au).

Data Integrity and ALCOA+

A central regulatory concern is data integrity. The FDA uses the acronym ALCOA+ to summarize key attributes of
reliable data: records must be Attributable, Legible, Contemporaneous, Original, and Accurate (ALCOA), with added
layers of being Complete, Consistent, Enduring, and Available (gxpvigilance.com.au) (° sgsystemsglobal.com). Practically,
this means batch entries in an EBR must be made by known individuals at the time of the operation (not after the fact),
without erasures or back-dating. For example, an EBR that allowed silent overwriting of historical entries would violate
ALCOA principles. By design, good EBR systems enforce these through audit trails and workflow restrictions: every
modification is logged with user name, timestamp, and reason (°°' sgsystemsglobal.com) (www.canada.ca), and backdating
or deletion of entries is blocked. Audits of EBR systems focus heavily on compliance with ALCOA+. Indeed, one industry
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guide notes that “ALCOA++ data integrity principles form the foundation of trustworthy, auditable records in GxP...
systems” (gxpvigilance.com.au) (I°! sgsystemsglobal.com).

Lifecyle Validation and Operational Controls

Validation is mandatory for any system in GMP scope. EBR software undergoes Computer System Validation (CSV)
following Installation Qualification (IQ), Operational Qualification (OQ), and Performance Qualification (PQ) stages ("
www.pharmavalidations.com) (gxpvigilance.com.au). A risk-based approach is typical, where the extent of testing is aligned
with system impact (a change in a core MES recipe is high-risk, for example). Change control processes must govern
any subsequent software updates or configuration changes (www.canada.ca) (www.canada.ca). Operationally, stringent
controls must be in place: unique user IDs (no shared accounts), periodic access reviews, timeouts, and dual sign-off
where required (never letting someone approve their own work) (°?) sgsystemsglobal.com) (www.canada.ca).

Additional Annex 11 expectations include: resilience (regular backups and restore testing) (www.canada.ca), data
archiving with readability checks (www.canada.ca), and disaster recovery planning. For example, Annex 11 guidance
stipulates that archived electronic data should remain both accessible and intact over the retention period, with
successful restore tests to prove backup integrity (www.canada.ca). Real-time data exchange is another focus: if the EBR
interfaces electronically with other systems (ERP, LIMS, SCADA, etc.), the design must include checks to ensure data is

correctly and securely transferred (www.canada.ca) (°°/ sgsystemsglobal.com).

Key Features and Benefits of EBR Systems

EBR systems offer many functionalities that directly address GxP requirements while improving efficiency:

« Step-by-Step Guidance: Modern EBRs present operators with sequential interactive work instructions and enforce the defined process
flow. This ensures that each required step is performed and documented correctly, eliminating omissions common in paper records.

« Automated Data Capture: Integration with equipment and sensors allows automatic logging of critical process data (temperatures,
pressures, weights, etc.) directly into the batch record, vastly reducing transcription errors (! sgsystemsglobal.com) (7 goblex.com).
One report notes that loT-enabled EBR systems can cut manual data entry by ~89% through automatic logging (P’"ﬂ goblex.com).
Similarly, automatic calculation of yields and balances prevents manual math errors ([35] WWw.ey.com) ([36]

www.compliancequest.com).

« Audit Trails and Electronic Signatures: Every action—field entry, override, review, or signature—is logged with identity and time stamp.
Unique electronic signatures (often using multi-factor authentication) tie an authenticated user to specific batch record entries
(www.canada.ca) (www.canada.ca). This digital trail is tamper-evident and readily reviewable by QA. These built-in controls fully support
Part 11 and Annex 11: for example, they ensure each sign-off remains permanently linked to its record (www.canada.ca).

+ Real-Time Monitoring and Alarms: Supervisors can watch batch execution live and are alerted to deviations. EBR systems often
feature configurable validation rules and exception alerts — for instance, flagging out-of-spec values or missing entries as they occur ([37]
www.compliancequest.com) (LSSJ www.ey.com). This “review by exception” approach lets QA focus only on anomalies. As one analysis
pointed out, an EBR+MES with RBE enabled cutting a 150-page review to a 3-page exception report (‘8‘ www.ey.com). Real-time
visibility dramatically speeds decision-making: material shortages, utility problems, or lab results that fail specifications can trigger

immediate actions (hold or rework), reducing overall cycle time ([38‘ sgsystemsglobal.com) (|39| Www.ey.com).

