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Introduction 
This Life Sciences Critical Loads Reference Architecture is designed to 

enhance design planning by proposing backup power solutions using 

uninterruptible power supplies (UPS). It provides a foundational 

configuration for pharmaceutical and medical devices manufacturing 

plants, which can be tailored to meet specific project needs.  

Schneider Electric offers a diverse range of UPS solutions, from single-

phase to three-phase options, including standalone and all-in-one 

products, as well as various battery technologies like VRLA and Lithium-

Ion for extended life cycles and limited space.  

This document serves as a guide for UPS selection based on standard 

requirements, providing a comprehensive UPS system for critical loads, 

for both a new greenfield manufacturing site or a brownfield expansion or 

renovation project. 

Additionally, this reference design helps as an initial architectural 

framework, highlighting the electrical standards variations across 

regions, with a particular emphasis on IEC 62040. 
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Chapter 1: The Importance of UPS for Life Sciences Facilities  

 1.1 Power back-up 

Uninterrupted Power Supplies (UPS) are crucial for life sciences manufacturing to ensure 
continuous operation and prevent costly interruptions. They provide backup power during 
outages, preventing damage to equipment and data, and maintaining critical processes 
like those in clean rooms. In life sciences, where even brief interruptions can lead to 
product loss or damage, a UPS is essential for maintaining quality and safety. 

UPS systems are used in 3 main areas within a pharma manufacturing plant:  

• Manufacturing floor 

• Plant utilities 

• IT rooms or data center 

Typical UPS use cases include: 

• Maintaining regulatory compliance: Regulatory agencies (FDA, EMA..) have 
strict requirements for maintaining clean room conditions and preventing product 
contamination. A UPS helps ensure compliance by providing a reliable power 
source for critical systems. 

• Protection of critical equipment such as refrigerators, incubators, and automated 
production lines 

• Minimizing downtime and cost: Equipment restarts and batch discarding is very 
costly in a pharma manufacturing plant.  

• Providing a safe working environment: Think of redundant power for safety 
systems, emergency lighting, access control, CCTV cameras… 

An effective power management strategy should incorporate both UPS and backup 

generators, along with paralleling switchgear and transfer switches. This integrated 

approach ensures immediate power availability during outages and meets the pharma 

manufacturing electrical requirements until utility power is restored. 

 

 

Figure 1 

Power quality sinewave 

1.2 Impact of Power Quality 

In a life sciences environment, a variety of sensitive electronic devices and commercial 

equipment require a strong focus on maintaining high-quality power. Power quality, which 

includes aspects like voltage and current stability as well as the characteristics of the 

output waveform, has a direct effect on the functioning of different loads within a hospital. 

Variable speed drives are often used to control and improve the energy efficiency of 

motors and pumps, but often add harmonics or electrical noise.  

Adding a UPS to a Variable Frequency Drive (VFD) control circuit is often a wise decision, 

particularly in environments where power reliability is critical, and downtime can result in 

significant costs or damage. 

The UPS output inverter constantly develops the UPS output voltage waveform by 

converting the DC bus voltage to AC voltage derived from a variable frequency Pulse 

Width Modulated (PWM) IGBT inverter design. In both normal operation and battery 

operation, the output inverters create an output voltage independent of the mains input 

voltage.  Input voltage anomalies such as brown outs, spikes, surges, sags, and outages 

do not affect the amplitude or sinusoidal nature of the output voltage sine wave of the 

inverters. 

The primary purpose of the UPS, however, remains to provide a seamless, instantaneous 

power supply that safeguards critical equipment and applications throughout the life 

sciences facility, and does not fully replace active harmonic conditioners. 
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Figure 2 

UPS for GMP Compliance 

1.3 UPS Role in GMP Compliance 

GMP regulations require that pharmaceutical processes be controlled and documented, 

without interruption. A UPS prevents downtime in automated production lines and 

maintains operation of environmental control systems (HVAC, refrigeration). 

Similarly, GMP mandates real-time monitoring and data logging of critical parameters 

(temperature, pressure, humidity...). A UPS is needed for continuous operation of data 

acquisition systems and electronic batch records, but also to ensure that no data is lost 

during power fluctuations or outages, which is vital for audit trails and regulatory 

inspections. 

In addition to that, GMP and FDA regulations require validation of all systems, including 

power infrastructure and documentation of backup systems and contingency plans. A 

UPS is part of a validated power system that demonstrates preparedness and control. 

Finally, UPS systems are typically incorporated within comprehensive redundancy 

strategies - such as N+1 configurations - to eliminate single points of failure and support 

adherence to risk-based quality management practices, in alignment with ICH Q9 and 

GMP guidelines. 

