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Executive Summary
Good practice (GxP) environmental monitoring systems (EMS) are essential for ensuring product quality
and regulatory compliance in biotechnology and pharmaceutical facilities. This comprehensive report
examines the key requirements, technologies, and vendors for GxP-grade EMS solutions, with a focus on the
small biotech sector in 2026. We review the historical evolution of environmental monitoring standards, current
regulatory frameworks (FDA, EU GMP Annex 1 & 11, etc.), and data integrity principles (ALCOA+) that govern
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EMS design. Modern EMS components – including sensors (temperature, humidity, particle counts,
microorganisms), data loggers, wireless networks (e.g. Wi-Fi, LoRaWAN), and software platforms – are
analyzed in depth.

To guide vendor selection, we compare leading EMS solutions and discuss criteria such as compliance (21
CFR Part 11, GMP/GLP), scalability, connectivity, validation support, and total cost of ownership. Case studies
illustrate real-world implementations: for example, UCB Pharma’s adoption of a LoRaWAN-based EMS (using
OCEASOFT sensors and AVEVA SCADA) improved monitoring flexibility and maintenance (spgroups.ch).
Another case highlights a global pharma achieving a 50% reduction in audit preparation time after deploying a
validated EMS with electronic signatures and audit trails (www.ideabytesiot.com). FDA regulations for aseptic
processing include, as appropriate, a system for monitoring environmental conditions (eCFR).

Key findings include:

Regulation: Both FDA (21 CFR Parts 210/211, Part 11) and EU GMP (Annex 1, Annex 11) contain
environmental monitoring requirements for aseptic and sterile manufacturing. Annex 1 (2022) requires
an established and documented environmental monitoring programme, built on risk assessments, that
includes total particle monitoring (EU GMP Annex 1). Part 11 requires audit trails, electronic signatures,
and secure access in EMS software (atek.io).
Data Integrity: EMS data must follow ALCOA+ principles – Attributable, Legible, Contemporaneous,
Original/Accurate, Complete, Consistent, Enduring, and Available (www.vaisala.com). Problems like
missing audit logs or shared credentials have been cited as common compliance issues (atek.io).
Ensuring data integrity requires validated systems, robust audit trails, and strong access controls
(atek.io) (www.vaisala.com).
Technology: Modern EMS leverage IoT and wireless networks (Wi-Fi, cellular, LoRaWAN) for real-time
monitoring. For instance, a LoRaWAN-based EMS can use wireless, battery-powered sensors, with a
small number of antennas covering the site instead of numerous gateways (spgroups.ch). Software
platforms provide real-time alerts, trending, and automated reports. Scalability is crucial: solutions like
Vaisala viewLinc support thousands of monitoring points and multi-site installations from a single
server (www.vaisala.com). Cloud-based EMS platforms (e.g. ATEK Cloud) offer real-time visibility,
automated alerts, and comprehensive reporting from anywhere, which may suit small biotechs
minimizing IT overhead (atek.io).
Vendor Landscape: The EMS market is growing (~$1.78 B in 2025, CAGR ~5.7% through 2035
(www.towardshealthcare.com)), with major players including Danaher (18% share), Thermo Fisher
(16%), Vaisala, Merck KGaA, and specialized EMS firms (www.businessresearchinsights.com). Vendor
products range from all-in-one systems (sensors + software) to sensor-only solutions integrated into
third-party platforms. Key vendors/systems include Vaisala viewLinc, ATEK, Monitran, Biotrends EM,
IVTracer, and custom IoT solutions (e.g. LoRaWAN networks) (www.vaisala.com) (biotrends.ch).
SME Focus: Small biotech companies often prioritize ease of use, cost-effectiveness, and cloud-based
solutions to reduce IT burden. While large pharma may deploy enterprise EMS, small biotechs can
leverage prevalidated cloud systems with subscription models. A risk-based approach (per Annex 1 and
ICH Q9) helps scale monitoring to critical areas. Outsourced EMS services or modular plug-and-play
systems can also suit smaller firms.
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In summary, selecting the right GxP EMS involves balancing regulatory compliance, technical capability, and
cost. This report provides data-driven analysis, real-world examples, and practical guidance to help small
biotech organizations choose and implement an EMS that maintains product quality, ensures audit readiness,
and supports future growth.

Introduction
Environmental monitoring refers to the continuous or periodic measurement and recording of manufacturing
and laboratory conditions such as temperature, humidity, pressure differentials, and airborne particulates or
microbes. In biotech and pharmaceutical manufacturing, maintaining controlled environments is critical:
deviations can compromise product quality, lead to contamination, and ultimately endanger patients. GxP
guidelines include GMP, GLP, and others. GMP requirements for sterile and aseptic manufacturing call for
environmental monitoring to help ensure that drugs and biologics are produced consistently and safely (eCFR)
(EU GMP Annex 1).

Background and Scope
Good Manufacturing Practice (GMP) and related GxP regulations provide a framework for quality systems in
life sciences. EMS are explicitly required by these regulations for manufacturing of sterile products, biologics,
and pharmaceuticals. For example, FDA 21 CFR 211.42(c)(10) requires, for aseptic processing, “A system for
monitoring environmental conditions” (eCFR). In the EU, the revised GMP Annex 1 (2022) for sterile products
includes detailed EM requirements, calling for a documented, risk-based monitoring programme and defined
particle limits in classified areas (EU GMP Annex 1).Similarly, 21 CFR Part 11 (electronic records) applies to
EMS data: automated EMS must generate trustworthy, tamper-evident records with audit trails (atek.io).