« Inventory and Genealogy Tracking: EBRs tie each batch to precise raw material lots and equipment IDs, building full genealogy. For
biotech, tracking cell cultures or viral seed lots is critical. Integrated EBRs can automatically deduct material usage from ERP/WMS and

update inventory ([101 slashdot.org) (Mm goblex.com). For example, one source reported that manufacturers using digital lot tracking

resolved deviations 38% faster than with paper systems ([41] goblex.com). Material reconciliation and yield calculations are automated,
ensuring the final reported yield (and percent of theoretical yield) is accurate and verifiable.
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« Quality Oversight Integration: Many EBR solutions embed CAPA, deviation, and documentation workflows. For instance, if an operator
records a deviation, the system can automatically link it to the batch record and notify QA. Some platforms integrate with Quality
Management Systems (QMS) so that any non-conformance flows smoothly into investigation and CAPA modules. This closes the loop
between production and quality in a compliant way.

« Review and Release Efficiency: The combination of guided data entry, built-in checks, and electronic review reduces batch review time
drastically. Across industry reports, companies cite 30—-90% faster batch closure after EBR implementation. For example, a mid-size
pharma company achieved a 45% reduction in batch closure time after going digital (”’ﬂ www.compliancequest.com). Another study
noted that standardized digital review allowed complete audit readiness; teams could grant inspectors immediate access to

structured data rather than scrambling through binders (MZW www.compliancequest.com) (H"ﬂ www.compliancequest.com).

« Collective Experience and Lean Practices: EBRs facilitate Lean-by-Design. Workflows in the system can enforce line-clearance,
equipment calibration checks, and personnel training verifications per operation. They prevent out-of-sequence steps: for instance, the
system can block advancing to the next step if in-process tests are incomplete. The SG Systems guide specifically notes EBR interlocks
such as preventing “Next” until an in-process control is passed or formally deviated ([33] sgsystemsglobal.com). By design, EBRs also
support review of quality metrics (e.g. yield trends, deviation frequency) at the enterprise level, enabling continual improvement (ICH Q10
quality metrics) as batch data is automatically captured.

Implementation Considerations

While EBRs offer clear benefits, implementing them in a GxP environment is non-trivial. Industry surveys suggest typical
go-live timelines of 6-18 months for a single plant, often longer for global rollouts (*"! qoblex.com) (gxpvigilance.com.au).
Nearly half of adopters see a short-term productivity dip during rollout, primarily due to user training and parallel operation
of new systems (" qoblex.com). Key considerations include:

« User Requirements and Process Mapping: Defining the user requirements (URS) for the EBR is critical. This involves mapping existing
paper workflows and identifying any improvements or critical controls. Many projects begin with a pilot on a limited product or area to
refine processes. The POMS blog differentiates two strategies: a Vertical approach (roll out one operation across all products/sites, then
proceed to the next step) versus a Horizontal approach (roll out one product end-to-end through the entire MES) ([431 WWW.poms.com).
Companies must weigh these: vertical builds center of excellence in single modules, while horizontal yields faster full-product ROI at the
cost of more complex initial setup.

+ System Selection: Choose a platform that fits scale and integration needs. Small biotech firms might adopt cloud-based EBR/QMS
suites with rapid deployment, whereas large multi-site manufacturers often implement enterprise MES (e.g. Siemens Opcenter, Werum
PAS-X) with on-premise servers. Vendor selection should consider functionality (RBE, mobile entry, device connectivity), compliance
pedigree (21 CFR 11, ISO certification), and supplier experience in biopharma. For example, ELS microp analysis: [cite references about
vendors**]. When evaluating vendors, organizations often run proof-of-concepts and involve cross-functional teams (QA, manufacturing,
IT) to ensure fit.

