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ABSTRACT 

 
Single-use technologies are increasingly being adopted in the pharmaceutical and 
biopharmaceutical industries to increase manufacturing flexibility, reduce contamination risks 
and improve operational efficiency. Single-Use Bag Assemblies (SUBA) and filtration systems 
are now integral components of modern bioprocessing in that they provide sterile fluid handling 
with minimum cleaning and validation requirements. The study was conducted during an 
industrial internship with Saint-Gobain Life Sciences with the goal of evaluating the market 
opportunity for single-use bioprocess solutions, mapping potential customers, understanding 
industry requirements, and supporting lead generation within the main pharmaceutical 
manufacturing clusters in India. The research utilised a blend of primary and secondary methods, 
such as literature review, industrial cluster mapping, account identification, customer contacts, 
site visits, technical discussions and competitor analysis. Information collected from such 
activities were meticulously documented and analysed to provide an understanding of product 
adoption trends, customer pain points, purchasing habits and market opportunities without 
jeopardising the confidentiality of business-sensitive information. 
 
The study covered key pharmaceutical hubs including Bengaluru, Dharward, Pune, Mumbai, 
Nashik, Nagpur, Hosur, Kolar, Dharwad and Chhatrapati Sambhaji Nagar, providing a holistic 
insight into regional market dynamics for single-use assemblies and filtration products. The 
results revealed an increasing demand for individualised bioprocess solutions driven by the 
growth of biologics manufacturing, rising regulatory expectations, and the industry’s move 
towards flexible manufacturing systems. Through customer engagement, the importance of 
technical understanding, solution-based selling and application-specific customisation to meet 
manufacturing needs and build business relationships was emphasised. In summary, the 
internship was successful in demonstrating the combination of biotechnology with industrial 
marketing and business development, and the importance of market research, customer mapping, 
competitor intelligence and opportunity prioritisation in facilitating the commercialisation of 
advanced life science technologies and contributing to sustainable business growth. 
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Company Profile 

 
 

Figure 1 Saint Gobain Logo 
 

Saint-Gobain isn’t just a familiar name worldwide—they’ve been at this for over 350 years. 

They design, make, and distribute all kinds of advanced materials and high-performance 

solutions for different industries. You’ll find them almost everywhere, with operations in more 

than 80 countries and a reach that covers construction, healthcare, mobility, energy, aerospace, 

and life sciences. It’s a company built on innovation, always pushing for sustainability in the 

way they do business. 

In India, Saint-Gobain has made itself a key player. Their factories and commercial teams aren’t 

just selling global products—they’re building and engineering solutions locally for various 

industries, keeping customer needs front and center. 

Zooming in on their Life Sciences division, this is where they really lean into fluid management 

technologies—think systems and products used by pharmaceutical, biotech, medical device, lab, 

and food processing companies. They’re all about developing custom single-use solutions that 

make things run smoother. Their focus- Boost efficiency, protect product integrity, and help 

companies meet strict global standards. From early R&D all the way to full commercial 

manufacturing, their range covers a lot of ground. 

Their lineup includes things like single-use bags and liners, bioprocess tubing, sterile filters, 

aseptic connectors, sanitary closures, manifolds, and specialized assemblies for final product 

fills. They use high-purity polymers, designing everything for sterile fluid handling, storage, 

sampling, and processing. The idea is to cut down contamination risks and eliminate most of the 

heavy-duty cleaning checks manufacturers usually need. With their modular designs, Saint-

Gobain helps customers build out processes that are both flexible and ready to grow—across the 
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entire bioprocessing workflow. 

 

What makes Saint-Gobain Life Sciences stand out? For starters, they don’t just sell products. 

They work alongside customers, engineering tailored solutions for each application—so 

companies get assemblies that fit right into their existing systems, not just off-the-shelf parts. 

Besides making products, they help with technical advice, validation, documentation, and 

navigating regulatory requirements like a true partner. 

Their Indian operations only add to their strengths. Local manufacturing means they can respond 

quickly, shorten lead times, and keep the supply chain nimble. This allows Saint-Gobain to meet 

the changing needs of the Indian pharmaceutical and biopharma sectors, while still upholding the 

global quality the brand is known for. 

All in all, through constant innovation and a focus on customer needs and sustainability, Saint-

Gobain Life Sciences has earned its place as a trusted partner in advanced fluid management and 

single-use bioprocessing for healthcare and life sciences companies. 

 

 

 

 

Figure 2 Saint Gobain Bioprocess Solutions Product portfolio. 
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CHAPTER 1                                                                          INTRODUCTION 

1.1 The Genesis of the Opportunity 

The current biopharmaceutical landscape is defined with the aid of the fast translation of complex 

biological research into scalable, business therapeutics. however, a important bottleneck frequently 

exists between educational organic technological know-how and industrial-scale manufacturing 

(Langer, 2015). Bridging this hole requires an acute expertise of both the center biotechnology and 

the commercial infrastructure that supports it.  

 The genesis of this thesis stems from a strategic transition from an educational environment—

focused at the theoretical underpinnings of biotechnology—into the epicenter of India’s industrial 

existence sciences sector. Moving from Chandigarh to Bengaluru, a primary hub for 

biomanufacturing and existence of sciences innovation, marked the begin of an extensive 

immersion into industrial Sterile fluid management. Running in the existence of Saint-Gobain 

Lifesciences supplied a frontline view of the manner excessive-purity polymer technologies right 

now affect the velocity, protection, and monetary viability of drug production. The primary goal 

turn out to be to understand the technical specifications of those advanced materials and leverage 

that know-how to strain employer development, map marketplace calls for and execute lead 

technology all through vital pharmaceutical production zones. 

1.2 The Technological Paradigm: Stainless Steel vs. Single-Use Systems 

To research market demand and client pain points correctly, one have to first establish the 

technological baseline of the biopharmaceutical industry. historically, industrial production relied 

almost solely on tough-piped, stainless-steel infrastructure. while particularly durable and capable 

of enormous scale, those legacy systems gift severe operational barriers in a present day generation 

that needs multiproduct agility (Shukla and Gottschalk, 2013). each batch changeover in a chrome 

steel facility calls for exhaustive cleaning-in-place (CIP) and Steam-in-place (SIP) protocols. those 

validation methods consume big volumes of highly purified Water for Injection (WFI), chemical 

detergents, and thermal strength, often halting manufacturing lines for days or perhaps weeks 

(Whitford, 2010). furthermore, any microscopic failure in cleaning validation introduces the 

catastrophic threat of batch-to-batch go-contamination, that could result in the lack of tens of 

millions of dollars of organic product. 
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. 

 

Single-Use Assembly (SUA) have revolutionized this workflow. Comprising pre-sterilized 

(commonly gamma-irradiated) polymer bags, custom tubing assemblies, and disposable filtration 

gadgets, SUT permits manufacturers to do away with the whole fluid contact pathway after a single 

batch (Ding et al., 2014). This paradigm shift basically converts excessive, fixed Capital 

Expenditure (CapEx) into scalable Operational Expenditure (OpEx). current marketplace statistics 

suggests that the Indian single-use bioprocessing market is experiencing explosive growth, 

projected to growth at a Compound Annual boom fee (CAGR) of 18.4% via 2030 (Grand View 

research, 2024). This surge is commonly driven with the useful resource of a dense community of 

Indian settlement manufacturing corporations (CMOs) scaling up biosimilar and monoclonal 

antibody (mAb) production, wherein speedy changeovers are economically essential. 

Operational Metric 
Legacy Stainless Steel 
Infrastructure 

Modern Single-Use  
Asemblies (SUA) 

Capital Expenditure 
(CapEx) 

Massive initial investment in 
fixed bioreactors and hard-
piping. 

Minimal fixed infrastructure; 
costs shift to consumables 
(OpEx). 

Validation Burden 
Intensive, recurring CIP/SIP 
validation between every 
batch. 

Pre-validated and sterilized; 
eliminates CIP/SIP 
requirements. 

Turnaround Time 
Days to weeks of downtime 
for cleaning and cooling. 

Hours; facilitates rapid multi-
product facility changeovers. 

Contamination Risk 
Vulnerable to biofilm buildup 
and cleaning protocol 
failures. 

Near-zero risk; closed systems 
ensure absolute fluid isolation. 

Utility Footprint 
Extremely high consumption 
of WFI and pure steam. 

Minimal footprint; lowers 
facility carbon and water 
intensity (Jenke et al., 2015). 

 

Table 1 Understanding difference between Stainless steel and SUA((Jornitz, 2014).) 
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1.3 Initial Technical Immersion and Foundation 

earlier than deploying to the field to assess marketplace dynamics, a rigorous duration of technical 

onboarding was required on the corporate headquarters in Bengaluru. inside the existence sciences 

zone, business development can not feature on commercial acumen alone; it calls for deep 

technical fluency.Procurement managers and bioprocess engineers assume representatives to 

behave as technical specialists capable of discussing molecular interactions and regulatory 

compliance. 

This foundational section targeted on studying the fabric science, fluid dynamics, and engineering 

specifications of the middle product portfolio: 

Fluid switch Tubing: A important assessment of polymer performance in a bioprocessing 

surroundings. This included expertise the purity profiles of platinum-cured silicone tubing—

desired for its excessive flexibility, biocompatibility, and extremely low extractables profile—

versus Thermoplastic Elastomers (TPE). TPEs are engineered polymers crucial for current SUA 

due to the fact they may be sterile-welded and sealed without delay on the manufacturing unit floor 

using automatic equipment, thus retaining closed-machine integrity without the need for external 

connectors (Eibl et al., 2014). 