 1.4 Critical Loads Requiring a UPS 

In a pharmaceutical manufacturing plant, loads can be separated between critical and 

non-critical, regardless of which area of the plant they sit in. Below is a list of critical loads 

by application area inside a pharma manufacturing plant: 

Manufacturing & Processing – Factory Floor 

• Plant safety 

• Cleanroom HVAC systems (temperature, humidity, and pressure control) 

• Sterilizers and autoclaves 

• Mixers, granulators, tablet presses 

• Reactor vessels and fermenters 

• Process control systems (PLC/SCADA) 

• Compressed air and vacuum systems 
 
Utilities room 

• Wastewater treatment system 

• Compressed Air 

• Water purification systems (e.g., RO, WFI, PW) 

• Air handling units (AHUs) 

• Dehumidifiers and HEPA filtration systems 

• Effluent treatment plants (ETP) 

• Boilers and chillers 
 
Storage & Cold Chain 

• Refrigerators and freezers (including ultra-low temperature units) 

• Cold rooms and climate-controlled warehouses 

• Temperature monitoring and alarm systems 

• Backup refrigeration systems 
 
IT room 

• Data servers and backup systems 

• Building Management Systems (BMS) 

• Electronic Batch Record (EBR) systems 

• Access control and surveillance systems 
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Research & Development area - Lab 

• Fume hoods and biosafety cabinets 

• Analytical instruments (e.g., HPLC, GC-MS, spectrophotometers) 

• Incubators and centrifuges 

• Data acquisition and lab management systems 

• Environmental monitoring systems 
 
Safety & Compliance 

• Fire detection and suppression systems 

• Emergency lighting and exit signage 

• Alarm and intercom systems 

• Security systems (CCTV, biometric access) 

 

 

 

Figure 3 

Diagram showing critical loads in a pharma manufacturing plant 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 

Micro Data Center for full IT protection 

 

 

 

1.5 Single-Phase UPS for IT equipment 

Pharma manufacturing plants can have a decentralized IT architecture, which means IT 

equipment can be deployed in multiple IT rooms within the manufacturing site, or in some 

cases right on the manufacturing floor. 

For IT rooms, single-phase UPS units are required to keep servers and networking 

switches operational in case of power disruptions. 

Single-phase UPS comes in 3 technologies:  

Online (Double conversion) UPS: 

Converts incoming AC to DC, then back to AC. The load is always powered by the 

inverter. This UPS has no transfer time during power failure and provides clean and stable 

output, ideal for sensitive equipment. It can handle voltage fluctuations, frequency 

variations, and harmonics well. This is the recommended technology for IT equipment 

since a few miliseconds of interruptions can mean a reboot of the IT equipment and can 

cause extended downtime. 
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Figure 5 

Sub-systems controlled by FMCS 

 

 

 

 

 

 

 

  

 

 

Figure 6 

Smart-UPS Ultra 

 

 

 

 

 

 

 

Figure 7 

Smart-UPS Modular Ultra 

Line-Interactive UPS:  

Normally powers the load from the mains, but uses an automatic voltage regulator (AVR) 

to correct minor power fluctuations. It switches to battery/inverter during outages. 

It’s more efficient than an online UPS and has a short transfer time (typically 2-10 ms) 

Offline (Standby) UPS:  

• The load is powered directly from the mains. Switches to battery/inverter only 

when power fails. 

• It has a simple low cost design, but the long transfer time (5 – 20 ms) may affect 

sensitive devices. It doesn’t offer voltage regulation but only protects against 

outages. 

• When IT equipment is deployed on the manufacturing floor (non-controlled 

environment), physical protection and redundant power and cooling become 

more critical. 

• This is where a Micro Data Center or ‘Data Center In a Box’ can be a complete 

solution that provides physical, power and cooling protection of the IT equipment. 

• This enclosure includes a single-phase UPS, active or passive cooling, a rack 

PDU and environemental sensors for monitoring and reporting. 

In pharmaceutical manufactiring sites, in addition to a building management system 

(BMS), you usually have a Facility Monitoring and Control System (FMCS), or an 

environmental monitoring system (EMS) in order to be GMP compliant. These software 

are crucial for maintaining the operational integrity of various subsystems, including 

SCADA, PLC, and HMI. Protecting these systems from power interruptions is essential to 

ensure continuous monitoring and control.  

While centralized three-phase UPS solutions are typically deployed to safeguard the 

entire plant critical processes, it is equally important to provide small single-phase UPS 

units for local control systems. These localized UPS units offer targeted protection, 

ensuring that even in the event of a power disruption, the FMCS components remain 

operational. This dual-layered approach enhances the overall resilience and reliability of 

the pharma manufacturing plant, preventing downtime and maintaining seamless 

production. 