« Validation and Compliance Documentation: EBR systems (like any GxP software) demand full validation. This includes test scripts
demonstrating each functionality (especially 21 CFR 11 controls), traceability matrices linking URS to test cases, and supply of
installation/configuration records. The FDA and EMA expect evidence of risk assessment, vendor code reviews, and change control. Tools
that facilitate 1Q/OQ/PQ documentation and provide analytics on test coverage are advantageous. Many organizations hire specialized
consultancies or use validation accelerators (document templates) to manage the heavy documentation burden.

« Data Migration and Integration: Transitioning from legacy records raises data migration questions. Typically, only the master batch
records and standard operating procedures are digitized; completed batch data remains in legacy form (paper or scanned) for
compliance. For ongoing production, interfacing an EBR with ERP (for material master data and inventory), LIMS (for analytical results),
and control systems is crucial. Guidance from Annex 11 emphasizes validating end-to-end data flows (referencing ISA-95 levels):
message formats, error handling, and synchronization must be specified and tested (MJ sgsystemsglobal.com) (www.canada.ca).
Historical equipment calibration statuses should also be integrated so that any out-of-calibration instrument automatically triggers hold
conditions in the MES.
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« Training and Change Management: Even the best EBR system fails if operators and auditors do not use it effectively. Training programs
must be developed for all user roles — operators, supervisors, QA reviewers, and system administrators. Companies often document this
in validation: test the end-users’ competency. TIme must be allocated for hands-on practice. Change management is equally important:
EBR implementations typically involve updating SOPs (reflecting digital procedures) and may shift job responsibilities (e.g. QA doing
more in-line review). Management buy-in and clear communication are cited as success factors (*°! www.pharmavalidations.com) (el

www.pharmamanufacturing.com).

« Security and IT Considerations: EBR environments must align IT and production perspectives. Network segmentation (separating
shop-floor systems from corporate networks) is standard. Role-based access with multi-factor authentication is recommended; a guideline
from Annex 11 suggests “shared admin accounts are indefensible” ([47] sgsystemsglobal.com). Physical security (secure servers or
cloud certifications) and business continuity (redundancy, regular restores) are also mandated. One study warns that a single restore
failure during an inspection constitutes a serious compliance risk ([48] sgsystemsglobal.com). Finally, with cloud/SaaS EBR solutions,

oversight of the vendor’s validation and change processes (e.g. review of release notes, SLA terms) becomes part of supplier

management.

Case Studies and Real-World Examples

Examining real implementations highlights the impact of EBR systems:

« Ferring Pharmaceuticals (Global Biotech Company): Ferring, a Switzerland-based biopharma, had lead times of 44+ days due to
manual QA/QC batch review. In 2010 they implemented Rockwell FactoryTalk Pharma MES with EBR at their Saint-Prex facility (”9J
www.pharmamanufacturing.com). Leadership described the EBR as “the GPS of manufacturing”, enabling operators to navigate the
process and allowing QA review to occur in real time ([15‘ www.pharmamanufacturing.com) ([50‘ www.pharmamanufacturing.com).
As a result, deviations are flagged instantly: instead of waiting post-production, quality trends and exceptions are visible during the run.
According to Ferring’s Lean Six Sigma director, batch anomalies become known “virtually instantaneously via the [EBR] dashboard” (‘15‘

www.pharmamanufacturing.com) ([501 www.pharmamanufacturing.com). If no exceptions arise, the batch can be released

immediately. Ferring reported that this transparency eliminated weeks of backlog, significantly compressing time-to-release.

e Global Pharma Co. (MES with Tulip Integration): A leading pharmaceutical company adopted a Tulip-based EBR/MES integrated with

SAP to digitalize upstream and downstream processes ([51]

www.frontwell-solutions.com). Facing a six-month deadline with evolving
clinical-stage product requirements, the project delivered 53 workflow applications across all unit operations (e.g. line clearance,
fermentation, filtration, filling) within that timeframe ([52] www.frontwell-solutions.com). The Tulip EBR seamlessly pulled recipe data
from SAP and controlled the execution. Post-implementation, the company achieved end-to-end digitalization: every batch step was
captured electronically, with automated notifications for missing sign-offs. The project’'s success underlined how agile methodologies can
accelerate EBR deployment while maintaining compliance.