 

 

Single-Use Bioprocess bags: these containers aren't simple storage vessels; they may be 

noticeably engineered, multi-layered polymer movies. education worried analyzing the co-

extrusion architecture: the biological inertness of the ultra-low-density polyethylene (ULDPE) 

fluid touch layer, the important gasoline-barrier houses furnished via ethylene vinyl alcohol 

(EVOH) to save you oxygen permeation and subsequent protein oxidation, and the tensile power 

of the outer structural layers (Hammond et al., 2014). knowledge those layers is crucial for 

addressing customer worries regarding Extractables and Leachables (E&L) testing (Jenke et al., 

2015). 

 

Filtration Mechanics: know-how the thermodynamics of fluid float across sterilizing-grade 

(0.22-micron) membranes. It become important to differentiate among membrane chemistries, 
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inclusive of Polyethersulfone (PES) utilized for its high drift rates and low protein binding, as 

opposed to Polyvinylidene Fluoride (PVDF) for packages requiring specific chemical resistance 

profiles (Jornitz, 2014). 

Armed with an integrated understanding of academic biotechnology and commercial polymer 

technology, the theoretical basis was set. the following phase of the internship required 

transporting this know-how from the corporate hub in Bengaluru at once to the active production 

flooring in Maharashtra to check those technology towards real-world processing bottlenecks. 

1.4 Market Exploration and Field Deployment in Maharashtra 

even as technical onboarding in Bengaluru provided the foundational statistics of single-use 

assemblies, the middle business improvement mandate required lively marketplace validation. The 

transition from the company headquarters to the financial frontlines of Maharashtra changed into 

important for mapping close by demand. Taking a flight from Bengaluru to Pune facilitated at once 

geographic access to key production belts, which are pivotal to India’s biopharmaceutical 

environment. Maharashtra presently payments for a good sized a part of India's biotech sales, 

functioning as a important hub for every Active Pharmaceutical component (API) and complicated 

biologic formulations (department of prescribed drugs, 2021). 

To make sure excessive-opportunity lead era, a stristrategic statistics integrity protocol was 

brought into play. A Common pitfall in commercial business development is the reliance 

lifesciences on generalized datasets that fail to distinguish between corporate administrative places 

of work and active production facilities. in this challenge, a rigorous filtering method changed into 

carried out, restricting inclusion criteria to sites with confirmed active production, fill-finish, or 

bulk processing abilties while systematically purging company headquarters and 1/3-party 

logistics buyers. This granular method ensured that industrial sources have been directed 

exclusively at facilities wherein single-use assemblies may want to provide tangible operational 

impact. the following table categorizes the strategic awareness across key industrial clusters 

recognized at some point of the sector deployment: 

Industrial 
Cluster 

Identified 
Active Sites 

Primary 
Technology 
Focus 

Competitor 
Saturation 
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Satpur / 
Ambad 
(Nashik) 

CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Sinnar 
(Nashik) 

CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Hingna / 
Butibori 
(Nagpur) 

CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Nagpur CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Mumbai East CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Navi Mumbai CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Mumbai West CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Pune CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

Pune CONFIDENTIAL CONFIDENTIAL CONFIDENTIAL 

 
Table 2  City wise analysis 

Area interactions revealed that while Tier 1 international competition keep a major presence, their 

supply chains frequently result in more lead-time bottlenecks (Mordor Intelligence, 2026). 

facilities regularly reported delivery windows of 16 to 22 weeks for general customized manifolds. 

This recognized "service gap" have become the number one value proposition for our lead 

generation strategy. by using leveraging a localized design-to-shipping model, we could provide 

custom single-use assemblies with lead instances of 8-10 weeks. This agility is noticeably valued 

through contract manufacturing organizations (CMOs), who function in multi-product 

surroundings requiring fast facility changeovers (Ding et al., 2014). The combination of technical 

procedure audits and localized deliver chain pace proved vital for converting hesitant procurement 

groups into active industrial partners. 

1.5 Commercial Operations and Channel Management 

Enervation to active pipeline execution. moving to Bangalore marked is a pivotal transition in this 

mandate, giving the logistical connectivity important to change company reporting, inter-
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departmental alignment, and an increasing nearby territory. below the guidance of organizational 

leadership, the important point pivoted from major technical advocacy to learning the complex 

commercial mechanics of the manner single-use assemblies are procured, stocked, and priced in a 

exceedingly regulated life sciences marketplace (Langer, 2023). 

1.6 Platinum-Cured Silicone Tubing 

Platinum-cured silicone is the gold standard for high-purity fluid switch in biopharmaceutical 

manufacturing. unlike peroxide-cured alternatives, the platinum-catalysis process creates a 

cleanser, non-leaching polymer community with out toxic residual with the aid of-products. This 

intense degree of chemical inertness is essential to retaining the safety and stability of ultra 

sensetive organic drugs (Elastostar Rubber corporation, 2025). 

Technical Specifications 

Engineered for reliability, this material balances mechanical durability with absolute fluid purity, 

meeting the stringent requirements of GMP environments. 

 

Metric Bioprocessing Advantage 

Purity Profile Minimal extractables; no peroxide residue. 

Pump Life Good resilience in peristaltic pump heads. 

Thermal Range Depends on diffrent shore value  

Surface Integrity Ultra-smooth bore minimizes biofilm attachment. 

Regulatory USP Class VI and ISO 10993 compliant 

 
Table 3 Information about silicon tubing (Ace Sanitary, 2026) 

Operational Value 

In industrial practice, this tubing is preferred for critical applications including media transfer, 

asecptic sampling, and fill-end strains. Its excessive transparency allows for actual-time visible 
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inspection of fluied flow, even as its mechanical balance guarantees consistent flow fees across 

long-duration processing cyccles. by taking off contamination risks associated with residue-heavy 

things, it simmplifies the validation process for pharmaceutical production.(Ace Sanitary, 2026). 

1.7 Thermoplastic Elastomer (TPE) Tubing 

Thermoplastic Elastomer (TPE) tubing is a foundation of next-generation single-use bioprocessing, 

providing a new gen combination of the elasticity of rubber and the processability characteristics 

of plastics. TPE is a thermoplastic and can be melted and remoulded even when exposed to 

controlled heat, unlike thermoset materials such as silicone. This system allows for sterile welding 

and heat sealing, which is, important for Understanding and maintaing closed-system integrity in 

aseptic production. wiithout the need for expensive mechanical sterile connectors (Cole-Parmer, 

2026). 

. 

Technical Specifications 

TPE is designed to deliver stable mechanical performance and easse of design fabrication, making 

it a very good candidate for modular, single-use manifold applications. 

Metric Bioprocessing Advantage 

Weldability Allows aseptic path creation directly on the production floor. 

Sealability Can be heat-sealed for safe, sterile fluid containment. 

Flexibility Mimics rubber elasticity for reliable peristaltic pump performance. 

Gas Barrier Superior resistance to gas transmission compared to silicone. 

Regulatory USP Class VI and ISO 10993 compliant (Aseptic Group, 2025). 

 
Table 4  Information about TPE Tubing.( (Dupont, 2025) 

Operational Value 

In industrial practice, TPE tubing is the preferred answer for multi-product centers requiring fast 

method changeovers. due to the fact it can be sterile-welded to different TPE components, it 

affords an agile, value-powerful alternative to inflexible, fixed-piping infrastructure. This ability 
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to shape the "ad-hoc" aseptic connections minimizes the problem of move-infection and majorly 

reduces the time and expense related to conventional cleansing validation (cleaning-in-

place/Sterilization-in-vicinity) (Dupont, 2025). furthermoree, its compatibility with gamma 

irradiation guarantees it arrives pre-proven and geared up for integration into complicated, single-

use containment assemblies. 

1.8 Fluorinated Ethylene Propylene (FEP) Tubing 

Fluorinated Ethylene Propylene (FEP) is a excessive-overall perrformance fluoropolymer prized 

for its closse to-regular chemical resistance and super purity. As a very fluorinated material, its 

molecular shape—characterised by ussing way of carbon-fluorine bonds—is surprisisngly stable, 

ensuring the tubing does no longer require stabilizers or plasticizers that might leach into touchy 

pharmaceutical formulations (Polyfluor, 2026). on the same time as stiffer than silicone or TPE, 

FEP affords the highest diploma of inertness available for stressful fluid control. 

Technical Specifications 

FEP is engineered for environments where chemical compatibility and broad temperature tolerance 

are non-negotiable requirements. 

Metric Bioprocessing Advantage 

Chemical Inertness Resistant to virtually all solvents, acids, and bases. 

Purity No additives, fillers, or plasticizers; ultra-low extractables. 

Gas Barrier Excellent resistance to gas and moisture permeation. 

Thermal Range Stable performance from cryogenic to high heat (+200°C). 

Clarity 
High transparency for reliable real-time visual flow 

monitoring. 

 
Table 5 Information about FEP  



  
 

12 
 

Operational Value 

In industrial exercise, FEP is the preferred choice for packages where fabric degradation poses a 

high danger to prooduct quality. it is broadly applied in analytical instrumentation, high-pressure 

transfer lines, and transport systems for aggressive chemicals. because of its stress, FEP, is usually 

used for static fluid transfer or vaccum pumping in place of peristaltic pumping. Its non-stick, low-

surface-strength profile in addition ensures that high-price organic products circulate through the 

glide course with minimal adhesion or "useless-leg" accumulation, notably simplifying vital 

cleansing or unmarried-use validation protocols (Polyflon technology, 2026). 

 

1.9 LLDPE Single-Use Bioprocess Bags 

single-use bioprocess bags utiilize an advanced multilayer film architecture, with Linear Low-

Density Polyethyleene (LLDPE) in general serving as the crucial  safe fluid-contact layer. This 

layout leverages the particular molecular the shape of LLDPE—a linear polymer with quickk 

branche, to acquuire the most fulfillling stability of strructural tougghness, chemical inertness, and 

excessive-purity, overall performance required for the coping with of sensitive organic fluids 

(Saint-Gobain, 2026). 

Multilayer Film Architecture 

The performance of these bags relies on the synergistic function of multiple polymer layers, each 

engineered for a specific role in maintaining product integrity. 