To support FMCS applications, our Smart-UPS Ultra and Modular Ultra are ideal single-

phase online UPS solutions. Here are their key features: 

Smart-UPS Ultra (1-10kW): 

• Compact Design: The smallest and lightest lithium-ion UPS up to 10kW, making 

it ideal for edge environments and micro data centers. 

• High Power Density: Provides high power density, ensuring efficient use of 

space. 

Modular Ultra (5-20kW): 

• Ultra High-Power Density: Offers ultra-high power density with a modular, 

internally redundant-capable architecture. 

• Scalability: Easily scalable to meet increasing demands, ensuring that the 

power supply can grow with the facility's needs. 

Their compact design and high power density ensure that critical FMCS 
components remain operational, even during power disruptions, thereby 
maintaining the overall resilience and efficiency of the plant. 
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Chapter 2: UPS Equipment Specification  

 
2.1   Architecture 

A continuous duty, three phase, solid state, online double conversion static UPS is often 

specified in a pharmaceutical manufacturing plant. 

Scalable and modular, with user replaceable components: 

The UPS shall utilize a rack mounted N+1 redundant, scalable array architecture.  The 

system power train shall be comprised of power modules and shall be capable of being 

configured for N+X redundant operation at the rated system load. 

Each user replaceable power module shall contain a fully rated, power factor corrected 

input rectifier/boost converter hereafter referred to as the PFC input stage, a fully rated 

output inverter, battery charging circuit and field replaceable fans. Power module fans shall 

be variable speed controlled and capable of maintaining the system in the event of a single 

fan failure. The system shall also be comprised of a swappable continuous duty bypass 

static switch module, redundant control modules, redundant logic power supplies, and 

touch screen user interface/display.  User swappable/User replaceable battery modules 

are required. 

 
2.2  Environmental Conditions 

The UPS must operate reliably across a wide range of conditions: 

• Operating temperatures from 32°F (0°C) to 104°F (40°C), and storage from -4°F 

(-20°C) to 113°F (45°C) 

• Humidity from 0% to 95% non-condensing 

• Altitudes up to 3281 ft (1000 m), or 6562 ft (2000 m) if the ambient temperature 

is below 82°F (28°C); storage up to 39,370 ft (12,000 m) 

• Noise level of 69 dBA at 3 ft (914 mm) 

 

 

 
 

2.3        Quality Assurance & Compliances 

All testing shall be performed by the manufacturer’s field services division. If an 

independent testing agency is required, it must be qualified to conduct testing in 

accordance with ASTM E 699. 

The UPS system shall comply with NFPA 70 and applicable local codes in North America. 

The manufacturer must be an established firm with at least 20 years of experience in solid-

state UPS systems of the required types and sizes, and must be ISO 9001 certified, with 

products designed to internationally accepted standards. 

Regulatory compliance shall include all applicable Federal, State, and local laws, codes, 

and ordinances. Necessary approvals must be obtained from relevant authorities. 

The system shall meet the following standards and certifications: 

• NFPA, NEMA, OSHA 

• UL 1778, UL60950-1 

• IEEE/ANSI 519 

• ISO 9001 and ISO 14001 

• IEC 62040-2, EN50091-2 (Class A), FCC15A 

• UL, CE, CCC, or IS markings as required by local jurisdiction 
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Chapter 3: UPS Design Technologies 

 

3.1   Technology of UPS used: Rotary vs Static UPS 

The rotary UPS system is named for its rotating components, such as a motor-generator, 

which transfers power to the load. A true rotary UPS system generates its output sine wave 

through rotating generation. Short-runtime backup power is typically provided by a 

flywheel, but batteries can also be used (Piller). Diesel engine-coupled Rotary UPS 

(DRUPS) systems, which are flywheel-based, generally offer 10 to 30 seconds of 

protection before the flywheel slows and power output stops. These systems are 

mechanically integrated with a standby diesel engine, providing backup power only for the 

brief period needed for the engine to start and stabilize its output. 

Architecture: 

• Rotary UPS: This system uses a centralized architecture (in MV or HV usually), 

integrating all aspects of power backup into one solution. However, this approach 

makes it difficult to target resources only to critical applications and to optimize 

the UPS resource. 

• Static UPS: This system offers flexibility to deploy centralized as well as 

distributed UPS solutions, efficiently targeting critical aspects of the load. It is 

more flexible and cost-effective, also easy to scale up. 

See detailed comparison in Table 1, the analysis demonstrates that Static UPS systems 

generally outperform DRUPS systems in terms of cost, efficiency, and scalability, making 

them a better choice for semiconductor applications. 