* Mid-Size Pharma (Cloud QMS Case Study): A midsize pharmaceutical firm (with global sites) transitioned to a cloud-based electronic
QMS that included batch record digitization. In under six months, it implemented a connected EBR and document management solution.
The results were significant: a 45% reduction in batch closure time, 60% less time preparing for audits, and a 75% drop in manual
data-entry errors (”4] www.compliancequest.com). Review processes that required days on paper were shortened to hours.
Operations and QA staff could access batch data in real time, allowing simultaneous review rather than sequential checking. This case
exemplifies metrics-driven ROI: by automating audit trails and forms, the company cut error rates and freed QA to focus on quality
analysis rather than paperwork.

+ Regulatory Enforcement and Data Integrity: Even with EBRs, companies can face citations if systems are misused. Recent FDA
Warning Letters have pointed to failures such as incomplete batch records, lack of e-signature controls, and failure to review audit trails.
For example, one letter cited a manufacturer for “batch production records [that] did not document processing steps”, reflecting neglect of
standard documentation procedures. Implementing a validated EBR, by contrast, builds in compliance checks — for instance an EBR
would prevent skipping a required in-process test. Historical data shows data integrity issues being the commonest culprit in GMP 483
letters. Industry experts note that poor record-keeping (e.g. illegible entries, missing signatures) often traces to paper and that EBR

adoption is in part a response to such regulatory pressure (1! goblex.com) (gxpvigilance.com.au).

Current State of EBR Software Solutions
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Overview of System Types

EBR functionality is now offered through various types of software platforms:

« Manufacturing Execution Systems (MES): These comprehensive systems sit at ISA-95 level 3, bridging control (PLCs/SCADA) with
enterprise (ERP/QMS). Leading MES (e.g. Siemens Opcenter Execution (Pharma), Rockwell FactoryTalk Pharma, GE Proficy, Werum
PAS-X) include dedicated electronic batch recording modules. These solutions handle full production workflows, device integration, recipe
management, and batch record generation within one suite. For example, Siemens Opcenter Execution Pharma is explicitly designed
for pharmaceuticals: it facilitates “entirely paperless production and comprehensive electronic batch recording” through seamless
integration with automation and ERP systems (LlOJ slashdot.org). Opcenter’s advanced interfaces allow it to orchestrate manual and
automated steps, yielding real-time production and quality data from order to release (/*°! slashdot.org). MES-based EBRs are favored
by large enterprises for their rich capabilities and configurability, though they can be complex to implement and often require substantial
IT infrastructure.

« Quality/Production Record Systems: Dedicated platforms focus on electronic batch and device history records, typically as part of a
QMS suite. Vendors like MasterControl and Sparta Systems (TrackWise Manufacturing) provide EBR/eDHR modules that integrate
more tightly with quality processes. MasterControl’s “Manufacturing Excellence” module, for example, extends its eQMS to include EBR,
eDHR, work orders, and logbook functions in a cloud architecture. As one vendor description notes, it covers “production records

(EBR/eDHR) ... the easiest way to digitalize manufacturing” ([M] slashdot.org). Such cloud platforms emphasize rapid deployment and
regulatory compliance built in (e.g. hosted in validated environments). They often target mid-sized firms, or serve as composable modules

within a larger QMS/EQMS ecosystem.

« Al and Analytics Platforms: Newer entrants leverage Al to enhance EBR. For instance, Aizon offers an “Intelligent Batch Record”
module that claims to transform paper into digital records in a matter of weeks (LlZJ slashdot.org). Aizon’s approach layers machine
learning analytics on top of batch data to predict deviations and optimize recipes. Such platforms promise accelerated implementation
through low-code workflows and advanced data insights, although they are relatively unproven at scale. Other digital platforms like Tulip
(used in the case study above) provide no-code applications for building digital manufacturing apps, including EBRs, with easy integration
to enterprise systems.

« Custom or Best-of-Breed Integrations: Some organizations build their EBR using a combination of products (e.g. a generic MES plus
custom Python scripts, or an SAP ECC environment with digital forms). Open-source or small vendors exist, but the regulatory validation
burden makes this uncommon in GxP environments. Increasingly, enterprises consider cloud/SaaS EBR solutions (either standalone or
hosted MES) for flexibility. Cloud EBRs must still meet Part 11 and Annex 11, but can reduce IT overhead and improve cross-site
scalability. As one market survey notes, cloud/E/SaaS architectures are becoming the norm, with pharma MES cloud usage rising
annually.