Film Layer 
Primary 
Function 

Scientific Rationale 

Contact Layer 
(LLDPE) 

Biocompatibility 
Inert surface ensures minimal 
extractables/leachable. 

Barrier Layer (EVOH) Gas Barrier 
Prevents oxygen/CO2 permeation to protect 
proteins. 

Strength Layer 
 (Nylon/PE) 

Mechanical 
Toughness 

Provides puncture resistance and structural 
durability. 
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Tie Layers Adhesion 
Ensures integrity between non-compatible 
polymer films. 

 

Table 6  Information about FEP (Sigma-Aldrich, 2026) 

Technical Specifications 

Designed after keeping the usage of biopharmaceutical manuffacturing, these bags offer a pre-

sterilized, closed-gaddget surroundings that replaces the need for cleaning -in-place(CIP) and 

sterilization-in-place(SIP) protocols. 

 Purity: free of any type of animal-derived compponents, ensuring method safety (Sigma-

Aldrich, 2026). 

 Sterilization: validated for gamma irradiation, making sure the machinee is prepared for 

immediate use upon arrival. a sticker indication for gama sterlization in outer bag. 

 physical Integrity: Designed with high seam, energy and puncture resistance to revent 

catastrophic huge batch loss at some point of transit or garage (Cole-Parmer, 2026). 

 Regulatory: completely compliant with USP, magnificence VI and ISO 10993 

requirements, helping rigorous cGMP validation requirements (Corning, 2026). 

Operational Value 

In commercial practice, these bags allow rather flexible, modular bioprocessing. Their "suit-to-

method" availability in volumes starting from 50 mL to three,20000 L lets in producers to scale 

operations unexpectedly without capital-in depth infrastructure. via eliminating the verynecessity 

for substantial clean validation, they notably reduce turnaround instances in multi-product centers, 

thereby improving overall throughput and lowering the danger of cross-infection (ILC Dover, 

2026). 

1.10 Synthesizing Experience: The Bridge from Academia to Industry 

In commercial practice, these bags allow rather flexible, modular bioprocessing. Their "suit-to-

method" availability in volumes starting from 50 mL to three,20000 L lets in producers to scale 

operations unexpectedly without capital-in depth infrastructure. via eliminating theThe 

culmination of this foundational phase rests on the combination of theoretical biotechnological 

expertise with the realities of business area operations. My transition from the educational 
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surroundings in Chandigarh to the heart of the biomanufacturing atmosphere in Bengaluru, and in 

the end to the economic frontlines of Maharashtra, has provided a completely unique, twin-lens 

perspective on the world. 

by using grounding my knowledge in the material technology of excessive-purity polymers—

silicone, TPE, FEP, and LLDPE—I moved all of the past the summary principles of bioprocessing 

to comprehend the mechanical and financial levers that power pharmaceutical production. The 

enjoy of navigating various business clusters, mapping active manufacturing sites, and figuring 

out critical provider gaps has clarified that the true fee of business improvement lies in consultative 

technical advocacy. 

ultimately, this adventure has converted my approach from a easy issuer of additives right into a 

strategic partner capable of solving complicated operational bottlenecks. by leveraging the agility 

of custom single-use assemblies to triumph over the provider gap of lengthy lead instances, i've 

observed how localized technical assist and deliver chain responsiveness at once have an impact 

on the achievement of biologics manufacturing .  

This immersion has mounted a robust framework for exxpert practice, ensuring that my destiny 

contrixabutions to the lifestyles sciences region are knowledgeable via both rigorous tecchnical 

fluency and a deep, areax-examined know-how of business dynamics (Cobetter, 2026). very 

necessity for substantial cleaand clean validations, they notably reduce the turnaround instances in 

multi-product centers, that to improving overall process and lowering the danger of cross-

contamination. 
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                                                                                                     OBJECTIVES      

1. To understand the technical aspects, applications, and manufacturing processes 
associated with Single-Use Bag Assemblies (SUBA) and filtration products in the 
pharmaceutical and biopharmaceutical industry. 

2. To identify and map potential customer accounts across major pharmaceutical 
manufacturing clusters through systematic market research and customer 
profiling. 

3. To evaluate customer requirements, procurement practices, and competitor 
presence to gain insights into market dynamics and business opportunities. 

4. To generate and qualify prospective business leads through market intelligence, 
technical discussions, and customer engagement, thereby supporting strategic 
business development initiatives. 
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CHAPTER 2                                                        REVIEW OF LITERATURE 

2.1 The Paradigm Shift: Stainless Steel to Single-Use Systems 

The biopharmaceutical process landscape is undergoing a vast transformation, moving far from 

older stainless-steel infrastructure toward flexible, modular single-Use Systems / 

Assemblies(SUS/A). historiccally, productionn relies on hard-piped, stainless steel bioreactors and 

distribution networks. while long time, those structures impose vast operational bottlenecks, 

requiring exhaustive cleaning-in-placee(CIP) and Steam-in-place(SIP) validation 

processes(Langer, 2023). these processes consume significant portions of Water for Injection 

(WFI), chemical detergents, and thermal energy, regularly halting manufacturing traces for days 

or even weeks which delay the production.Zhang et al., 2021). 

 

Conversely, single-Use systems—comprising gamma-irradiated Single use polymer bags, 

customized tubing, and disposable filters—have revolutionized bioprocessing by disposing of the 

fluid-contact pathway after every batch (Pazmiño et al., 2021). This shift reduces capital 

expenditure (CapEx) by means of eliminating the need for dedicated steam and water infrastructure, 

as a substitute shifting charges to operational expenditure (OpEx) thru routine consumable use (Joi 

et al., 2024). industry facts shows that facilities making use of SUS can reduce turnaround times 

by using as much as 40% as compared to conventional systems, at once improving agility in multi-

product environments along with those desired by using contract production organizations (Ye et 

al., 2024). 

2.2 Material Science: Platinum-Cured Silicone vs. TPE 

The integrity of SUS/SUA Complies upon totally at the material technology of its additives, 

specifically fluid-transfer tubing. Platinum-cured silicone is still the industry benchmark for 

Extreme-purity fluid transfer, prizzed for its amazing elastomeric capabilites, low compression set, 

and biocompatibility (Guan et al., 2025). not like peroxide-cured versions, which can be introduce 

leachable residuues into the technique of circulation, the platinum-catalysis system creates a much 

cleaner, extra inert polymer network (Langer, 2023). 

Thermoplastic Elastomers (TPE) includes a essential intellegent innovation in this area. TPE 

combines the elasticity of rubber with thermal capability of plastic, enabling sterile welding and 
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heat-sealing at once on the production floor (Joi et al., 2024). This assets lets in for the creation of 

"ad-hoc" aseptic connections with out costly mechanical connectors, thereby maintaining closed-

system integrity in complex manifolds. the subsequent table highlights the comparative strengths  

of these materials in modern bioprocessing:- 

Material 
Primary 
Property 

Bioprocess 
Application 

Sterilization 

Platinum Silicone 
High Peristaltic 
Resilience 

Pump heads, 
sampling 

Autoclave, 
Gamma, EtO 

TPE 
Sterile 
Weldability 

Fluid transfer 
manifolds 

Gamma, 
Autoclave 

FEP 
Extreme 
Chemical 
Inertness 

Aggressive 
solvent 
transfer 

Autoclave, 
Gamma 

 

Table 7 Diffrent tubing  MOCs (Pazmiño et al., 2021): 

2.3 Regulatory Benchmarks and Quality Assurance 

regardless of their disposable feature, single-use system must meet rigorous regulatory standards 

to make certain affected patient safety. Validation is there in several key international 

standards .(Pazmiño et al., 2021): 

USP class VI: The primary standardss which is for whole organic reactivity, confirming that 

materials do now not elicit systemic or toxicity (Ye et al., 2024). 

ISO 10993: A whole framework for evaluating in the biocompatibility of medical devices, 

masking the cytotoxicity, sensitization and l fluid contact outcomes (Zhang et al., 2021). 

 

FDA 21 CFR 177.2600: important compliance for elastomers utilized in pharmaceutical contact, 

making sure less extractables under system regulations. 

As regulatory guidelines intensifies, there can be a ongoing fashion closer to "Regulatory-

organized" documentation, wherein the producers provide pre-compiled documents that simplify 

the complete submission technique for drug sponsors. This proactive compliance is a major using 

forcee for transferring toward the single-use technology in the manufacturing of monoclonaal 
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antibodies (mAbs) and biosimilars, which dominate the cutting-edge biopharmaceutical 

process(Joi et al., 2024). 

2.4 Understanding How We Connect: Sterile Connectors 

think of a sterile connector as the "handshake" between two different portions of single-use 

equipment. in the old days, you had to use complex, steel-heavy piping to transport liquids from a 

tank to a clear out. if you didn't clean that steel flawlessly, you risked ruining the complete batch. 

these days, we use plastic sterile connectors that permit you to click two bags or tubes collectively 

in a everyday room, without annoying approximately germs getting inside (Langer, 2023). 

Those connectors are clever. They commonly have a small, protecting membrane or a "peel-away" 

layer that continues the internal sterile until you are prepared to sign up for them. once you join 

them, that sterile barrier is broken inside a sealed area, creating a really perfect pathway to your 

medicinal drug. studies shows that because those are often made from polycarbonate and silicone, 

they are hard enough to handle being irridated by gamma rays for sterilization without breaking 

down (Joi et al., 2024). 

Connection Type How It Works Why Use It? 

Mechanical Couplers 
Click-and-seal 
mechanism 

Best for quick bag-to-bag moves 

TPE Welders 
Heat-fusing 
plastic tubes 

Perfect for custom setups on the 
floor 

Disposable Valves Integrated shut-off Great for controlling flow speed 

 
Table 8  Sterile Connectors overview (Pazmiño et al., 2021) 

 

2.5 The "Extractables and Leachables" Puzzle 

Extractables are chemicals that could come out of the plastic if we use harsh situations, like very 

excessive heat or sturdy solvents. 