 

  

 Rotary UPS Static UPS 

Environmental 
Impact 

The diesel generator of a Rotary UPS is active frequently 
due to the flywheel's 10 to 30s ride-through time. 

Static UPS systems have a longer battery runtime of 5 to 15 
minutes, allowing the generator to start only when an outage 
exceeds a specific duration. 

Noise The frequent start-up of the diesel generator in Rotary 
UPS systems results in a noisier equipment room. 

Static UPS systems, with new IGBT and choke technology, 
are more efficient and quieter. 

Efficiency Rotary UPS systems do not have an efficiency advantage. 
In certain load ranges, Static UPS systems are 2% to 4% 
more efficient. Modern Static systems can achieve up to 
97.6% efficiency, comparable to or better than DRUPS. 

Maintenance Mechanical equipment, such as rotary UPS systems, 
requires more maintenance than electronic equipment. 

Modern UPS supports new designs like modular Power 
Modules and Live Swap, which makes maintenance 
significantly simpler. 

Scalability Adding capacity often requires significant modifications or 
additional units.  

Static UPS systems are more scalable and flexible, 
allowing for "right-sizing" and easier adaptation to market 
changes. 

Space Savings Provides some level of space-saving by integrated design. 
The space required by Static UPS systems is often 
exaggerated. Lithium-ion batteries can significantly reduce 
space requirements. 

Energy Usage – 
Thermal Buffer 
Complexity: 

DRUPS systems may use more energy overall due to 
higher power losses under partial load conditions 

The thermal buffer system for Static UPS systems is 
simple and cost-effective, contrary to claims of complexity 
and expense. 

 Table 1 

Rotary UPS vs Static UPS 
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Figure 8 

Galaxy UPS Series 

 

3.2  Galaxy Series UPS 

In the precision-driven world of Life Science pharmaceutical manufacturing, maintaining 

continuous power to critical systems is essential for ensuring product integrity, regulatory 

compliance, and operational continuity. The Galaxy UPS family offers a modular, 

scalable, and energy-efficient power protection solution tailored to meet the unique 

demands of pharma production environments. 

The Galaxy VS (10–150 kW) is a compact, high-performance 3-phase uninterruptible 

power supply (UPS) designed for smaller-scale applications such as cleanroom controls, 

laboratory instrumentation, and environmental monitoring systems. Its modular 

architecture, fault-tolerant design, and N+1 redundancy ensure high availability, while 

patented technologies enable up to 97.5% efficiency in double conversion mode and 

up to 99% in eConversion mode, delivering significant energy savings and reduced total 

cost of ownership. 

For medium-sized loads and facility-wide protection, the Galaxy VL (200–500 kW) 

provides scalable power backup with a compact footprint of just 0.8 m². Its 3U, 50 kW 

power modules allow for seamless capacity expansion and integration into existing 

infrastructure. This makes it an ideal solution for supporting critical systems such as 

automated production lines, cold storage, and quality control labs. 

 

 
Figure 9 

Galaxy VS UPS front open view 

3.3   UPS Modular Power Modules 

The Galaxy Series UPS systems utilize a modular and scalable design that facilitates the 

Live Swap of power modules. This design prioritizes safety and ease of serviceability. Key 

aspects include: 

• Live Swap Safety Operation:  

o The Live Swap feature enables safe replacement of power modules without 

transferring the load to bypass, ensuring uninterrupted operation during 

maintenance. It complies with NFPA and IEC 60634-4-41 standards for 

protection against electric shock. 

o The design limits ARC FLASH as passive risk at UPS ends according to NFPA 

limiting Incident Arc Energy at 1.2 Cal/cm² verified by UL standard. 

• Power availability:  

o Modularity allows internal redundancy, which improves power availability, lowers 

MTTR (Mean Time to Repair). Replacing a module takes 10min on average.  

o Smart Power Test (SPoT) enables UPS and module testing without external load 

banks, ensuring readiness while saving energy. 

• Serviceability: The modular design simplifies the maintenance process, enabling 

quick access to components for servicing or upgrades. 

• Scalability: It allows for scalable, modular power management to accommodate 

growing power needs, with pay-as-you-grow architecture 

 
3.4  UPS Operating Modes in Pharma Manufacturing facility 

To meet the stringent reliability and quality demands of pharmaceutical production, Galaxy 

UPS systems support multiple operating modes that balance power protection with energy 

efficiency. In centralized setups—typically under 500 kW—and localized applications 

below 150 kW, Double Conversion on-line Mode ensures clean, stable power by fully 

isolating sensitive equipment from input disturbances. This is critical for maintaining the 

integrity of processes like aseptic filling, cold chain storage, and cleanroom operations. 
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For facilities prioritizing energy optimization without compromising the protection 

level, eConversion Mode offers a high-efficiency alternative. It intelligently switches 

between power paths to reduce energy losses while maintaining backup readiness. These 

flexible modes allow pharma manufacturers to tailor UPS performance to specific 

operational needs, ensuring both compliance and cost-effectiveness. 