Over the past decades, EMS have evolved from simple temperature probes and paper charts to sophisticated
IoT-based networks with real-time alerting and analytics. Early EMS often involved manual chart recorders;
modern systems use digital sensors and centralized databases. This evolution has been driven by tighter
regulatory expectations (ALCOA+ data integrity), technological advances (wireless sensors, cloud computing),
and the high value of biologic products.

Small biotech companies face unique challenges. Often operating with limited budgets and headcount, they
still must meet the same GxP requirements as large firms. They may use a mix of research labs (GLP or non-
regulated R&D) and small-scale GMP facilities. This report focuses on EMS considerations for small biotechs
entering or expanding into regulated production. We compare vendor offerings, analyze compliance needs,
and provide guidance on selecting an EMS that fits smaller-scale operations while ensuring data integrity and
audit readiness.

Historical Context
Historically, environmental monitoring in pharma began with manual sampling (settle plates, swabs, air
samplers) guided by early GMP expectations. Over time, as cleanroom standards formalized (e.g. ISO
cleanroom classifications from federal Std 209–E), continuous monitoring devices emerged. By the 1990s and
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2000s, digital data loggers and computerized EMS allowed 21 CFR Part 11 compliance. The last decade has
seen rapid growth of wireless and cloud technologies in EMS (spgroups.ch).

Regulatory guidance has similarly evolved. 21 CFR Part 11 sets out the criteria under which FDA considers
electronic records and electronic signatures trustworthy, reliable and generally equivalent to paper records and
handwritten signatures (eCFR). EU GMP Annex 11 (revision 1, with a deadline for coming into operation of 30
June 2011) specifically covers computerized systems. The newest Annex 1 (2022) requires the site’s
environmental and process monitoring programme to form part of the overall contamination control strategy
(EU GMP Annex 1). In parallel, global harmonization efforts (WHO, PIC/S) stress data integrity across all
operations.

Thus, by 2026, adopting an appropriately validated EMS is no longer optional but an integral aspect of any
GxP-compliant biotech operation. This report synthesizes regulatory requirements, key technologies, market
insights, and selection criteria to assist small biotech firms in building and maintaining effective EMS.

Regulatory and Quality Requirements
Ensuring compliance is paramount for any GxP EMS. This section outlines the key regulatory standards and
quality expectations that drive EMS design and use.

FDA Regulations (U.S.)
Under U.S. law, environmental monitoring falls primarily under 21 CFR Parts 210/211 (cGMP for drugs);
device manufacturers are covered by 21 CFR Part 820 (the Quality Management System Regulation, QMSR,
which replaced the former Quality System Regulation). Specific clauses include:

21 CFR 211.42(c)(10): For aseptic processing, the facility design must include, as appropriate, “A
system for monitoring environmental conditions” (eCFR).
21 CFR 211.188: Requires batch production and control records, including documentation of significant
manufacturing steps and in-process and laboratory control results (eCFR).
21 CFR 210.1 and 820.1: Define the scope of drug cGMP and of the device QMSR respectively (eCFR).

Crucially, 21 CFR Part 11 (Electronic Records and Signatures) applies to computerized EMS. Part 11 defines
when electronic records are considered trustworthy (atek.io). Key requirements include:

Audit Trails: All changes to data must be logged with date, time, and user (atek.io).
Access Controls: Role-based security to prevent unauthorized access (atek.io).
Electronic Signatures: Must be unique to user and linked to records (atek.io).
System validation procedures.

Practical guidance: Part 11 and data-integrity expectations apply to computerized EMS, so audit trails and
validation documentation should be in place before go-live. As one ATEK blog notes, common Part 11
compliance failures include missing/altered records or shared logins (atek.io).
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To comply, EMS vendors provide features such as tamper-evident audit logs, electronic signature options, and
guidance on IQ/OQ/PQ validation (atek.io). Small biotechs must ensure the chosen EMS can be fully validated
(with documented installation/operational qualifications) and that SOPs address data integrity.

EU GMP and Other International Standards
In Europe and many other jurisdictions, EU GMP Annex 1 (Sterile Products) and Annex 11 (Computerised
Systems) govern EMS. Key points:

Annex 1 (2022) emphasizes a “Contamination Control Strategy” (CCS) and continuous monitoring. It
explicitly states: “A total particle monitoring program should be established to obtain data for assessing
potential contamination risks” (EU GMP Annex 1, para. 9.14). Additionally, it requires setting alert/action
limits and investigating alarms. Air and personnel should also be monitored for microbial contamination
in critical zones.
Annex 1’s Table for particle limits (Grade A/B/C… ISO Class 5/7/8) specifies maximum counts per cubic
meter (EU GMP Annex 1, Table 5). (For example, Grade A at rest: ≤3 520 particles ≥0.5µm/m³ (same
table)).
Annex 11 (revision 1, in operation from 30 June 2011) has comparable aims to 21 CFR Part 11,
applying to GMP computerized systems. It covers validation, audit trail, security, disaster recovery, and
resource management. Annex 11 requires that the extent of validation and data integrity controls be
based on a justified and documented risk assessment (EU GMP Annex 11); industry guidance such as
GAMP 5 is often used to put this into practice.

Other references include WHO and PIC/S guides, which align closely with FDA/EU. For example, WHO’s GMP
Annex on sterile products largely echoes EU requirements. Additionally, ISO 14644 standards on cleanroom
classifications are often referenced for particle monitoring.

EMS data can also support the review of deviations and trends as part of quality risk management. FDA's 2011
Process Validation: General Principles and Practices guidance and ICH Q9/Q10 are relevant context for using
monitoring data in continuous improvement.