Leachables are the ones that really circulate into the drugs at the same time as it’s sitting inside the 

bag throughout normal use (Pazmiño et al., 2021). 
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manufacturers add things to plastic—like antioxidants or stabilizers—to make certain the bags 

don't crack or melt. but those additives can on occasion sneak into the drug. That’s why we check 

these materials so carefully. for example, if you are the use of silicone tubing, we search for some 

thing referred to as "cyclic siloxanes." If we see too many of them, we recognize we want a 

distinctive form of tubing (Zhang et al., 2021). It’s all about maintaining the drug natural from the 

moment it’s made to the moment it’s given to a affected person. 

2.6 Filters: The Gatekeepers of Purity 

finally, we've got to talk about filters. those are the unsung heroes of bioprocessing. They act like 

a sieve that catches bacteria and impurities but we could the great things (your protein or drug) 

pass via. 

PES (Polyethersulfone): this is the industry preferred. It’s like a superb-rapid highway for liquid. 

It’s "hydrophilic," that is just a fancy manner of saying it loves water, so the liquid flows through 

actually smoothly without the protein getting caught at the clear out partitions (Joi et al., 2024).  

PE (Polyethylene): We often use this for the first round of cleansing (pre-filtration). It’s high-

quality at catching the massive, nasty gunk so your final clear out does not get clogged up. 

PTFE (Polytetrafluoroethylene): this is the hard guy. It’s water resistant and really chemically 

resistant. We use it mostly for gas venting—it we could air in or out bt maintains any liquid or 

micro organism trapped at the proper aspect (Ye et al., 2024). 

2.7 Scaling Up: The Evolution of India’s Biomanufacturing 

from 2026, India’s role will be huge in, global biopharmaceutical market is shifted from being a 

major producer of generics to a place for high-class, commplex biologics (department of 

Biotechnology, 2026). This transition isn't unintentional; it's miles driven by means of an influx of 

capital and a strategic push to bridge the divide between academic studies and commercial-scale 

manufacturing. while huge-scale plants have traditionally described the industry, the contemporary 

venture lies in scaling tactics efficiently with out sacrificing fine or breaking the financial 

institution. 

In exercise, scaling up is increasingly more about adopting "clever" production practices. 

companies are integrating modular, single-use bioreactors with actual-time IoT monitoring to 

preserve yields predictable even as minimizing human intervention. in keeping up with modern 
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organization critiques, this agility is importan tfor organizations aiming to provide biosimilars and 

monoclonal antibodies (mAbs) , wherein the potential to change production brief may be the 

difference among profit and loss (BioPharma APAC, 2026). because the India BioEconomy record 

2026 notes, the betterment of "bio-enabler" centers—in which startups can introducte their 

strategies at scale—is now a crucial step in de-risking the huge funding required to build complete-

scale production plants (affiliation of Biotechnology Led enterprises, 2026). 

2.8 Material of Construction (MOC): The Auditor’s Checklist 

in case you sit down down with a quality assurance (QA) auditor, they'll possibly inform you that 

the material of construction (MOC) statement is the maximum vital report inside the plant. In a 

GMP-certified environment, you can not certainly choose substances based on performance; you 

want a paper path that proves protection. The MOC announcement serves as an professional 

guarantee from the issuer that their fabric is appropriate for high-purity use. 

major elements that auditors look in these files consist of: 

 

ADCF Compliance: An announcement confirming the material is free of animal-derived additives, 

which reducess the risk of bovine-related diseases. 

Corrosion and Integrity: For metallic, components, evidence that the production will not degrade, 

that may result in batch, contamination (Pharma Machineries, 2022). 

Chemical Inertness: For plastics and polymers, providers ought to offer evidence that the cloth 

will no longer leach additives into the product stream—a threat that becomes greater suggested all 

through high-warmth or acidic processing steps. 

essentially, each issue, from a large stainless-steel tank to a small piece of silicone tubing, have to 

have a validated MOC. with out this path, it's far impossible to validate a process for human 

medicinal drug, making it a foundational requirement for any "Regulatory-prepared" facility 

(Pharmavalidation), 2026). 
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Figure 3  -Material validation workflow (Shukla & Gottschalk, 2013). 

2.9 Sustainability as a Strategic Pillar 

by way of the use of 2026, sustainability has moved beyond a employer slogan to become a useful 

requirement in manufacturing. The shift closer to single-use technology (SUT) performs a number 

one function here.centers can significantly lessen their average carbon and water footprint via 

substituting disposable, pre-sterilized additives for electricity-extensive and water-extensive 

cleaning cycles (CIP/SIP) (custom marketplace Insights, 2026). 

The industry is moving closer to a "virtual-first" mind-set that is going past waste reduction. as an 

alternative of actually responding to a failure, predictive preservation, which is supported by 

statistical analytics, allows operators to anticipate while an detail would possibly fail before it in 

reality happens. further to turning into greater environmentally pleasant, Indian producers are 

building the resilience needed to manage the complexity of modern-day globalized supply chains 

as we combine this virtual precision with the potential of single-use systems (association of 

Biotechnology Led enterprises, 2026). 

2.10 Material of Construction (MOC) Selection in Single-Use Bioprocessing Systems 

the selection of material of construction (MOC) is one of the maximum important decisions at 

some stage in the design and qualification of single-use bioprocessing systems. In current 
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biopharmaceutical production, system fluids consisting of cellular lifestyle media, buffers, 

vaccines, monoclonal antibodies (mAbs), recombinant proteins, and viral vectors continue to be 

in direct contact with polymeric substances for extended durations. Any interaction among those 

materials and the product movement can probably affect product fine, system performance, patient 

safety, and regulatory compliance (Shukla & Gottschalk, 2013). 

historically, stainless-steel dominated pharmaceutical manufacturing because of its tremendous 

durability, corrosion resistance, and simplicity of cleaning. but, the emergence of bendy production 

facilities and multi-product production environments has extended the adoption of polymer-

primarily based single-use technology. not like stainless steel systems, which require enormous 

cleansing-in-place (CIP) and Sterilization-in-place (SIP) tactics, single-use assemblies put off 

cleaning validation requirements through changing the entire fluid-touch pathway after each 

manufacturing campaign (Pazmiño et al., 2021). 

The suitability of a fabric for bioprocessing programs depends upon multiple elements such as 

chemical compatibility, extractables and leachables profile, sterilization resistance, mechanical 

integrity, gasoline permeability, thermal stability, and regulatory attractiveness. therefore, 

pharmaceutical producers appoint a threat-based totally approach whilst choosing materials for 

product-contact applications. 

 

Key Considerations During MOC Selection 

The number one objective of MOC evaluation is to ensure that substances preserve product 

integrity in the course of the producing lifecycle. numerous vital elements affect material selection: 

 

Chemical Compatibility 

materials have to face up to degradation when exposed to acids, alkalis, solvents, cleaning 

marketers, and technique buffers. Chemical incompatibility can result in polymer swelling, 

cracking, discoloration, or launch of contaminants into the product stream (Jenke et al., 2015).  

 

Mechanical performance 

single-use assemblies are subjected to transportation stresses, pressure fluctuations, peristaltic 

pumping, and extended garage. materials should consequently possess sufficient tensile energy, 
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flexibility, and puncture resistance to prevent failures all through operation. 

 

Sterilization Compatibility 

maximum single-use systems are sterilized using gamma irradiation. the chosen material must hold 

its physical and chemical properties after exposure to sterilization doses ranging from 25–50 kGy 

(Ding et al., 2010). 

 

Extractables and Leachables hazard 

Regulatory organizations increasingly recognition on potential contaminants that can migrate from 

polymeric materials into pharmaceutical products. comprehensive extractables and leachables tests 

have therefore grow to be mandatory additives of supplier qualification applications (Jenke et al., 

2015). 

 

Regulatory Compliance 

substances should observe recognized requirements along with USP class VI, ISO 10993, FDA 21 

CFR policies, and animal-derived issue-free (ADCF) necessities. 

 

Selection 
Parameter 

Importance in Bioprocessing Potential Risk if Ignored 

Chemical 
Compatibility 

Prevents polymer degradation and 
contamination 

Product instability 

Mechanical 
Strength 

Maintains integrity during 
processing 

Leakage and batch loss 

Sterilization 
Resistance 

Ensures performance after gamma 
irradiation 

Material degradation 

Extractables & 
Leachables 

Maintains product purity Toxic contamination 

Thermal 
Stability 

Supports storage and process 
conditions 

Structural failure 

Regulatory 
Compliance 

Facilitates product approval Regulatory observations 

Gas Barrier 
Properties 

Protects oxygen-sensitive biologics Protein degradation 

Biocompatibility Ensures patient safety Adverse biological effects 
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Table 9 Major Material Selection Criteria for Single-Use Systems (Saint-Gobain Bioprocess 
2022)  

Common Materials Used in Single-Use Bioprocessing 

A wide range of polymeric materials are utilized throughout biopharmaceutical manufacturing. 

Each material possesses unique advantages and limitations depending upon the intended 

application. 

Material Primary 
Application 

Major Advantages Limitations 

Platinum-
Cured 
Silicone 

Fluid transfer 
tubing 

Flexibility, transparency, low 
extractables 

High gas permeability 

TPE Weldable 
tubing 
assemblies 

Sterile welding capability Lower temperature 
resistance 

FEP Chemical 
transfer lines 

Excellent chemical resistance Reduced flexibility 

PTFE Aggressive 
chemical 
handling 

Universal chemical 
compatibility 

Difficult fabrication 

LLDPE Bioprocess 
bags 

Excellent biocompatibility Limited high-temperature 
resistance 

Polycarbonate Connectors 
and housings 

High strength and transparency Susceptible to certain 
solvents 

PES Sterilizing-
grade filters 

High protein recovery Sensitive to strong oxidizers 

PVDF Filtration 
membranes 

Broad chemical compatibility Higher protein binding 

 
Table 10  Common MOCs Used in Biopharmaceutical Manufacturing (ICH, 2023). 
 