 

 

 
Figure 10 

Double conversion on-line normal mode 

UPS topology 

3.4.1 Double conversion on-line normal mode 

A double conversion UPS operating in on-line normal mode provides nearly ideal electrical 

output performance.  

The system ensures complete regeneration of output power, total isolation of the load from 

disturbances in the distribution system, and no-break transfer to a bypass line when 

necessary. During normal operation, a rectifier/charger converts AC input power into DC 

power to supply an inverter and charge a battery. The inverter regenerates a sinusoidal 

AC signal free of disturbances and maintains strict amplitude and frequency tolerances. In 

the event of an AC input power failure, the battery provides backup power for the inverter.  

Typically, operating in Double conversion on-line normal mode, UPS systems can reach 

an efficiency level of up to 97.5%. 

As a summary:  

• High efficiency up to 97.5% 

• Ideal Power Protection and Performance  

• High tolerance of upstream voltage and frequency fluctuation 

• 0 secs transfer time => Class 1 voltage quality  

 

 
Figure 11 

eConversion mode - double conversion on-line 
UPS topology 

 
Figure 12 

In eConversion mode the UPS is rated as a 
class 1 system giving zero breaks transfer 
at power outage, the same category as 
double conversion 

3.4.2   Double conversion on-line with High-Efficiency PFC  

     mode – eConversion  

The eConversion operating mode is a patented solution by Schneider Electric, it combines 

the Inverter operation with normal bypass operation to achieve high efficiency while 

ensuring the Class 1 output voltage regulation according to IEC62040-3. It's commonly 

used to protect large quantities of critical loads and associated storage. 

In eConversion mode, the primary power flow occurs through the bypass path via the 

static switch, as shown in Figure 11. The inverter operates in parallel, supplying the 

necessary current to ensure that the AC input power source receives only sinusoidal 

current with a high-power factor. This setup not only facilitates battery charging but also 

allows for power factor correction and active harmonic filtering. As a result, eConversion 

mode provides a protection level comparable to that of Double Conversion on-line normal 

mode while achieving enhanced efficiency of up to 99%. 

No Break Transfer: According to IEC62040-3 Class 1, as illustrated in Figure 12, the 

region between the overvoltage and undervoltage transient limits delineates the dynamic 

output performance requirements for UPS systems serving sensitive critical loads. The 

transient output voltage must not fall below a threshold of -30% of the nominal voltage for 

a minimum duration of 0.1ms. Both double conversion and eConversion modes in the 

Galaxy UPS series meet this stringent performance criterion. 

As a summary:  

• Highest efficiency up to 99% with positive effect of eConversion on Total Cost of 
Ownership, on-line Calculator 

• Harmonic mitigation  

• Upstream Power Factor equal to unity 

• No break (less than 0.1ms) transfer time => Class 1 voltage quality  

• Upstream short-circuit handling 
 

https://www.se.com/ww/en/work/solutions/system/s1/data-center-and-network-systems/trade-off-tools/econversion-vs-double-conversion-calculator/index.html
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Figure 13 

Galaxy Lithium-ion Battery Cabinet 
 

3.5  Backup Battery Options - Lithium-Ion vs VRLA vs Flywheel 

In pharmaceutical environments, the choice of UPS battery technology also plays a critical 

role in overall system design. Three primary options are commonly considered: Valve 

Regulated Lead Acid (VRLA), Lithium-ion batteries, and Flywheel energy storage 

systems. 

VRLA batteries represent an older technology that remains widely used in pharma 

facilities, largely due to legacy system designs and limited awareness of newer 

alternatives. Their simplicity and safety in standby applications make them a familiar 

choice. They can be rack-mounted in equipment rooms, require minimal maintenance, and 

emit virtually no gases—making them suitable for controlled environments. However, they 

come with limitations in terms of lifespan, footprint, and energy efficiency. 

Flywheel systems offer fast discharge and long cycle life, but their high cost and limited 

energy duration make them less practical for pharmaceutical UPS needs. Compared to 

VRLA and flywheel technologies, Lithium-ion batteries deliver superior energy density, 

efficiency, and long-term value—making them the optimal choice for modern, compliant, 

and scalable backup solutions. 