Data Integrity (ALCOA+): A core regulatory theme is data integrity. Agencies (FDA/EMA/MHRA) stress
ALCOA+ principles: data must be Attributable, Legible, Contemporaneous, Original, Accurate (ALCOA) and
Complete, Consistent, Enduring, Available (the “+”) (www.vaisala.com). A recent application note from Vaisala
reiterates this, noting generically that data integrity failures are considered quality system failures, not just tech
issues (www.vaisala.com). Hence, a compliant EMS must provide unalterable electronic records and oversight
processes (e.g. periodic audit-trail review, user accountability) to meet these principles.

Implications: Regulatory scrutiny means any vendor solution must be validated and secure, and operators
must have SOPs for monitoring, data review, alarm response, calibration, and trending. Small biotechs should
plan to document their EMS program comprehensively, as inspectors treat environmental monitoring data as
critical quality records.
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Environmental Monitoring Systems: Core
Components
An EMS typically comprises hardware (sensors and loggers) and software (data collection, visualization,
alarms). Systems vary from simple standalone devices to fully integrated IoT platforms. This section examines
key EMS components and capabilities.

Sensors and Measurement Parameters
Common environmental parameters and corresponding sensors include:

Temperature: Monitored in corridors, storage, incubators, freezers. Sensors must cover expected range
(e.g. -80°C in ultra-freezers, or 2–30°C in production areas).
Relative Humidity (RH): Critical for stability. Hygrometers often integrated with temp sensors.
Differential Pressure (DP): To verify unidirectional airflow in cleanrooms (e.g. positive pressure zones).
Pressure transducers (by Pa or inch H2O).
Airborne Particulates: Non-viable particle counters (optical particle counters) measure counts of
≥0.5µm and ≥5.0µm particles. Count levels help verify compliance to the GMP grade limits (EU GMP
Annex 1).
Carbon Dioxide/Oxygen: In some scenarios (bioreactors, plant crops, cold storage), CO₂ or O₂ levels
may be monitored.
Door Sensors/Status: Indicate door openings in controlled zones (often integrated as digital inputs).
Liquid Sensors: Leak detectors in ceiling/walls to detect plumbing/fire system failures.
Microbial (Viable) Monitoring: Although often manual (settle plates, swabs, air samplers), some EMS
integrate results of microbiological counts. There are also automated microbial air samplers, but these
typically remain separate.

Vendors supply specialized probes/loggers for each type. For example, Vaisala’s viewLinc system supports
probes for temperature, RH, CO₂, differential pressure, liquid level, etc (www.vaisala.com). Scigiene and
Climet supply wireless sensors specialized for cleanroom use.

Sensor Technologies

Sensors can be wired or wireless. Wired sensors (analog or digital) connect via cables to data loggers or
PLCs. They offer reliability and no battery concerns but require installation effort. Wireless sensors (Wi-Fi,
Bluetooth, Zigbee, LoRaWAN, proprietary RF) simplify deployment. For example:

Wi-Fi/Bluetooth: Common for small setups; range limited to building Wi-Fi.
LoRaWAN: LPWAN technology, very long-range, low-power (the UCB deployment uses wireless,
battery-powered sensors). Used in large campuses (e.g. UCB Pharma’s solution (spgroups.ch)).
LoRaWAN requires gateways and network planning, but covers many sensors with minimal
infrastructure.
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Battery-powered tags: Many vendors (OCEASOFT, TempGenius, etc.) offer battery sensors that
transmit via these networks.

Reliability: In GxP, sensors require periodic calibration/verification. Some wireless sensors include self-
calibration or easily swappable sensor heads so calibration can be done offline (spgroups.ch).

Data Acquisition Hardware
Collected data must reach a central system. Methods include:

Data Loggers/Controllers: Devices (e.g. Electronic Temperature Data Loggers or PLCs) that physically
connect to sensors, and transmit readings to software. They may buffer data if network is down.
Gateways: In wireless networks, gateways aggregate sensor signals (e.g. LoRaWAN gateways). For
example, Galium IoT Hub was chosen to manage LoRaWAN in the UCB case (spgroups.ch).
SCADA/DCS Integration: Some EMS integrate into existing control systems (PLC/SCADA). The UCB
case combined LoRaWAN sensors with an AVEVA SCADA for visualization (spgroups.ch).
Cloud Gateways: IoT cloud platforms (AWS, Azure, proprietary) can also ingest sensor data directly via
internet.

Systems must consider power (wired sensors use mains or PoE, wireless use battery) and redundancy. EM
events (e.g. comms outage) should be alarmed (fail-safe).

EMS Software and Data Management
The EMS software is the “brain” of the system, responsible for:

Data Collection: Polling or receiving sensor data. At minimum, polling intervals are often minutes; some
systems offer seconds-level real-time.
Database/Archival: Secure storage of all readings and audit trails. Modern EMS use both local servers
and cloud servers. Data retention must meet regulations (e.g. records kept for product life + 1 year).
Visualization/Dashboard: Graphical trends, status of all monitored points, customizable views by
room/zone.
Alarming & Notifications: Configurable alert thresholds (e.g. temperature >5°C for >10min triggers
alarm). Multi-channel alerts (email, SMS, phone, lights). Alarm acknowledgments should be logged.
Reporting: Automated generation of daily/weekly/monthly reports, calibration reminders, deviation
reports. Customizable to include regulatory info.
Audit Trails: Comprehensive logging of user actions, data edits, system events, as mandated by
21CFR11.
User Management: Role-based access (Administrator, QC viewer, etc), often with password complexity
and session timeouts. Some systems allow integration with AD/LDAP.
Integration: Ability to integrate with LIMS (Laboratory Information Management Systems), Facility
Management Systems, or ERP. For example, triggering a CAPA in QMS when an excursion occurs.
Validation Support: Provision of documentation for IQ/OQ/PQ, template protocols, examples of SOPs.
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Vendors differentiate on software capabilities. Vaisala’s viewLinc, for example, advertises low cost of
ownership and scalability (www.vaisala.com). Usability (e.g. multi-tenant support for CROs or contract labs) is
also a factor.