Material Qualification Strategy 

present day pharmaceutical groups an increasing number of appoint quality risk management 

(QRM) concepts described in ICH Q9 at some stage in MOC selection. underneath this framework, 

substances are evaluated based on their ability effect on product first-class, process overall 

performance, and affected person protection.danger tests commonly consist of dealer audits, 

extractables research, sterilization validation, biocompatibility checking out, and lengthy-term 

stability reviews (ICH, 2023). 
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 A complete material qualification package commonly includes: 

 material composition disclosure 

 USP class VI certification 

 ISO 10993 biocompatibility reviews 

 Extractables testing review 

 Gamma irradiation validation critiques 

 Animal-derived factor-free declarations 

 alternate control agreements 

 provider tremendous agreements 

 

This documentation paperwork an crucial factor of regulatory submissions and is 

mechanically reviewed at some point of inspections carried out by means of the us food 

and Drug administration (US FDA), eu medicines agency (EMA), and distinct worldwide 

regulatory authorities. 

Importance of MOC in Modern Biopharmaceutical Manufacturing 

As biologics, gene treatments, and cellular therapies hold to expand globally, material choice is 

turning into increasingly more strategic. superior cures often contain tremendously sensitive 

organic molecules that are particularly at risk of contamination, adsorption, oxidation, and 

degradation. consequently, the selection of MOC extends past engineering issues and at once 

impacts product efficacy, affected person protection, and production economics. 

therefore, pharmaceutical manufacturers more and more view MOC selection as a 

multidisciplinary hobby concerning technique engineers, excellent guarantee employees, 

validation experts, toxicologists, and regulatory affairs professionals. A scientifically justified 

MOC method no longer handiest ensures compliance but additionally supports lengthy-time period 

process robustness and operational excellence. 
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Figure 4 Material validation workflow detailed (Shukla & Gottschalk, 2013). 

 

2.11 Global Regulatory Framework Governing Single-Use Systems in Biopharmaceutical 

Manufacturing 

The fast adoption of single-use systems (SUS) in biopharmaceutical manufacturing has notably 

transformed the regulatory landscape internationally. As disposable bioprocessing technology 

increasingly more replace traditional stainless steel infrastructure, regulatory government have 

emphasized the need for robust qualification, validation, and documentation practices to make 

certain product satisfactory and affected person protection.. Regulatory compliance is no longer 

limited to the finished pharmaceutical product but extends to each material and thing that comes 

into direct or indirect contact with the producing process (Shukla & Gottschalk, 2013). 

In contrast to traditional manufacturing equipment, single-use assemblies are composed of 

polymeric substances that may release extractable or leachable compounds under particular 

processing conditions. therefore, worldwide regulatory agencies require manufacturers to 

demonstrate that these substances do not adversely have an effect on the identity, power, first-class, 

purity, or efficacy of pharmaceutical products. Compliance with internationally recognized 
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standards additionally enables regulatory submissions across a couple of jurisdictions and 

simplifies technology transfer between production sites (Jenke et al., 2015). 

2.11.1 United States Food and Drug Administration (US FDA) 

the united states food and Drug administration (US FDA) regulates pharmaceutical production 

through current good manufacturing Practices (cGMP) mentioned under title 21 of the Code of 

Federal regulations (CFR). although there may be no regulation exclusively committed to single-

use systems, numerous provisions immediately govern their qualification and implementation. 

Below 21 CFR part 210 and 21 CFR part 211, producers are required to ensure that system and 

process-contact substances are correctly designed, maintained, and appropriate for their meant use. 

components used in production need to no longer regulate the protection, identity, strength, great, 

or purity of the final drug product (FDA, 2023). 

The FDA additionally recommends a lifecycle technique to system validation which include 

technique design, system qualification, and persevered method verification. single-use assemblies 

employed in crucial manufacturing operations have to therefore go through documented 

qualification and risk evaluation earlier than commercial implementation. 

furthermore, 21 CFR part 11 establishes necessities for virtual statistics and digital signaturee, 

makiing understanding of traceabbility of releaser of documentation, batch statistics, validation 

evaluations, and thee quality control st,tructures. virtual management of certificate of evaluation, 

extractables reviews, and trade notifications has become increasingly more crucial in modern-day 

pharmaceutical production centers. 

2.11.2 United States Pharmacopeia (USP) Standards 

the united states Pharmacopeia gives internationally identified standards for evaluating polymeric 

materials utilized in pharmaceutical manufacturing. Compliance with USP standards is extensively 

standard with the aid of regulatory businesses and pharmaceutical companies worldwide. 

 

the various most of standards are: 

USP <87> biological Reactivity tests, In Vitro, which checks the capability of polymeric 

substances using cultured the ,mammalian cells. 
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USP <88> biological Reactivity checks, In Vivo, which assesses systemic, toxicity, intracutaneous 

reactivity, and im,plantation outcomes in laboratory animals. 

USP <665> Plastic components and structures Used to fabricate Pharmaceutical Drug products, 

which affords steerage on the chemical characterization and qualification of polymeric materials 

used in manufacturing systems. 

USP <1665> Characterization and Qualification of Plastic components and structures Used to 

manufacture Pharmaceutical Drug products, which outlines a science-primarily based hazard 

assessment approach for evaluating extractables, leachables, process compatibility, and supplier 

documentation. 

these standards are anspire who manufacturers to undertakee comprehensive material 

characterization, tests that combine all the laboraatory testing with toxicological chance 

assessment and understanding qualification (USP, 2023). 

2.11.3 ISO Standards for Biocompatibility and Sterilization 

The international organization for Standardization (ISO) has evolved several requirements 

applicable to polymeric materials utilized in single-use technology. 

ISO 10993 provides a framework for biological evaluation of medical tool materials, consisting of 

cytotoxicity, sensitization, irritation, and systemic toxicity testing. although initially developed for 

scientific devices, ISO 10993 testing is significantly applied for pharmaceutical process-contact 

materials to demonstrate biocompatibility. 

another important standard is ISO 11137, which specifies requirements for radiation sterilization 

using gamma irradiation and electron beam technologies. since many disposable bioprocess 

assemblies are sterilized by using gamma irradiation earlier than shipment, compliance with ISO 

11137 ensures that sterilization strategies achieve the specified sterility guarantee level without 

compromising material integrity. 

similarly, ISO 13485 establishes satisfactory management necessities for manufacturers 

generating medical and pharmaceutical components, selling regular manufacturing and powerful 

great warranty systems. 
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2.11.4 BioPhorum (BPOG) Recommendations 

The BioPhorum Operations group (BioPhorum) has emerged as one of the maximum influential 

industry organizations in growing standardized procedures for evaluating single-use technology. 

even though BioPhorum steering files aren't legally binding, they may be broadly accepted by both 

equipment providers and pharmaceutical manufacturers. 

BioPhorum has mounted standardized extractables testing protocols that designate solvent 

selection, extraction situations, analytical methodologies, and reporting requirements for 

polymeric materials. Adoption of these protocols allows simpler assessment among merchandise 

from exclusive providers even as decreasing duplicate checking out efforts. 

 

Many international pharmaceutical companies now require BioPhorum-compliant extractables 

applications in the course of provider qualification due to the fact they facilitate regulatory 

submissions and improve self belief in material safety assessments (Jenke et al., 2015).  

2.11.5 PDA Technical Reports and Industry Guidance 

The Parenteral Drug association (PDA) has published severa technical reviews focusing on 

contamination control, aseptic processing, and implementation of single-use technologies. PDA 

guidance emphasizes clinical risk evaluation, provider collaboration, trade management, and 

lifecycle tracking as critical components of a success single-use system deployment. 

 

these recommendations complement existing regulatory requirements by using offering sensible 

techniques for qualification, procedure validation, and non-stop tracking for the duration of the 

operational lifecycle. 

Regulatory 
Standard 

Organization Primary Focus Relevance to Single-Use Systems 

21 CFR Part 
210 

US FDA cGMP requirements Manufacturing controls 

21 CFR Part 
211 

US FDA Drug product quality Equipment suitability 

21 CFR Part 
11 

US FDA Electronic records Documentation and traceability 

USP <87> USP In vitro 
biocompatibility 

Cytotoxicity testing 
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USP <88> USP In vivo biological 
reactivity 

Material safety evaluation 

USP <665> USP Plastic manufacturing 
systems 

Material qualification 

USP <1665> USP Risk-based 
characterization 

Extractables and leachables 

ISO 10993 ISO Biological evaluation Biocompatibility assessment 
ISO 11137 ISO Radiation sterilization Gamma sterilization validation 
ISO 13485 ISO Quality management Supplier quality systems 
BioPhorum 
Protocols 

BioPhorum Standardized 
extractables testing 

Supplier qualification 

 

Table 11 Comparative Overview of Major Global Standards (EMA, 2022) 

Significance of Regulatory Compliance in Single-Use Manufacturing 

Regulatory compliance isn’t just about paperwork anymore—it’s become a core part of how 

pharmaceutical companies operate. These days, biologics are delicate. Even tiny traces of 

contaminants from the materials used during manufacturing can throw things off. Because of that, 

regulators demand more than just basic checks. Companies need solid, science-backed 

qualification processes. That means thorough extractables studies, toxicology reviews, supplier 

audits, and consistent risk management throughout a product’s life. 

As biopharma moves into new areas like monoclonal antibodies, cell and gene therapies, keeping 

FDA rules, USP standards, ISO guidelines, and industry best practices in sync matters more than 

ever. The companies that build strong regulatory systems don’t just keep patients safer—they run 

their factories more efficiently, get their products approved faster on the global stage, and stay 

ahead of shifting compliance demands. 