Lithium-ion emerges as the clear frontrunner for 3-phase UPS systems when evaluating 

Total Cost of Ownership (TCO), footprint savings, maintenance requirements, energy 

efficiency, cooling demands, and battery replacement cycles. Its compact design enables 

significant space optimization, while its longer lifespan and reduced maintenance needs 

translate into lower operational costs over time. Compared to traditional VRLA and 

flywheel systems, Lithium-ion batteries offer faster recharge times, higher energy density, 

and more reliable performance under demanding pharmaceutical conditions. 

To address safety concerns often raised in regulated industries, Schneider Electric’s 

lithium-ion battery systems are engineered with multiple layers of protection and 

monitoring: 

• Advanced Battery Management System (BMS): A 3-level BMS actively 

manages charge/discharge cycles and protects against overcharging, 

overcurrent, short circuits, and overheating - helping prevent thermal runaway. 

• Multi-level Protection Design: 

o Cell level: Each cell includes an internal fuse. 

o Module level: Encased in UL94 V0 flame-retardant plastic. 

o Rack level: Equipped with fuses to isolate faults. 

o System level: Certified through UL9540A fire propagation testing, 

ensuring that even in worst-case thermal events, issues remain 

contained within a single cabinet. 

• Compatibility Assurance: Schneider conducts rigorous compatibility testing 

between its UPS systems and lithium-ion batteries to ensure optimal performance 

and protection settings. 

• Integrated Monitoring: Full integration with EcoStruxure™ and Power 

Monitoring Expert enables real-time visibility into battery health, historical 

trends, and predictive maintenance planning. 

These features make Schneider Electric’s lithium-ion battery solutions not only safer and 

more efficient, but also better aligned with the operational and compliance needs of 

pharmaceutical manufacturing environments. For more info please check Trade-Off Tools 

with full advantage comparison. 

 

 

https://www.se.com/ww/en/work/solutions/system/s1/data-center-and-network-systems/trade-off-tools/lithium-ion-vs-vrla-ups-battery-tco-calculator/
https://www.se.com/ww/en/work/solutions/system/s1/data-center-and-network-systems/trade-off-tools/lithium-ion-vs-vrla-ups-battery-tco-calculator/
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3.6  EcoStruxure for Life Science, Critical Power Monitoring 

In pharmaceutical manufacturing, visibility and control over power infrastructure are 

essential for maintaining product integrity, regulatory compliance, and operational 

continuity. EcoStruxure for Life Sciences is Schneider Electric’s IoT- enabled, open, and 

interoperable platform that enhances safety, reliability, efficiency, and sustainability across 

pharma operations. By leveraging IoT, mobility, sensing, cloud, analytics, and 

cybersecurity, EcoStruxure delivers Innovation at Every Level - from Connected 

Products to Edge Control to Applications, Analytics & Services. 

Figure 14 
Power Monitoring Expert- 

Energy usage dashboard view 

 

 

 

 

 

  

 

 

 

 

3.6.1 EcoStruxure for Pharma Manufacturing 

EcoStruxure for Life Sciences integrates three core domains—Power, Building, and IT—

to support the full spectrum of pharmaceutical facility operations: 
• EcoStruxure Power Provides real-time monitoring of power quality and system 

health across the electrical distribution network—from medium voltage to low voltage. 

It enables predictive maintenance, fault detection, and energy optimization, helping 

reduce downtime and ensure compliance with GxP standards. 
• EcoStruxure Building Manages HVAC, cleanroom environments, fire safety, and 

access control systems. It uses analytics to optimize energy use and maintain 

environmental conditions critical to product quality and regulatory adherence. 
• EcoStruxure IT makes IT infrastructure more reliable and efficient while simplifying 

management by offering complete visibility, alerting and modelling tools. It receives 

data, generates alerts, predictive analytics, and system advice on any device to 

optimize availability and efficiency in the IT space. 
Figure 15 

EcoStruxure for Life Sciences 
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3.6.2   Power Monitoring Expert (PME) 

• EcoStruxure Power Monitoring Expert (PME) for Backup Power Monitoring ensures 

uptime during an electrical outage and gives you peace of mind that you can rely on 

your backup power supply when it is needed 

• PME is an edge control software in our EcoStruxure Power architecture that connects 

to connected devices, collects data for real-time monitoring and data analysis, and 

enables our system analytics from service offers 

• Connecting to your Galaxy VS, Galaxy VL 3-phase UPSs, as well as your Galaxy 

Lithium-ion Battery Cabinets, PME provides full visibility of device operation data, 

alarms, and status in real time; captures UPS electrical signature and compares 

overtime to identify possible degradation; reduces time-consuming testing and 

documentation efforts; and offers configurable software alarms so that you can focus 

on proactive maintenance and improve business continuity.  