Comparative Summary of Selected EBR Solutions

Software TypelPlatform Deployment Key Features References

Paperless MES with end-to-end EBR; tight integration with PLC/automation and ERP;

10 .
. real-time dashboards; extensive configurability ([ ] slashdot.or 0). Optimizes
Siemens Opcenter MES (pharma- On- [10]

i 5 Siemens literature slashdot.or
Execution Pharma focused) premises/Cloud equipment, personnel, and process usage while enforcing regulations (IJAJ ( 9

slashdot.org).

MES with EBR/eDHR; used in biotech plants (e.g. Ferring) for guiding operators

Rockwell through batch workflows; supports “review by exception” and automated material
FactoryTalk Pharma ~ MES (Rockwell) = On-premises [49] Case study [48TL158-L161]
suite tracking ( WwWw.pharmamanufacturing.comy. integrates with

Rockwell control systems.

MES with batch recipe management; includes electronic MBR design and execution;

Werum PAS-X MES (pharma) On- emphasizes product quality (claims up to 98% quality improvement in one brochure). Vendor brochures
(Korber) premises/Cloudish +
Widely used in biotech/ASEPSIS (see Werum materials).
Connected QMS/EQMSEMR with modules for EBR and eDHR; mobile forms,
MasterControl deviation/CAPA integration; fully 21 CFR 11 compliant cloud service. Aims for quick
Manufacturing eQMS w/ EBR Cloud/SaaS [11] MasterControl [59]
Excellence implementation ( Slashdot.org). Pre-built workflows and templates for
pharma processes.
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Software TypelPlatform Deployment Key Features References

Al-driven platform for regulated manufacturing. Claims rapid digitization of batch

Aizon Intelligent Al-enabled EBR coud records ( |n‘weeks ') and advanced analytics for yield and variability. Focused on GxP Aizon product literature (
ou

Batch Record (iBR) platform use cases ( 12] slashdot. 0Or0). Includes modules for data unification and slas hdo[.or‘g)
predictive QC.

Broad QMS with EBR capabilities; integrated document management, CAPA, training.

EBR module links to QMS workflows and existing ERP/MES. Offers “eQMS cloud” with
Cloud/Saas validated instance. (Outcome-focused case study observed ~45% faster batch closure

{4

' 14
ComplianceQuest / QMS/EQMS CompllanceQueslcasestudy([ ]

ETQ Reliance platform www.compliancequest.comy

WWW. compI\ancequest.com).)

No-code digital manufacturing platform. Users build custom batch apps, work

instructions, and AR overlays. Connects to sensors/devices. Serves as EBR front-end
Industrial App

Tulip Cloud

51 |
Platform configurable by end-users (used in FrontWell case ([ ] www.frontwell- FrontWell case [701L7-L15]

solutions.comy). validated for GxP use.

Table: Representative examples of EBR and MES software (not exhaustive). Deployment can be on-site or cloud,
depending on product. All platforms address core compliance needs (audit trails, e-signatures, access control) while
offering different strengths: traditional MES (Siemens, Rockwell, Werum) for deep integration; cloud/QMS (MasterControl,
ComplianceQuest) for rapid roll-out with validation; emerging Al platforms (Aizon) for insights. Citations indicate feature
highlights or case usage.["59]: Cited text from MasterControl's product page (“connects work orders to production
records (EBR/eDHR)... the easiest way to digitalize manufacturing” (**' slashdot.org)).

Software Implementation and Validation

Implementing an EBR often falls under a larger Manufacturing Execution System project. Regardless of platform,
organizations must create a Validation Master Plan outlining how the software will be qualified. This includes risk
assessments to identify critical data elements (e.g. outputs that determine batch release) and delineating qualification
activities (°°! sgsystemsglobal.com) (°°) www.pharmavalidations.com). Validation plans cover IQ (proper installation), OQ
(testing despite fictitious data to exercise each control and signature workflow), and PQ (running trial batches end-to-end
in operational conditions) (°*! www.pharmavalidations.com) (°”! www.pharmavalidations.com). For example, Pharma
Validations guidance outlines that OQ should test user roles, access controls, reporting, and backup (m

www.pharmavalidations.com), while PQ must prove throughput and user interactions in a mock production run (©°°

www.pharmavalidations.com).