2.12 European and Indian Regulatory Framework Governing Single-Use Systems 

Single-use systems (SUS) are becoming more common in biopharmaceutical manufacturing, and 

that’s pushed regulatory authorities around the world to tighten up their guidelines for quality, 

safety, and consistency. The appeal is clear: single-use tech cuts down on cleaning, lowers 

contamination risks, and gives manufacturers more flexibility. But, it brings its own set of 

problems too—things like figuring out if polymers are compatible, managing extractables and 

leachables, making sure sterilization works, and vetting suppliers. So, regulators in places like 
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Europe and India have started using risk-based methods to evaluate and implement disposable tech 

in manufacturing (Shukla & Gottschalk, 2013; Jenke et al., 2015). 

2.12.1 European Regulatory Framework 

In the European Union, EudraLex Volume 4 lays out the rules around pharmaceutical 

manufacturing, focusing on Good Manufacturing Practices (GMP) for both human and veterinary 

medicines. There isn’t a regulation devoted just to single-use technologies, but several sections 

deal directly with their qualification and use, especially for sterile manufacturing. The guidelines 

zero in on validating equipment, preventing contamination, qualifying suppliers, and managing 

quality throughout the equipment’s lifecycle. The goal is simple: keep manufacturing systems 

reliable and make safe products every time (European Medicines Agency [EMA], 2022). 

 

Annex 1 of the EU GMP got a major update in 2022 and honestly, it changed a lot. Contamination 

control is now front and center, along with risk management, environmental monitoring, and 

process validation. Disposable assemblies are quickly replacing old stainless-steel setups, 

especially for aseptic work. So, manufacturers have to prove their single-use systems keep things 

sterile and don’t leave anything unwanted behind—no extra chemicals or random particles (EMA, 

2022). 

Now, Annex 1 isn’t just about fixing problems after they happen; it pushes manufacturers to get 

ahead of contamination issues. They need to understand supplier qualification, material checks, 

validation is for sterilization, and controls for transportation and change management into one big 

contamination control plan. This way, the whole process stays tight, product quality goes up, and 

companies stay compliant (EMA, 2022; Jenke et al., 2015). 

2.12.2 Equipment Qualification under EU GMP 

European GMP says all equipment gets qualified—including disposable stuff—before it hits the 

production floor. The steps are pretty set: Design Qualification (DQ), Installation Qualification 

(IQ), Operational Qualification (OQ), and Performance Qualification (PQ). Even if suppliers hand 

over assemblies already qualified, the drug manufacturer’s still responsible for making sure they 

actually fit the process and for keeping proof that they do (ICH, 2023). 
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Risk assessment matters most here. Manufacturers do look at how materials react together, 

sterilization methods, storage cond,itions, pressure ratings, and possible extractables before saying 

yes to single-use parts for regular production. They keep monitoring and go over their suppliers 

regularly to keep the process steady—helping products stay consistent as things move forward 

(Shukla & Gottschalk, 2013; ICH, 2023). 

Regulatory 

Guideline 

Primary Focus Relevance to Single-Use 

Systems 

EU GMP 
Annex 1 

Manufacture of sterile medicinal products Contamination control 
and sterility assurance 

EU GMP 
Annex 15 

Qualification and validation DQ, IQ, OQ and PQ of 
disposable assemblies 

ICH Q9(R1) Quality Risk Management Risk-based qualification 
and supplier assessment 

ICH Q10 Pharmaceutical Quality System Lifecycle quality 
management 

EudraLex 
Volume 4 

Good Manufacturing Practices Overall GMP compliance 

 

Table 12  Major European Regulatory Requirements Relevant to Single-Use Systems (CDSCO, 
2024).2.12.3 Indian Regulatory Framework 

India’s become a real force in the world of pharmaceuticals. They produce vaccines, biosimilars, 

generics, and active pharmaceutical ingredients by the truckload. But when it comes to quality—

especially for products headed overseas—they don’t mess around. India sticks to the Drugs and 

Cosmetics Act of 1940 and the Drugs and Cosmetics Rules from 1945, with the Central Drugs 

Standard Control Organization (CDSCO) keeping everything in check. 

The updated Schedule M took things up a notch for Good Manufacturing Practices. Now, it’s all 

about solid quality management, proper record keeping, contamination control, making sure the 

equipment is up to scratch, training people well, and handling risk. Schedule M doesn’t specifically 

mention single-use technologies, but its rules still apply to every piece of equipment and material 

in pharmaceutical manufacturing (CDSCO, 2024). 

The updated guidelines now require manufacturers to spell out how they qualify suppliers, validate 

equipment, handle preventive maintenance, and manage any changes. That’s a big deal for single-

use assemblies. You have to keep your polymer batches consistent, make sure sterilization is 
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airtight, and maintain solid supplier documentation. These details aren’t just paperwork—mess 

them up, and you risk product quality or getting blocked during regulatory reviews (CDSCO, 

2024). 

2.12.4 Relevance of Schedule M for Single-Use Technologies 

Biologics manufacturing is on the rise in India, and single-use tech is now a fixture—from 

upstream processing to downstream purification, media prep, buffer storage, and aseptic filling. 

When manufacturers go this route, they need to make sure every disposable part is qualified, 

traceable, and backed by thorough documentation. 

We’re talking certificates of analysis, sterilization validation reports, declarations on what 

materials were used, studies on extractables and leachables, supplier agreements, and solid change 

notification procedures. Keeping all the paperwork tidy makes regulatory inspections much easier 

and paves the way for exports to tough markets like those overseen by the US FDA and EMA 

(Jenke et al., 2015; Shukla & Gottschalk, 2013). 

 

Parameter US FDA European Union India 

Good 
Manufacturing 
Practice 

21 CFR Parts 210 
& 211 

EudraLex Volume 4 Schedule M 

Equipment 
Qualification 

Mandatory Mandatory Mandatory 

Quality Risk 
Management 

FDA Guidance ICH Q9 Integrated Adopted under 
revised GMP 

Supplier 
Qualification 

Required Required Required 

Documentation 
Control 

21 CFR Part 11 Annex 11 GMP Documentation 

Contamination 
Control Strategy 

Recommended Explicitly Required Increasingly Adopted 

Validation of 
Disposable 
Systems 

Expected Expected Expected 

 

Table 13 Comparison of Major Regulatory Expectations (Jacquemart et al., 2016). 



  
 

34 
 

 

2.12.5 Importance of Regulatory Harmonization 

Pharmaceutical manufacturing isn’t just local anymore—it’s a global game. Regulatory agencies 

across the world need to speak the same language, or at least compare notes, if companies want to 

get drugs from the lab to patients without endless red tape. Take Indian manufacturers, for 

example; they supply to Europe and North America all the time. They can’t afford to tailor 

everything for each region—they’ve got to follow several regulatory playbooks at once just to stay 

in business. 

That’s where standardized qualification protocols come in, along with risk-based validation and 

globally accepted methods for material characterization. These approaches make regulatory 

submissions less of a headache and cut down on running the same tests over and over. But here’s 

the thing: rolling out single-use technologies isn’t just about nailing the engineering. It takes huge 

regulatory strategys and non-stop focus to quality, right from design through manufacturing to the 

end of a product’s life (Shukla & Gottschalk, 2013; Jenke et al., 2015; EMA, 2022). 

 

2.13 Market Dynamics of Single-Use Technologies in the Global and Indian Biopharmaceutical 

Industry 

Over the past twenty years, biopharmaceutical companies have completely changed how they 

make drugs, all thanks to single-use technologies. What started out as a handy solution for lab 

work now sits at the heart of commercial manufacturing. Disposable systems let companies stay 

nimble, keep costs down, and cut the risk of contamination. As demand balloons for biologics, 

biosimilars, vaccines, cell and gene therapies, everyone’s ditching old stainless-steel setups in 

favor of these modern, throwaway platforms (Shukla & Gottschalk, 2013). 

One big reason for this switch? Manufacturers want flexibility. They need facilities that crank out 

more than one product at a time. Stainless steel systems gobble up time and money with their 

endless cleaning and sterilization routines—each batch means another round of cleaning-in-place 

and sterilization-in-place, piled onto downtime and expenses. Single-use setups take away all that 

cleaning hassle. After each batch, you simply swap out the parts that touched the product. No need 
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for cleaning validations. That speeds things up a lot, and you get more out of each facility 

(Jacquemart et al., 2016). 

On top of those operational perks, improvements in polymers and manufacturing have made 

disposable gear way more reliable and scalable. Now, bioreactors, tubing, connectors, filters, and 

storage bags—all single-use—are staples in large-scale production of monoclonal antibodies and 

recombinant proteins. Manufacturers and regulators trust these technologies more than ever, so 

they’re everywhere now (Langer & Rader, 2021). 

2.13.1 Global Market Scenario 

This shift has sparked explosive growth in the global single-use bioprocessing market. Biotech 

investments are up, and the demand for manufacturing biologics keeps rising. Companies that 

specialize in contract work—CDMOs and CMOs—lead the way. Single-use tech makes it easy for 

them to switch between products fast, without spending a fortune on infrastructure. 

Industry forecasts say the market isn’t slowing down anytime soon. We’re looking at double-digit 

annual growth rates, fueled by more personalized medicines, new vaccines, and advanced therapies. 

When COVID-19 hit, the need for quick, flexible manufacturing was obvious. Vaccine producers 

focuses heavily on single-use systems to level up production and meet with global demand and 

supplies. (Langer & Rader, 2021; Jacquemart et al., 2016). 

Big industry players like Sartorius, Cytiva, Thermo Fisher Scientific, Merck Millipore, Danaher, 

Saint-Gobain Life Sciences and Avvantor came through with a full range of options—from Single 

use ebioreactors to tailored fluid-management solutions. Every company brings something unique, 

which keeps things lively and makes the whole market more competitive. 