Figure 16 

PME connectivity with UPS 

 

 Real Time Monitoring of UPS and Batteries (system, rack, and module level): 

• Voltage, Current, KW, temperature, etc. 

• Status 

• Events and Alarms 

Historical Data Analysis of UPS and Batteries (system, rack, and module level) 

• UPS Auto Test reporting  

• Battery discharge 

• Data trending 

Figure 17 

PME Galaxy UPS’s dashboard view 
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Chapter 4: Reference Architecture Design for UPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 

Galaxy VS UPS 

 4.1   Pharma manufacturing facility electrical design architecture 

Overview: This Centralized UPS system is designed to support 200 kVA of critical loads 

across the facility. The architecture balances total cost of ownership with high availability, 

leveraging the ultra-high efficiency Galaxy VS UPS (up to 99% with eConversion mode).  

Configuration: 3 x Galaxy VS UPS 100 kVA units, paralleled N+1 redundancy, ensuring 

continuous operation even if one unit requires maintenance or fails. 

Power Sources: Connected to two separate upstream power sources with generator 

backup, providing redundancy and reliability to deliver uninterrupted power. 

Bypass Panel: An external bypass panel allows for the isolation of the static bypass and 

inverter, enabling maintenance without interrupting power to critical loads. 

Energy Storage: The system is supported by lithium-ion batteries, which offer longer life 

and greater efficiency compared to traditional battery technologies. 

Monitoring and Management: Network Management Card (NMC) facilitates secure 

remote monitoring and management of the UPS and battery backup systems via Ethernet. 

Integration with Power Monitor Expert and other Apps & Analytics on the EcoStruxure 

platform enhances monitoring capabilities, ensuring real-time oversight and diagnostics. 

 
Figure 19 

UPS Reference Architecture for Pharma Manufacturing 
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Redundancy Architecture 

N 

Capacity system without any 
redundancy. If one unit is 
removed, capacity will be 
diminished. 

N+1 

Redundant unit: One UPS can 
be taken out of the system while 
still maintaining full capacity. The 
system is designed for 
concurrent maintainability. 

2N or 
N+N 

Two separate capacity systems, 
Feed A and Feed B, providing 
fault tolerance. 

2(N+1) 

Two independent redundant 
systems, Feed A and Feed B. 
Removing any one unit from the 
system will not impact the 2N 
power path. 

 

Table 2 

Redundancy Architecture definitions 

4.2  Redundancy of UPS systems 

The Pharma manufacturing facility electrical design consists of two distinct feeds, labeled A 

and B, where centralized UPS are used, it is recommended to incorporate redundancy, so 

the load is protected during maintenance or equipment failure. 

What is “N”? 

UPS design configurations are often described by nomenclatures using the letter “N” in a 

calculation stream. For instance, a parallel redundant system may also be called an N+1 

design, or a system plus system design may be referred to as 2N. “N” can simply be defined 

as the “need” of the critical load. In other words, it is the power capacity required to feed the 

protected equipment. An “N” system is a system comprised of a single UPS module, or a 

paralleled set of modules whose capacity is matched to the critical load projection. 

Parallel Redundant or “N+1” 

This configuration allows for the failure of a single UPS module without requiring that the 

critical load be transferred to the utility source. The intent of any UPS is to protect the critical 

load from the variations and outages in the utility source. As the criticality of process 

increases, and the tolerance for risk diminishes the idea of going to static bypass, and 

maintenance bypass is seen as something that needs to be further minimized. N+1 system 

designs still must have the static bypass capability, and most of them have a maintenance 

bypass as they still provide critical capabilities. 

Systems with even higher levels of redundancy exist, such as 2(N+1), which is two N+1 

systems fed by different feeds and feeding the load via different lines. This setup ensures 

that the entire load capacity remains protected by the UPS even if a single UPS power 

module, unit, or one of the supply sides fails.  

However, the most seen types in Pharma manufacturing are N+1. For a summary of typical 

redundancy levels, please refer to Table 7. 

 
 
 

 
 
 
 

 

Figure 22 

Redundancy N+N or 2N configuration  

Figure 21 

Redundancy N+1 configuration 

Figure 20 

Standalone configuration N  
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4.3  N+1 Parallel Redundancy operations 

In this architecture, we use an integrated parallel UPS solution with common maintenance 

bypass and 2+1 redundancy.  

Operation with all units OK (redundancy available) 

• 2 UPS units must be capable of fully supplying the load(200kVA) if redundancy is lost.  

• Each UPS unit must therefore have a 100 kVA rating. 3 UPS units normally share the 

200 kVA load, i.e. each supplies 66.6 kVA. The 3 UPS units normally operate at a 

percent load of 66.6 / 100 = 66.6%.   