Cloud-Based vs On-Premise
Cloud EMS platforms have grown, especially appealing to small firms. Advantages include minimal IT setup,
automatic updates, and global access. For instance, ATEK’s Cloud Platform offers “real-time visibility,
automated alerts, and comprehensive reporting from anywhere” (atek.io). However, pharma companies must
assess data security: cloud systems must comply with GDPR/HIPAA (if relevant) and assure encrypted data
transmission/storage.

On-premise systems (locally hosted servers) can offer tighter control and might be preferred by companies in
highly regulated sectors or with stringent data policies. They require local IT support but can avoid latency and
reliance on internet connectivity for critical alerts. Many vendors support both modes or hybrid (database on
cloud, with local redundancy).

System Validation and Quality Controls
Once an EMS is selected, it must be qualified to demonstrate fitness for purpose. Standard validation
documentation includes:

User Requirements Specification (URS): What the user expects (e.g. measure temp ±0.5°C, 15 min
poll, alarm paths).
Functional Requirements Specification (FRS): How the system will meet URS (e.g. data encryption,
report templates).
Installation Qualification (IQ): Verifying correct installation of sensors, network, software (e.g. correct
cable routing, power).
Operational Qualification (OQ): Testing system functionality (e.g. simulate sensor input and verify
alarms, test audit trail logging).
Performance Qualification (PQ): Demonstrating the system performs reliably under real conditions
(e.g. 3-month endurance run, data integrity checks).
Periodic Re-Validation: If firmware updates or changes occur. Periodic spot checks.

Systems should comply with GAMP 5 guidelines for computerized systems. Best practice is risk-based
documentation, focusing major effort on critical functions (alarm actions, signatures) and less on trivial ones.
Vendors often supply “validation kits” with DOEs and scripts.

Pharmaceutical manufacturers also integrate EMS validation into their Quality Management System (QMS).
For example, change control procedures cover updates, and CAPA may be linked to any trends that indicate
control issues.
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Selecting an EMS: Criteria and Vendors
Selecting the right EMS is a key decision. Vendors and products vary widely in capability and cost. Below are
selection factors and a survey of prominent solutions.

Selection Criteria
1. Regulatory Compliance: System must be 21 CFR Part 11 compliant (audit trails, e-signature), and

support Annex 11/GMP requirements. Ask vendors for compliance documentation and validation guides.
2. Measures Supported: Ensure needed parameters (e.g. particle counts, freeze alarm) are supported. If

microbial data management is needed (rare in EMS, but may store lab QC data), check functionality.
3. Scalability: Will the system cover future growth? Can it handle additional sensors or extra facilities?

Some platforms (e.g. viewLinc) scale to thousands of points (www.vaisala.com).
4. Connectivity/Infrastructure: Does the site have suitable network (Wi-Fi, LoRa, etc)? Small labs might

prefer plug-and-play Wi-Fi sensors; large sites might invest in LoRaWAN for wide coverage
(spgroups.ch).

5. Deployment Mode: Cloud vs On-Prem. Small biotechs often favor cloud/SaaS to reduce upfront IT
cost, provided uptime and data security assurances. Others may insist on on-prem for sensitive data.

6. Validation/Docs: Availability of IQ/OQ protocols, user manuals, SOP templates. Strong customer
training and support is critical, especially for less-experienced teams.

7. Cost: Beyond purchase price, consider maintenance contracts (e.g. calibration service, battery
replacement), sensor lifetime, and required infrastructure (servers, repeaters).

8. Vendor Support & Reputation: Established vendors with life sciences experience (e.g. Vaisala,
Thermo, ATEK) offer mature solutions. Niche or startup vendors (e.g. Biotrends, XiltriX) may be
competitive but vet their track record.

9. User Interface and Alerting: Intuitive dashboards, mobile alerts, multi-language support, and whether
users can easily export data.

10. Integration and APIs: If other systems (LIMS, QMS) exist, check for APIs or standard interfaces.

Next, we profile several top EMS providers relevant to small biotech:

Vendor Survey

Vendor/Product Key Features Deploy
ment

Regulatory Notes

Vaisala viewLinc Continuous monitoring of T, RH, CO₂, differential
pressure, etc.; scalable to ~1000s sensors
(www.vaisala.com). Multi-site support, on-
prem/local server or cloud.

Client-
server
(on-
prem) or
SaaS

Vendor markets compliance-oriented
features and offers ALCOA+ whitepapers;
Part 11 suitability must be confirmed through
the user's own validation (www.vaisala.com).
Broad pharma adoption.
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Vendor/Product Key Features Deploy
ment

Regulatory Notes

ATEK
Grid/Sense/Cloud

Platforms the vendor positions for Part 11 use (the
FDA does not certify software as Part 11
compliant); wireless and wired sensors; integrated
alarms, dashboards. Cloud platform (ATEK Cloud)
offers anywhere access.

Cloud-
based or
hybrid

Specifically targets pharma/GxP; supported
by compliance guides (e.g. Part 11 guide
(atek.io)).

Biotrends EM® Described by the vendor as GMP environmental
monitoring software, with a focus on
microbiological plating data tracking as well.