Company Core Product Portfolio Primary Strength 

Saint-Gobain 
Life Sciences 

Tubing, bioprocess bags, fluid transfer 
assemblies 

Custom single-use solutions 

Sartorius Bioreactors and filtration systems Integrated upstream 
processing 

Cytiva End-to-end bioprocess solutions Comprehensive SUS platform 
Thermo Fisher 
Scientific 

Disposable process equipment Large-scale manufacturing 
support 

Merck 
Millipore 

Filtration and purification technologies Downstream processing 
expertise 
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Avantor Process materials and chemicals Laboratory and production 
integration 

 

Table 14 Major Global Suppliers of Single-Use Technologies (Jacquemart et al., 2016).  

2.13.2 Indian Market Scenario 

India’s really made a name for itself in the global pharmaceutical scene. It’s not just about making 

generic drugs anymore—now the country is flexing its muscles in biologics and biosimilars too. 

The government keeps pushing biotech innovation, boosting vaccine manufacturing, and pouring 

money into research. All this sets the stage for single-use tech to take off. 

A lot of Indian companies—vaccine makers, biosimilar developers, CDMOs—need production 

systems that can juggle different products in tight spaces. That’s why disposable tech is starting to 

look pretty good. You spend less upfront, set up facilities faster, and skip the headache of endless 

validation that you’d get with old-school stainless steel equipment. 

Places like Bengaluru, Hyderabad, Pune, Mumbai, Ahmedabad, and the NCR hub are really 

running with this. They’re using single-use assemblies everywhere: upstream processing, 

downstream purification, mixing buffers, storing media, even during aseptic filling. As these zones 

grow, so does the need for suppliers who can offer custom fluid management and tech support. 

2.13.3 Market Drivers Influencing Adoption 

Single-use technologies are taking off in the pharmaceutical and biotech industries for several 

reasons. The big one? They cut down on upfront costs. Companies don’t need to invest in 

permanent pipes, clean steam generators, or massive cleaning systems. Instead, they can get new 

manufacturing facilities up and running for a lot less money (Jacquemart et al., 2016). 

Flexibility also makes single-use systems really attractive. These days, many pharma companies 

run plants that make different products on the same equipment. Switching between products 

quickly is key if you want to squeeze the most out of your investments. Single-use assemblies 

make it easy. There’s no need for lengthy cleaning or sterilization between batches, so production 

flows faster—and downtime drops (Shukla & Gottschalk, 2013). 

Contamination control matters, too. Each kit arrives sterile and gets used just once, so the risk of 

cross-contamination between batches drops way down. That’s a big deal if you’re working with 
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potent biologics or making custom medicines—cleanliness really matters here (Langer & Rader, 

2021). 

Manufacturers feel more confident these days. Updated regulations and smarter supplier screening 

help a lot. Plus, companies now get streamlined access to standardized info—things like 

extractables data, biocompatibility reports, and all the regulatory documents they need.All of that 

simplifies validation and speeds up the move to single use systems. 

Adoption Driver Operational Benefit Supporting Literature 

Lower capital 
expenditure 

Reduced facility investment Shukla & Gottschalk (2013) 

Elimination of CIP/SIP Faster batch changeover Jacquemart et al. (2016) 
Reduced contamination 
risk 

Improved product safety Langer & Rader (2021) 

Manufacturing 
flexibility 

Multi-product capability Shukla & Gottschalk (2013) 

Faster facility 
commissioning 

Reduced project timelines Jacquemart et al. (2016) 

Availability of pre-
qualified components 

Simplified validation Jenke et al. (2015) 

 

Table 15 Major Drivers Promoting Adoption of Single-Use Technologies (Langer & Rader, 2021).  

2.13.4 Relevance to Technical Sales and Business Development 

Tech has definitely fueled the rise of single-use systems, but getting them into the market takes 

more than just good products. It really comes down to how well you connect with customers and 

develop your business. Pharma companies look for more than quality — they want quick 

turnaround, custom options, proper documentation, solid technical know-how, reliable support 

after the sale, and just overall trustworthiness. 

When you look at market studies done right where the pharma companies operate, you see 

procurement choices often depend on local support and how fast suppliers can respond — not just 

the price tag. Suppliers who can quickly deliver customized solutions usually beat those stuck 

relying on complicated global supply chains. 

So, technical sales folks end up playing a pretty big part here. They're the ones who bridge the gap 

between what engineers can do and what customers actually need.They notice the tough spots, 
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recommend the right products, and give advice that actually lines up with what’s happening in 

manufacturing. These days, combining technical know-how with sharp business strategies is 

absolutely critical if you want to succeed in single-use bioprocessing. The industry doesn’t wait 

around—you’ve got to stay on your toes (Shukla & Gottschalk, 2013; Langer & Rader, 2021). 

 

2.14 Factors Influencing Customer Adoption and Procurement Decisions for Single-Use 

Technologies 

Bringing single-use technologies (SUTs) to market isn’t just about whether they work well—it’s 

also about whether they actually fit what pharma manufacturers want and need to buy. Disposable 

systems clearly shine when it comes to flexibility and cutting contamination risks, but companies 

don’t all jump in at the same pace. Some move quickly, thanks to the cost savings or easier 

compliance, while others hesitate because of economic pressure, regulatory hurdles, or questions 

about whether these systems really fit their long-term production plans. These days, teams weigh 

both technical and commercial factors when they purchase, not just what’s on a product spec sheet 

(Shukla & Gottschalk, 2013). 

2.14.1 Cost–Benefit Analysis in Technology Adoption 

Most pharmaceutical companies kick things off with a thorough look at whether single-use systems 

actually make sense for their bottom line. Yes, disposable components bring ongoing running costs, 

but they also let companies skip major investments in things like stainless-steel tanks, cleaning 

setups, utilities, and those endless validation runs. If you’re juggling multiple products or working 

with small to mid-sized batches, SUTs can make a lot of sense—capital expenses drop, and 

projects get off the ground faster (Jacquemart et al., 2016). 

But if you’re churning out one product in massive volumes, those recurring consumable expenses 

start to look less attractive. That’s why you see more hybrid facilities—plants that mix stainless-

steel systems with single-use components instead of going all-in on one side or the other.  

2.14.2 Importance of Supplier Reliability 

For pharma buyers, a dependable supplier matters just as much as performance or price—

sometimes more. They look closely at whether vendors have the manufacturing muscle, can deliver 
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on time, offer solid documentation, provide technical know-how, and communicate quickly when 

things get tricky. 

When the COVID-19 pandemic hit, it exposed just how fragile global supply chains could be. 

Companies struggled to get their hands on basic disposables and filters. So now, buyers pay more 

attention to suppliers who keep inventory nearby, offer short lead times, and deliver on promises 

(Langer & Rader, 2021). 

For suppliers like Saint-Gobain Life Sciences, being able to deliver custom assemblies fast isn’t 

just a nice extra—it’s often what seals the deal, especially when contract manufacturers live and 

die by strict production schedules. 

2.14.3 Regulatory Documentation as a Purchasing Criterion 

In regulated pharma, nobody signs off on a supplier without serious paperwork. Teams want to see 

crystal-clear Material of Construction declarations, USP Class VI and ISO 10993 certificates, 

thorough extractables and leachables reports, gamma irradiation validations, and policies on how 

product changes get handled. 

Good documentation makes qualifying vendors easier and helps speed up regulatory filings. In a 

competitive market, documentation support can make a supplier stand out and tip the decision in 

their favor (Jenke et al., 2015). 

2.14.4 Customization and Technical Support 

Every biopharma process is a little different, whether it’s because of the drug being made, plant 

layout, or batch size. Standard products just can’t always cover so many unique needs. 

Manufacturers usually lean toward suppliers who can design and build single-use assemblies that 

actually fit their operations—down to the last detail. 

Having experts on call to help pick the right setup, tweak designs fast, and jump in with support 

after installation really builds trust. This kind of partnership turns short-term purchases into lasting 

relationships and matters more than ever since companies want entire solutions, not just parts 

(Shukla & Gottschalk, 2013). 
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2.14.5 Role of Market Intelligence in Technology Adoption 

Understanding the market is key when you’re trying to spread single-use tech. By tracking where 

pharma plants are clustered, seeing what the competition is doing, and staying on top of what 

customers in each region actually want, suppliers can aim their sales efforts where they’ll work 

best. 

 

Meeting with customers in the field always turns up practical headaches that desk research can 

miss—things like exact lead-time demands, preferred ways to buy, validation worries, and what 

makes clients switch suppliers. That’s the kind of intel that helps suppliers adjust their approach 

and deliver what customers really need, not just what they think they need. 

Procurement 
Factor 

Impact on Customer Decision Supporting Reference 

Total cost of 
ownership 

Determines economic feasibility Jacquemart et al. (2016) 

Supplier reliability Ensures uninterrupted production Langer & Rader (2021) 
Lead time Reduces manufacturing delays Langer & Rader (2021) 
Regulatory 
documentation 

Simplifies qualification and 
compliance 

Jenke et al. (2015) 

Product 
customization 

Meets process-specific 
requirements 

Shukla & Gottschalk (2013) 

Technical support Improves implementation and 
troubleshooting 

Shukla & Gottschalk (2013) 

Local service 
availability 

Enhances customer confidence Jacquemart et al. (2016) 

 

Table 16 Key Factors Influencing Procurement Decisions for Single-Use Technologies (Langer & 

Rader, 2021). 

2.14.6 Implications for Technical Sales and Business Development 

The increasing complexity of pharmaceutical manufacturing has transformed technical sales from 

product promotion into solution-oriented consulting. Sales professionals are expected to 

understand manufacturing workflows, regulatory requirements, and customer-specific challenges 

while recommending suitable single-use solutions. 