• Integrated parallel UPS units are each equipped with a static bypass. Transfer is 

managed such that the three UPS units transfer to the bypass simultaneously, if 

necessary. 

Loss of redundancy 

• One UPS unit shuts down, the two remaining units operate at 100%.  

• The faulty UPS unit can be serviced due to the maintenance bypass. 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
 

 

 

 

Figure 23 

N+1 Parallel Redundancy operations – all 

units OK (Redundancy available) 

Figure 24 

N+1 Parallel Redundancy operations – Loss of 

Redundancy 
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4.4  Recommended UPS Architectures 

Pharmaceutical manufacturing facilities vary widely in scale, process complexity, and 

regulatory requirements, all of which influence the design and deployment of 

uninterruptible power supply (UPS) systems. Whether supporting centralized utilities, 

cleanroom operations, or distributed lab environments, UPS solutions must be tailored to 

ensure high availability, scalability, and compliance. To address these diverse needs, we 

provide reference configurations using Galaxy UPS systems that deliver reliable power 

protection while optimizing footprint, energy efficiency, and total cost of ownership. 

 

Size of 
Load 

Type of 
UPS 

Typical 
Architecture 

SE UPS 
Proposal 

UPS 
Model 

Ratings 
Advantages UPS Configuration  

100kW Static UPS 

N+1 Internal 

Redundancy 
1 x Galaxy VS 150kW 

Less footprint, less cost, maintaining N+1 

redundancy. 

1 x 150kW (2 x 50 kW+ 50 kW 

Power Modules) MODULAR 

UPS 

Parallel 

Redundancy 
2 x Galaxy VS 100kW 

Lower switchgear rating, higher fault tolerant 

modular design, smaller battery capacity per 

cabinet. 

 

 

 

 

 

150kW Static UPS 
N+1 Internal 

Redundancy 
1 x Galaxy VL 200kW 

Less footprint, less cost, maintaining N+1 

redundancy. 

1 x 200kW (3 x 50 kW+ 50 kW 

Power Modules) MODULAR 

UPS 

200kW 

Static UPS 
N+1 Internal 

Redundancy 
1 x Galaxy VL 250kW 

Less footprint, less cost, maintaining N+1 

redundancy. 

1 x 250kW (4 x 50 kW+ 50 kW 

Power Modules) MODULAR 

UPS 

Static UPS 
N+1 Parallel 

Redundancy 
3 x Galaxy VS 100kW 

Lower switchgear rating, higher fault tolerant 

modular design, smaller battery capacity per 

cabinet. 

 

 

 

 

 

Static UPS 

Parallel with N+1 

Internal 

Redundancy 

2 x Galaxy VS 150kW 
Most optimized between cost and fault 

tolerance. 

2 x 150kW (2 x 50 kW+ 50 kW 

Power Modules) MODULAR 

UPS 

 

 

 

 

 

 

 

Table 3 

Recommended UPS Architecture and Model 
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Tools & Document Links 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 
 
 

 

Comparing UPS System Design Configurations 
White Paper 75 
 

Browse all TradeOff Tools™ 
tools.apc.com 

Resources 

UPS Solutions – Design Office Guide 
2024 Edition 

Mitigating Electrical Risk While Swapping Energized Equipment 
White Paper 13 

EcoStruxure Power Design – Ecodial 
Electrical Installation Design Software 

Comparison of UPS neutral distribution options 
White Paper 41 

Mitigating Electrical Risk While Swapping Energized Equipment 
White Paper 13 

The Different Types of UPS Systems 
White Paper 1, version 10 

Email        for further assistance. referencedesigns@se.com 

https://www.se.com/us/en/download/document/SPD_SADE-5TPL8X_EN/
https://www.se.com/ww/en/work/solutions/for-business/data-centers-and-networks/trade-off-tools/
https://www.se.com/uk/en/download/document/998-22452704_DESIGN_GUIDE/
https://download.schneider-electric.com/files?p_Doc_Ref=SPD_WP13_EN
https://www.se.com/uk/en/work/products/product-launch/ecostruxure-power-design-ecodial/
https://www.se.com/uk/en/work/products/product-launch/ecostruxure-power-design-ecodial/
https://www.se.com/uk/en/work/products/product-launch/ecostruxure-power-design-ecodial/
https://www.se.com/fr/fr/download/document/SPD_WP41_EN/
https://download.schneider-electric.com/files?p_Doc_Ref=SPD_WP13_EN
https://www.se.com/uk/en/download/document/SPD_SADE-5TNM3Y_EN/
mailto:referencedesigns@se.com