On-
premise
software

Vendor markets it as GMP environmental
monitoring software; confirm Part 11
capabilities with the vendor. Good for labs;
supports metadata on cultures (biotrends.ch).

XiltriX Monitoring
& Technical
Support

Vendor-described Monitoring-as-a-Service
offering; the vendor states the system operates
24/7.

Manage
d
service

Check scope, validation documentation and
GxP suitability directly with the vendor.

Custom IoT
Solutions

Tailored networks (e.g. LoRaWAN like UCB
example (spgroups.ch), or BLE networks).
Integrate off-the-shelf sensors.

Highly
customi
zed
(often
cloud)

Flexibility and modern tech (mesh networks);
ensure third-party component validation.

Notes: The above illustrates the diversity of EMS solutions. Vaisala and ATEK are full-featured commercial
leaders; Biotrends caters to lab-centric or European markets. Custom LoRaWAN networks (using products
such as OCEASOFT sensors and AVEVA SCADA, as in the SP Groups project (spgroups.ch)) are an
alternative approach but require in-house expertise or system integrator.

When comparing, use case matters: a biotech manufacturing sterile products under Annex 1 needs a
documented, risk-based environmental monitoring programme, and its EMS should be chosen to support that
programme; Annex 1 does not prescribe a particular product class. A lab sending out test kits may make do
with cheaper Bluetooth loggers and spreadsheets.

Example: Comparing Systems

Parameter Vaisala viewLinc
(www.vaisala.com)

ATEK Cloud Platform BioTrends EM®
(biotrends.ch)

Custom LoRa WAN (UCB
case) (spgroups.ch)

Monitoring
Parameters

T, RH, CO₂, DP, door,
level (www.vaisala.com)

T, RH, pressure etc. (via
sensors)

Supports physical and
microbial data

T, RH, ΔP, CO₂ (configure
LoRa sensors)
(spgroups.ch)

Network Wired & wireless, PoE
support

Wireless/IP (cloud) Software-only (requires
data feed)

LoRaWAN (long-range
wireless) (spgroups.ch)

User Interface Desktop/Web
dashboards, alarms

Web interface/mobile Web-based analytics
dashboard

SCADA/HMI (AVEVA) +
web dashboard
(spgroups.ch)
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https://atek.io/en/blog/fda-21-cfr-part-11-compliance-guide/#:~:text=FDA%2021%20CFR%20Part%2011,with%20Part%2011%20is%20essential
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https://www.vaisala.com/en/products/software/viewlinc#:~:text=The%20viewLinc%20Enterprise%20Server%20software,off%20a%20single%20server%20location
https://spgroups.ch/en/business-case/pharma-sector/lorawan-iot-platform/#:~:text=We%20replaced%20the%20existing%20system,The%20IoT%20sensors%20particularly%20measure
https://spgroups.ch/en/business-case/pharma-sector/lorawan-iot-platform/#:~:text=We%20replaced%20the%20existing%20system,The%20IoT%20sensors%20particularly%20measure
https://spgroups.ch/en/business-case/pharma-sector/lorawan-iot-platform/#:~:text=An%20AVEVA%20System%20Platform%20SCADA,environmental%20conditions%20of%20different%20zones


Parameter Vaisala viewLinc
(www.vaisala.com)

ATEK Cloud Platform BioTrends EM®
(biotrends.ch)

Custom LoRa WAN (UCB
case) (spgroups.ch)

Compliance
Features

Vendor-stated audit trail
and validation
documentation (confirm
with vendor)

Vendor-stated Part 11
features such as
electronic signatures
(confirm with vendor)

Described by the vendor
as GMP environmental
monitoring software
(biotrends.ch)

Depends on SCADA
(AVEVA) and central
software for logging/alarm;
needs validation

Deployment &
Cost

SERVER (large
CAPEX), or SaaS
option

Cloud SaaS (subscription) On-premises license Infrastructure & custom
development costs

Scalability Up to thousands of
sensors (enterprise)

Very scalable (cloud) Suited to lab to mid-scale Requires planning: >100
sensors implemented for
UCB

All data in the above comparison is drawn from vendor information (www.vaisala.com) (spgroups.ch)
(biotrends.ch) or the cited case study (spgroups.ch). This illustrates trade-offs: viewLinc delivers enterprise-
scale monitoring but at higher cost; ATEK Cloud emphasizes ease of use; Biotrends is niche for lab operations;
custom LoRaWAN offers flexibility but needs integration effort.

Data Analysis and Evidence
Market Trends
Industry reports indicate sustained growth in the pharmaceutical/biotech EMS market. One forecast estimates
global market size rising from $1.78 billion (2025) to $3.11 billion by 2035, at ~5.7% CAGR
(www.towardshealthcare.com). Factors fueling this include the surge in biologics manufacturing and tightening
regulations. An industry write-up notes that “advancements in biologics and advanced therapies” and “growing
stringent regulations” are key drivers (www.towardshealthcare.com).

According to a market-research vendor report whose figures are unaudited, approximately 45% of companies
in its Middle East & Africa segment are transitioning toward automated monitoring solutions to improve
compliance efficiency (www.businessresearchinsights.com). In the same segment, the report says nearly 50%
of biotech firms are investing in environmental monitoring infrastructure to support production expansion
(www.businessresearchinsights.com). Another report finds that 72% of companies plan to upgrade their
EMS within 3 years, and 80% of facilities will adopt real-time monitoring systems
(www.businessresearchinsights.com). These statistics reflect that staying current with EMS technology is
becoming industry standard.