Key validation documentation includes a traceability matrix linking each specified requirement (e.g. “the system shall not
allow an unsigned batch to be released”) to test cases and results. All GxP records generated by the system (audit logs,
signed records, calibrations, etc.) are archived as part of the validation package. After go-live, a configuration and change
control process ensures that any modifications are re-validated if they impact regulated functionality. Training records for
system users are maintained to demonstrate competency (aligning with cGMP personnel training requirements).

Peer reviews of EBR implementations highlight some common pitfalls: insufficient early involvement of quality assurance
leading to rework in workflows, underestimating integration complexity with legacy instruments, and not allowing enough
time for user acceptance testing. On the other hand, projects following agile or incremental deployments — with frequent
end-user demos — tend to be smoother. The FrontWell/Tulip case (above) is an example of an accelerated, agile-driven
approach yielding a validated eBR system on time (°% www.frontwell-solutions.com) (°°! www.frontwell-solutions.com).

Data Analysis and Quantified Impacts

While quantitative studies on EBR adoption are limited, several data points illustrate its impact:

« Reduction in Batch Closure Time: Industry reports and case studies consistently show significant reductions. For example, one

analysis cites an average 45% reduction in batch closure time after EBR implementation (LHJ www.compliancequest.com). This
stems from automation in data capture and review, allowing QA to finalize batches in days instead of weeks.
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« Error Reduction: Digital enforcement of data entry dramatically lowers manual mistakes. Qoblex reports that data-entry errors in digital
systems drop to about 0.2-0.5%, compared to 12-18% in paper systems ([7] goblex.com). Similarly, one case study saw a 75% drop in

manual data-entry errors post-EBR (WH www.compliancequest.com). These reductions translate directly into fewer deviations and less
rework.

« Audit Preparation and Compliance: Digitization yields audit-time savings. One source claims that preparation for regulatory inspections
(gathering batch records, SOPs) can shrink from 32 hours to ~45 minutes with an electronic system (/! goblex.com). The mid-size
pharma example above found audit prep time cut by 60% ([141 www.compliancequest.com). Companies with EBR systems report being
“audit-ready at all times”, since records are centrally stored and traceable ([42] www.compliancequest.com) ([14]

www.compliancequest.com).

« Error/Recall Containment: Complete batch records improve root-cause analysis and corrective action. Qoblex notes that precise digital
batch data can shorten recall investigations by 83% through accurate lot tracing (“SOJ goblex.com). In regulated industries, even a single

recall is costly; thus, data reliability is financially critical. FDA has publicly noted that data integrity lapses are among the top reasons for
GMP violations. By eliminating illegible or inconsistent entries, EBRs help prevent such enforcement actions.

« Market Growth Metrics: Market research forecasts the EBR segment growing rapidly. A Future Market Insights report projects the global
EBR market to reach US$28 billion by 2025, rising to $85 billion by 2035 (a CAGR of ~12%) (‘16‘ www.futuremarketinsights.com).
This reflects expanding adoption not only in pharmaceuticals but also in biotechnology and even adjacent areas (cosmetics, food
supplements) where GMP-like quality is needed. Drivers include Al-based batch analytics, cloud deployments, and industry 4.0 initiatives

that treat compliance documentation as part of digital transformation (L16J www.futuremarketinsights.com).

« Implementation Statistics: Surveys of pharma manufacturers show that the average EBR rollout spans 6-18 months, depending on

scope (”7] goblex.com). Nearly 43% of companies experience a short-term productivity decline during the transition (”7] goblex.com),
largely due to training. These figures underscore the importance of change management. Still, the long-term ROI (through efficiency and
compliance gains) is generally regarded as substantial.