Major EMS market players reflect the pharma-biotech dominance: Danaher (with brands like Beckman
Coulter), Thermo Fisher, Merck KGaA (MilliporeSigma/VWR), Eurofins, bioMérieux, Vaisala, and sensor
specialists like Amphenol have significant shares (www.businessresearchinsights.com). Notably, Danaher and
Thermo Fisher together account for ~34% of the market (www.businessresearchinsights.com).
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https://www.businessresearchinsights.com/market-reports/pharmaceutical-biotechnology-environmental-monitoring-market-101177#:~:text=,Vaisala
https://www.businessresearchinsights.com/market-reports/pharmaceutical-biotechnology-environmental-monitoring-market-101177#:~:text=,focused%20on%20environmental%20monitoring%20solutions


Regulatory Impact
FDA regulations identify environmental monitoring in aseptic processing areas as a CGMP requirement. Under
21 CFR 211.42(c)(10), the facility for aseptic processing includes, as appropriate, a system for monitoring
environmental conditions (eCFR).

Case Studies and Implementations
UCB Pharma: Implemented a LoRaWAN-based IoT EMS to replace an aging wired system
(spgroups.ch). They deployed OCEASOFT wireless sensors (temp, RH, ΔP, CO₂) communicating via
LoRaWAN, managed by Galium IoT Hub and integrated with AVEVA SCADA (spgroups.ch). The
modular, wireless solution greatly simplified maintenance: sensors could be inserted or relocated without
cabling, and calibration was done off-line by swapping fully-calibrated probes (spgroups.ch).
Global Pharma Company: As shared by IoT vendor Ideabytes, a global manufacturer operating across
10 countries upgraded to a unified EMS. Post-implementation metrics showed 50% reduction in audit
preparation time, 99.9% system uptime, and 80% reduction in manual work
(www.ideabytesiot.com). The vendor states the solution was a validated monitoring solution with
electronic signatures, audit trails and automated compliance documentation; these metrics are vendor-
reported and not independently verified (www.ideabytesiot.com).
Start-up Biotech: While detailed public cases are scarce, small biotechs often partner with specialized
vendors or CROs. For example, a small vaccine developer might use a qualified third-party temperature
monitoring service (data loggers plus cloud reporting) to meet cGMP without in-house EMS. There are
reports that 55% of biotech firms are investing in automation, indicating even smaller companies
increasingly automate their EMS (www.businessresearchinsights.com).

A stated purpose of an environmental monitoring programme is to detect excursions from environmental limits
so they can be investigated and assessed for risk to product quality (EU GMP Annex 1, para. 9.4).

Expert Opinions
Industry experts stress some recurrent themes:

Risk-based EM: Recognize that different processes have different monitoring needs. Annex 1 and FDA
encourage focusing resources on critical stages/processes. This means "smarter" EMS with
configurable risk levels.
Data Analytics: Leading sites use statistical trend analysis for early detection of drift (e.g. slight temp
creep) rather than relying solely on alarms. Future EMS incorporate AI/ML for predictive alerts (e.g.
flagging patterns that presage failure).
Integration with QMS: EMS signals are now often inputs to Quality by Design and continuous
improvement. For instance, data from EMS may trigger formal CAPAs if out-of-trend.
Cost-Benefit: Analysts note that although initial EMS expenditures can be significant, they are often
offset by avoiding product loss and audit findings. This is the article's own reasoning rather than a
sourced figure; for market context, one forecast puts growth at about 5.7% CAGR
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(www.towardshealthcare.com).

Most importantly, an EMS is not just a tech feature but part of the GMP system: it should be chosen and
implemented as part of the overall quality system, with defined processes for action and documentation.

Case Studies and Real-world Examples
Illustrative case studies demonstrate applications of modern EMS and the regulatory context for environmental
monitoring.

UCB Pharma – LoRaWAN IoT Transformation
Background: UCB Pharma needed to modernize its EMS. The existing system managed temperature,
humidity, and pressure but faced technical issues and upgrades were cumbersome. They sought a more
reliable, agile solution.

Solution: In partnership with SP Groups, UCB implemented a hybrid PLC/IoT system using LoRaWAN (low-
power, wide-area wireless). The system employs OCEASOFT LoRaWAN sensors for temperature, RH, and
delta-pressure, plus CO₂ monitoring (spgroups.ch). A Galium IoT Hub serves as the LoRaWAN gateway. Data
is fed into an AVEVA System Platform SCADA, which provides HMI dashboards and automatically generates
detailed reports (spgroups.ch). The network architecture covers their entire facility with only two antennas,
eliminating dozens of gateways used previously (spgroups.ch).

Implementation: They followed a structured project approach: conducting a PoC (Proof-of-Concept) audit,
deriving URS, detailed system specification, FAT (Factory Acceptance Tests), then site installation and SAT
(Site Acceptance Tests) (spgroups.ch).

Outcomes: The modular, wireless setup greatly simplified maintenance and expansion. As the integrators
explicated: “Unlike in the past, when you had to pull a cable... it is now very easy to install a wireless, battery-
powered sensor” (spgroups.ch). The solution is agile: sensors can be relocated or swapped easily, and no
complex wiring is needed for new points. The instrumentation manager noted that sensors can be replaced
with pre-calibrated units on a bench rather than tuning on-site (spgroups.ch).

This case exemplifies how IoT can serve even regulated GMP contexts: adopting LoRaWAN (not common in
pharma until recently) provided long-range, interference-robust communication suitable for large plants. The
integrator's case study describes the system architecture; whether any such system meets GMP and 21 CFR
Part 11 expectations depends on the operating company's own validation, procedures and inspection history.

Global Pharma – Standardizing Across Sites
A large Fortune 500 pharmaceutical company modernized its monitoring across 12 sites with thousands of
monitoring points. Pre-implementation, each site had disparate legacy systems. The challenge was
maintaining unified compliance (FDA Part 11) globally.
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Solution: They implemented a unified validated monitoring platform with centralized management. Key
features included electronic signatures, full audit trails, automated reports, and standardized procedures. The
IoT solution wrapped sensors, network, and EMS software into an integrated offering.

Results (per Ideabytes case study (www.ideabytesiot.com)):

Audit Readiness: Audit time was cut in half (50% time saved preparing for FDA audits)
(www.ideabytesiot.com). Automated documentation and consistent data made inspections smoother.
Operational Uptime: The system achieved 99.9% uptime (www.ideabytesiot.com), critical for
maintaining control.
Efficiency: Manual data collection/handling dropped by ~80%, freeing QA staff for higher-value tasks
(www.ideabytesiot.com).
Connectivity: All 12 sites were networked under the same platform, enforcing uniform standards across
geographies (www.ideabytesiot.com).

This case highlights the value of a single EMS solution that can be extended multi-site. Although a large
pharma, the lesson for small biotechs is that even with fewer sites, starting with a scalable EMS avoids future
fragmentation as the company grows.

FDA Environmental Monitoring Requirement
Under 21 CFR 211.42(c)(10), aseptic processing is to include, as appropriate, a system for monitoring
environmental conditions (eCFR).

For small biotechs operating aseptic processing areas, the relevant regulatory context is the requirement for a
system for monitoring environmental conditions under 21 CFR 211.42(c)(10) (eCFR).

Lesson: For aseptic processing areas, 21 CFR 211.42(c)(10) calls for a system for monitoring environmental
conditions (eCFR).

Small Biotech Example – Cloud-Based Monitoring
Consider a hypothetical small biotech with a single cleanroom and several cold-chain storage units. Rather
than investing in an entire on-site EMS server, they might adopt a cloud-based monitoring service. For
example, SaaS platforms now sell packages including calibrated wireless sensors (Wi-Fi) and cloud
dashboards.

Scenario: Suppose the company uses 10 Wi-Fi data loggers (temp/RH) from a vendor that provides a mobile
app and web portal. Each sensor posts data every 5 minutes to the vendor’s cloud. The platform flags
excursions (e.g. fridge >8°C) via SMS. Batch-associated records must be retained for at least 1 year after the
batch expiration date under 21 CFR 211.180(a); company policy or other regulations may require longer.

This arrangement can meet GxP criteria. The company must still maintain SOPs, and the cloud vendor must
ensure encryption and audit logs. The regulated company remains responsible for supplier assessment,
validation and SOPs; a vendor contract or attestation does not replace them. Importantly, costs are mostly
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subscription-based, and internal staff need not manage servers. Such models can reduce capital expenses for
startups and smaller labs, although validation and quality-system effort remain.

Discussion and Future Directions
Environmental monitoring is evolving rapidly under technological innovation and regulatory pressure.

Emerging Technologies
Advanced Analytics & AI: Future EMS may embed machine learning to identify hidden patterns.
Predictive alerts could warn before excursions (e.g. forecasting a decrease in freezer performance). AI-
driven anomaly detection will likely become a selling point.
Cloud & Edge Computing: The push to the cloud will continue, but with hybrid strategies. Edge
devices (gateways/smart sensors) can locally filter and preprocess data before sending to cloud,
reducing bandwidth needs. Edge analytics could issue local alarms even if internet is down.
IoT Expansion (LoRa, 5G): Adoption of alternative wireless (LoRaWAN, NB-IoT, 5G) is increasing.
These allow larger coverage (LoRa) or high reliability (5G, especially for campus networks). As 5G
campus solutions mature, we may see ultra-low-latency monitoring for critical zones.
Blockchain for Audit Trails: Though not widely implemented yet, blockchain has been proposed to
further harden audit trails. Immutable ledgers could supplement traditional logs for EMS data.
Internet of Medical Things (IoMT): Integration between biomedical devices and EMS (e.g. incubators
reporting internal data into EMS, or direct coupling with building HVAC controls) may blur lines between
process monitoring and facility monitoring.
Regulatory Trends: Guidelines will increasingly incorporate risk-based monitoring (Annex 1 already
does). Digital health trends (e.g. digitized trial data) may push similar expectations in manufacturing. We
anticipate a push for harmonized global standards on data integrity.

Challenges and Considerations
Cybersecurity: More connectivity means more attack surface. EMS networks must be secured (VPNs,
firewalls, encrypted radio). Any intrusion could raise alarms or, worse, falsify data. The biotech should
ensure IT policies cover EMS.
Data Deluge: High-frequency monitoring creates vast datasets. Companies will need robust data
management, possibly requiring data scientists to contextualize trends.
Calibration and Maintenance: Small firms may struggle to keep up scheduled calibrations. Remote
calibration services or self-verifying sensors help, but there is still manual effort.
Vendor Lock-in: Reliance on proprietary systems can make future changes costly. Adoption of open
standards (MQTT, OPC-UA) is a positive trend to allow interoperability. When selecting a vendor,
consider how easy it is to migrate to a new system.
Validation Burden: For niche or cloud solutions, ensure adequate validation support. An emerging
worry is “who validates the cloud?” under Part 11. Collect clear evidence from vendors on their
validation processes and audit them as needed.
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Strategic Implications
For small biotech businesses, EMS selection is not just about compliance but also strategic agility. A modern
EMS can accelerate drug development by:

Enabling remote monitoring (especially timely post-COVID, when many facilities adopted remote audits).
Facilitating lab expansion (plug-and-play for new areas).
Supporting data-driven quality (feeding EMS data into QbD models).
Reducing headcount: Automated logging means fewer manual rounds, allowing small teams to manage
larger operations.