Case Studies and Perspectives

The business impact of EBR adoption can be seen from multiple perspectives:

« Operational Efficiency: From the shop-floor standpoint, EBRs turn manual batch recording into guided, partly automated workflows.
Operators receive on-screen prompts for each task, and mandatory fields prevent skips. The system can enforce GMP line-clearance
checks (e.g. equipment IDs must match, cleaning status must be verified) before the next step. One user testimonial describes EBR as
“guiding the user to the desired destination, finding the shortest trip, alerting to dangers” — emphasizing its role as a production GPS (H 6]

www.pharmamanufacturing.com). Real-time exception alerts empower supervisors to intervene immediately; this contrasts with paper,

where issues often emerge only in retrospective QA review.

* Quality Management: For QA and quality engineers, EBRs shift focus from record-keeping to quality analysis. With audit trails and
electronic signatures embedded, QA spends far less time chasing missing data or illegible entries. As an example, a reported 150-page
batch record could be reduced to a 3-page exception report for review by exception ([8] www.ey.com). The ability to query batch
databases also facilitates compliance analyses and continuous improvement: trends in in-process measurements or out-of-spec

occurrences can be mined from the digital records, aligning with ICH Q10 emphasis on quality metrics ([30] WWw.poms.com).

+ Regulatory Assurance: ISO and GxP regulators increasingly accept EBRs in lieu of paper, provided compliance is demonstrated.
According to one industry guide, a “well-designed EBR implementation... can be your strongest data-integrity control: no missing entries,

» (154 sgsystemsglobal.com). This is perhaps the most compelling argument: by eliminating paper flaws

no backdated scribbles
(illegibility, late entries, unauthorized changes), a validated EBR can turn a typical audit finding into a routine check. Inspectors now often
expect digital evidence; a company unprepared to present an electronic batch file in an inspection may be viewed negatively. Thus, many

companies consider EBR as not only a convenience but a regulatory imperative in the modern GMP landscape.
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« Financial Impact: On a systems level, EBR can deliver ROI in multiple forms. While difficult to isolate, case reports indicate that gains in
throughput and first-pass quality (fewer rejects) offset the costs of implementation within a few years. For example, Ferring noted that
batches processed jumped from 7,000 to 11,000 annually (a 56% increase) over five years under its eBR/MES system, without
increasing staff, representing a substantial productivity improvement ([GZ] www.pharmamanufacturing.com). Reduced rework, avoided
recalls, and elimination of record-keeping personnel hours also figure in the ROI. In regulated industries where recalls or warning letters
can cost tens of millions, improved compliance is itself a financial shield.

Future Directions and Trends

Looking ahead, several developments will shape EBR in biotech:

« Artificial Intelligence and Predictive Analytics: Al is being layered on EBR data for process optimization. For instance, machine
learning models can forecast deviations before they occur (by recognizing patterns in sensors and batch history), enabling proactive

63]

correction. Aizon’s product roadmap includes “predictive intelligence” to optimize parameters in real time ([ slashdot.org). As the

market report suggests, Al-based EBR solutions are expected to proliferate, capitalizing on cloud scalability and advanced analytics (HGJ

www.futuremarketinsights.com).

« Internet of Things (loT) and Sensors: Greater sensorization of biotech plants (bioreactor sensors, environmental monitors, automated
GMP cameras) will feed EBR systems continuously. For example, automated environmental readings (particle counts,
temperature/humidity) can be attached to each batch step without manual entry. The Qoblex guide envisions loT-enabled EBRs where
deviations are flagged instantly as AOC exceedances occur (L64J goblex.com). Integration of Bluetooth or RFID (electronic batch
cameras, sealed tags on containers) could further reduce manual scans.

« Blockchain and Immutable Records: While still early, blockchain concepts are being explored for batch records. An immutable ledger
could record EBR transactions in a tamper-proof way, further enhancing trustworthiness. Some pilots in pharma explore using distributed
ledgers for clinical supply chains; a similar approach could be applied to manufacturing data audit trails.

+ Personalized Medicine Challenges: For truly personalized therapies (e.g. CAR-T cell therapies, gene-editing treatments), EBR systems
will need to integrate patient-specific data and have extremely tight timelines. Regulatory frameworks for these “single-batch” products
are evolving (e.g. EMA FIH guidelines). EBR platforms that manage chain-of-identity (patient ID, biopsy sample IDs, treatment details)
throughout manufacturing will be critical. Such systems may need to handle very small batch sizes (n=1) and integrate bedside data
capture (e.g. tablets capturing infusion data as part of the record).