Conversely, choosing a poor system can hinder growth. If initial EMS is too rudimentary, upgrading later under
time pressure (e.g. before a major audit) can be disruptive. Early planning and investment (scaled
appropriately) is advisable.

Market Outlook (2026): As biologics and personalized medicines gain ground, environmental monitoring
demands will increase. The trend is clearly toward continuous, automated, and connected monitoring. By
2026, we expect:

Broad adoption of smartphone-based EMS apps, so managers can check status on the go.
Integration of EMS with Quality and Manufacturing Execution Systems (MES).
Greater scrutiny by regulators on EMS data during inspections (expect 483 observations related to
data integrity).
Growth in specialized services (outsourced EMS as a service for small labs that can’t maintain internal
systems).

Conclusion
For small biotech companies, selecting and implementing a GxP-compliant environmental monitoring system
(EMS) is a critical decision that impacts product quality, regulatory compliance, and operational efficiency. This
report has exhaustively reviewed the landscape of EMS in 2026:

We provided background on why EMS are mandated under GxP, showing that both FDA and
international guidelines demand robust monitoring of manufacturing environments (eCFR) (EU GMP
Annex 1).
We detailed the technological components (sensors, networks, software) that modern EMS comprise,
from basic data loggers to advanced IoT platforms (www.vaisala.com) (spgroups.ch).
We examined the regulatory requirements, highlighting the necessity of Part 11 compliance and
ALCOA+ data integrity in EMS (atek.io).
We compared major vendors and solutions, outlining features, deployment options, and suitability.
Market data shows strong growth (CAGR ~5.7% through 2035 (www.towardshealthcare.com)) and wide
adoption of automated systems in biotech (www.businessresearchinsights.com).
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We presented data and case analyses demonstrating real-world outcomes: how a LoRaWAN-based
EMS improved monitoring for UCB Pharma (spgroups.ch), and how unified EMS deployment yielded
dramatic efficiency gains in a global pharma (www.ideabytesiot.com). Under 21 CFR 211.42(c)(10),
aseptic processing is to include, as appropriate, a system for monitoring environmental conditions
(eCFR).
Finally, we discussed future directions, noting trends toward cloud, AI, and risk-based monitoring, as
well as challenges in security and data management.

Recommendations for Small Biotech:

Start with a thorough risk assessment per ICH Q9 to define monitoring needs. Even at small scale,
classify critical zones (e.g. injectable production, freezers for cell therapy).
Choose a compliance-ready solution: Cloud SaaS platforms of proven providers can accelerate
deployment. Ensure the system has Part 11 features (audit trails, e-signatures) before purchase.
Plan validation early: Budget time and resources for IQ/OQ/PQ as part of implementation. Use vendor
documentation to ease this process.
Integrate with quality programs: Align EMS alerts and reports with your quality systems – e.g.
configure automatic CAPA triggers or periodic review meetings for EMS data trends.
Monitor continuously: Move away from “once-per-shift pen charts” to 24/7 monitoring. The 2022
Annex 1 trend is clearly toward continuous logging and automated alarms.
Stay up-to-date: Regulators will expect modern monitoring. Be prepared for audits by referencing
updated standards (Annex 1, MHRA guidance, etc.) and by keeping documentation (the rationale,
validation, procedures) current.

In conclusion, a robust environmental monitoring program is not merely a regulatory checkbox but a backbone
of quality assurance in biotech production. By understanding both the regulatory mandates and technological
options (as detailed in this guide), small biotech firms can select EMS vendors wisely and develop monitoring
programs that protect patients and support business growth.

Sources cited in this report include vendor materials and commercial market reports whose figures are
unaudited; verify regulatory requirements against the primary texts (www.towardshealthcare.com) (eCFR)
(spgroups.ch) (www.ideabytesiot.com) (www.vaisala.com).

Source links
Links cited in this article, in order of first appearance. Full addresses are provided for readers using extracted text.

1. https://spgroups.ch/en/business-case/pharma-sector/lorawan-iot-platform

2. https://www.ideabytesiot.com/resources/case-studies/global-pharma-company-streamlines-fda-compliance

3. https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-C/section-211.42

4. https://health.ec.europa.eu/system/files/2022-08/20220825_gmp-an1_en_0.pdf

5. https://atek.io/en/blog/fda-21-cfr-part-11-compliance-guide

6. https://www.vaisala.com/en/gxp-environmental-monitoring-systems-for-data-integrity

7. https://www.vaisala.com/en/products/software/viewlinc
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8. https://atek.io/en/products/cloud-platform

9. https://www.towardshealthcare.com/insights/pharmaceutical-and-biotechnology-environmental-monitoring-market-sizing

10. https://www.businessresearchinsights.com/market-reports/pharmaceutical-biotechnology-environmental-monitoring-market-
101177

11. https://biotrends.ch

12. https://www.ecfr.gov/current/title-21/chapter-I/subchapter-A/part-11/subpart-A/section-11.1

13. https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-J/section-211.188

14. https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820

15. https://health.ec.europa.eu/system/files/2016-11/annex11_01-2011_en_0.pdf
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THE PUBLISHER

About IntuitionLabs
IntuitionLabs is an AI consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

AI consulting and adoption

Our AI enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind AI: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted AI options support teams
evaluating how to operate AI with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include AI agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore AI enablement, pharma and biotech software development, data engineering and BI, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ai

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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