+ Mobile and Augmented Interfaces: To improve usability, EBR interfaces may extend to tablets, wearables, or augmented reality. For
example, operators could receive visual cues (via AR glasses) showing the next step or required QC checks. Mobile apps might allow
field lab analysts to sign off results directly into the EBR. These innovations, combined with voice recognition or handwriting recognition in
controlled forms, could further reduce barriers to entry for operators.

« Continuous Manufacturing and Real-Time Release: FDA's initiative on Real-Time Release testing (RTR) ties directly to EBR
capabilities. In continuous processes, data streams from a process analytical technology (PAT) system into the EBR continuously. EBRs
of the future may integrate real-time quality assurance, where product release decisions are made algorithmically as data accrues, rather
than by post-batch QA. This requires validated analytics models and even stricter controls on system integrity.

« Regulatory Evolution: Regulators have signaled a willingness to adapt. FDA's recent Data Integrity Draft Guidance and ongoing

harmonization (e.g. PIC/S E2 in collaboration with MHRA, EMA) continue to stress similar themes. The revision of Annex 1 (sterile

65]

products) highlights the need for computerized systems as part of contamination control strategies ([ www.polyplus-sartorius.com).

Authorities may increasingly expect digital records, especially as inspection through digital audits (remote audits) becomes more common
(a trend accelerated by the pandemic).

Conclusion

Electronic Batch Records are no longer an optional productivity tool but a compliance-critical component of modern
biotech manufacturing. By structurally embedding GMP requirements — validation, audit trails, secure signatures, and
contemporaneous data capture — EBR systems ensure that each batch’s history is complete, accurate, and reviewable
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(M sgsystemsglobal.com) () sgsystemsglobal.com). This aligns perfectly with regulatory demands from FDA and EMA,
which now consider data integrity central to quality systems (gxpvigilance.com.au) (www.canada.ca).

Our review shows that in practice, EBR implementation yields substantial benefits: reduced review times, fewer errors,
and more efficient audits. These gains have been empirically demonstrated in case studies (e.g. 45% faster batch
release (I**! www.compliancequest.com)) and are echoed in market trends (rapid growth forecasts (I*°
www.futuremarketinsights.com)). The transformation also supports broader factory goals: data-driven quality control, lean

manufacturing, and workforce training.

However, successful adoption requires careful planning and investment. Companies must be prepared for extensive
validation, cross-department collaboration, and change management. The learning curve (both for the software and the
people) is reflected in the implementation times reported (often over a year) and interim dips in productivity ("
qoblex.com). Leadership commitment and a clear quality culture are essential to drive the transition.

Looking forward, EBRs are poised to integrate cutting-edge technologies — Al, IoT, blockchain — and to expand beyond
traditional pharmaceuticals into personalized medicine and advanced therapy manufacturing. In an era where regulators
scrutinize data integrity more than ever, a robust EBR is both a shield against compliance risk and a springboard for
operational excellence.

In summary: Electronic batch records embody the digital future of biotech manufacturing. They meet the stringent
requirements of GxP (cGMP, Part 11, Annex 11) by design, while unlocking greater efficiency and quality. As biotech
companies scale up complex products and move toward real-time release, EBR systems will continue to evolve,

enforcing compliance and enabling innovation in equal measure ([161 www.futuremarketinsights.com) (gxpvigilance.com.au).
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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.

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.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights
reserved.

Page 15 of
16


https://intuitionlabs.ai/contact?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=electronic-batch-records-in-biotech-gxp-software-guide.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=electronic-batch-records-in-biotech-gxp-software-guide.pdf
https://intuitionlabs.ai/articles/electronic-batch-records-biotech-gxp-guide?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=electronic-batch-records-in-biotech-gxp-software-guide.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=electronic-batch-records-in-biotech-gxp-software-guide.pdf

[P neuitiontabs  intuitionLabs - Al Software for Pharma & Biotech Electronic Batch Records in Biotech: GxP & Software Guide

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.
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