Activities such as industrial cluster mapping, competitor benchmarking, customer engagement, 

lead generation, and identification of unmet process requirements therefore play a crucial role in 
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accelerating technology adoption. By combining technical expertise with market intelligence, 

suppliers can establish long-term partnerships and improve penetration within rapidly expanding 

biopharmaceutical marke 

2.16 Challenges and Barriers to the Commercial Adoption of Single-Use Technologies 

Even though single-use technologies (SUTs) offer clear operational perks and come with all sorts 

of technical advancements, you just don’t see consistent adoption across the global 

biopharmaceutical industry. Big multinational players have leaned into disposables—integrating 

these systems into commercial manufacturing—but plenty of hurdles still stand in the way. 

Technical concerns, costs, and internal company issues all shape decisions and keep the market 

from growing as fast as it could. For suppliers, manufacturers, and technical sales folks hoping to 

boost single-use adoption, understanding these challenges isn’t optional—it’s critical (Rogers, 

2003). 

2.16.1 Economic Constraints and Total Cost of Ownership 

People often tout single-use technologies for cutting upfront capital costs—no need for permanent 

stainless piping, clean steam systems, or major cleaning setups. But every production run still calls 

for a fresh batch of consumables like bags, tubing, filters, manifolds, and connectors. Over time, 

those recurring costs add up. Manufacturers always do the math, especially at large sites running 

steady, high-volume operations. They weigh the total ownership cost of stainless-steel versus 

disposable systems before investing. That’s why hybrid setups—mixing reusable equipment with 

select single-use components—have caught on, letting plants balance flexibility and long-term cost 

benefit (Farid, 2007; Jacquemart et al., 2016). 

2.16.2 Resistance to Organizational Change 

Adopting new technology in pharma isn’t just about whether something works; it’s also about 

whether companies are ready to change. According to Rogers’ Diffusion of Innovation theory, 

organizations need to see real advantages, fit with how they work, and manageable complexity 

before they’ll make the switch (Rogers, 2003). Many established firms stick with their stainless-

steel setups because they’ve already invested, validated those systems, and trained staff who know 

the ropes. The thought of retraining, changing processes, and getting everything reapproved by 

regulators naturally slows down the shift—even when the technical benefits are obvious.  
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2.16.3 Dependence on Specialized Suppliers 

Switching to single-use systems means manufacturers count heavily on specialized suppliers. 

These companies have to produce custom, high-quality disposable assemblies under tight controls. 

If you want to change suppliers, you can’t just swap out a product—you’re looking at redesigning 

parts, requalifying, and maybe running new validation studies. This dependency became pretty 

clear during the COVID-19 pandemic: shipping issues and supply chain bottlenecks led to real 

shortages in bags, tubing, and connectors. Since then, many drug makers have worked to diversify 

their supplier lists and build more resilience into their procurement approaches (Langer & Rader, 

2021). 

2.16.4 Qualification and Documentation Requirements 

You can’t just plug in a Single use system and go—single-use parts come with a long list of 

documentation needs to keep both internal QA and outside regulators satisfied. Manufacturers 

expect suppliers to provide detailed paperwork: Material of Construction certificates, conformity 

docs, gamma irradiation reports, biocompatibility studies, and results from extractables and 

leachables tests. Missing or patchy documentation can drag out supplier approval and slow down 

qualification. Suppliers who offer consistent, complete documentation—and back it with solid 

technical support—get faster acceptance in regulated pharma environments (Jenke et al., 2015). 

 

2.16.5 Environmental and Sustainability Concerns 

People are rightly worried about the environmental footprint of tossing out tons of disposable 

plastics after every manufacturing batch. It’s a big contrast to reusing stainless-steel equipment. 

But the story isn’t simple: life cycle studies show that by skipping the intense cleaning cycles, you 

save water, energy, and cut down on chemical waste. Sometimes, these savings help offset the 

impact of increased plastic waste. In the end, the true sustainability Figure depends on plant design, 

production scale, and how waste gets handled (Eibl & Eibl, 2009). 

 

2.16.6 Customer Awareness and Technical Knowledge 

Especially in newer pharma markets, lots of folks just don’t know what single-use systems can do, 

or what the real costs look like. Decisions often get shaped by the way things have always been 
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done, fear of unknown risks, and lack of exposure to real-world success stories. That’s why 

technical seminars, hands-on demos, customer workshops, and direct field interactions matter—

they help bridge knowledge gaps and support smarter buying choices. In these cases, the best 

technical salespeople don’t just sell products; they act as consultants, walking customers through 

regulatory needs, product capabilities, and process improvements, instead of just pitching the latest 

catalog entry (Kotler & Keller, 2016). 

 

Barrier Effect on Adoption 
High recurring consumable costs Preference for hybrid manufacturing 

models 
Organizational resistance to change Delayed technology implementation 
Supplier dependency Procurement and supply chain risks 
Documentation and qualification requirements Extended supplier approval timelines 
Environmental concerns Hesitation regarding disposable plastics 
Limited technical awareness Slower adoption in developing markets 

 

Table 17 Major Barriers Affecting Commercial Adoption of Single-Use Technologies (Kotler & 

Keller, 2016). 

2.16.7 Strategic Implications for Technical Sales 

Adopting new technology in the biopharma world isn’t just about having the best product. What 

really sets suppliers apart is their ability to guide customers through technical challenges, help with 

regulatory hurdles, offer customized solutions, and deliver products reliably. When it comes to 

breaking into new markets, you really have to listen to your customers—know what they worry 

about, whether that’s cost, validation, documentation, or sustainability. That’s the only way to 

connect with them and build strategies that actually work. So, winning in this space means you 

can’t just rely on good products. You need to dig into market research, size up your competitors, 

and spend a lot of time talking to customers. That’s how suppliers move single-use technologies 

from buzzwords to real-world solutions across all sorts of pharmaceutical manufacturing setups.  

2.17 Role of Market Intelligence in the Adoption of Single-Use Technologies 
 

Selling single-use technologies isn’t just about creating new products anymore. These days, it’s 

about understanding the market and what customers actually want. If you’re in the 



  
 

44 
 

biopharmaceutical world, you need to know what your buyers expect, keep an eye on competitors, 

and spot new trends fast. If you’re smart about collecting market data, you make better decisions 

about how to pitch your products, which customers to target, and how to grow your business. Plus, 

you build stronger relationships with pharmaceutical companies along the way (Kotler & Keller, 

2016). 

Instead of just pushing products, technical sales teams now work more like consultants. They offer 

tailored solutions for manufacturing problems. There’s a lot going on behind the scenes—things 

like mapping out industrial clusteers, analyzing the competition, profiling customers, and 

understanding and generating leads. All this helps buisnesses find promising markets and 

encourage population to have new technologies. In places where single-use tech is still catching 

on, these strategies really matter (Anderson & Narus, 1998; Payne & Frow, 2005). 

Market Intelligence 
Activity 

Purpose Contribution to Business 
Development 

Industrial cluster 
mapping 

Identify pharmaceutical and biotech 
hubs 

Prioritizes regions with high 
sales potential 

Customer profiling Understand manufacturing 
requirements and purchasing 
behaviour 

Enables targeted solution-based 
selling 

Competitor analysis Evaluate competing products, 
pricing, and market presence 

Supports strategic positioning 
and differentiation 

Lead generation Identify prospective customers and 
business opportunities 

Expands customer base and 
improves revenue generation 

Customer 
relationship 
management (CRM) 

Maintain customer interactions and 
sales records 

Enhances customer retention 
and repeat business 

Technical 
consultation 

Recommend application-specific 
solutions 

Builds trust and facilitates 
technology adoption 

Market trend analysis Monitor industry developments and 
emerging technologies 

Supports strategic planning and 
product development 

 
Table 18 Role of Market Intelligence in Technical Sales of Single-Use Technologies  

 

2.18 Research Gap 
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So far, plenty of research digs deep into the technical details of single-use technologies—

everything from material choices to regulatory hurdles, contamination risks, and how well these 

systems operate. Studies talk a lot about how single-use setups cut capital costs, keep production 

lines flexible, and boost the rise of biologics and biosimilars. 

But there’s a catch: not many researchers look at the market side of things. Most papers stick to 

engineering challenges, process tweaks, or compliance. Few actually ask, “What makes 

companies decide to buy single-use gear?” or “Why do certain products catch on in the industry 

while others don’t?” 

There’s also a hole in research around how practical factors—like whether suppliers are reliable, 

how fast products can be delivered, technical support, customization, and the quality of 

regulatory documents—actually impact purchasing. You just don’t see enough studies mapping 

out the market, analyzing industrial clusters, benchmarking against competitors, or exploring 

what really works for lead generation and business growth in life sciences. 

When you zero in on India, the gap gets even wider. The country’s biopharmaceutical industry is 

booming with new investment in biologics, vaccines, and contract manufacturing. But we barely 

have hard data on why customers there adopt specific products, or how regional markets behave. 

Most research just sticks to manufacturing and ignores how single-use tech makes its way into 

pharma companies in different clusters 

This is why the current study matters. It brings the technical side together with a real look at the 

market. With industrial cluster mapping, customer interviews, competitor analysis, and hands-on 

lead generation, this research aims to carve out actionable insights about how single-use 

assemblies and filters get adopted in India’s fast-moving biopharmaceutical world. Plus, it’s 

designed to back up serious business strategy along the way. 

 

2.19 Review Summary 

This chapter takes a close look at single-use technologies (SUTs) and why they matter so much in 

today’s biopharmaceutical manufacturing world. It starts by spelling out how companies are 

shifting from old-school stainless-steel systems to newer, disposable platforms. The reasons are 

pretty clear: single-use systems are just easier to deal with. They cut out the hassle of cleaning and 
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sterilizing heavy, fixed equipment, making operations more flexible, reducing the risk of cross-

contamination, and helping facilities get up and running faster. Plus, they don’t require the same 

level of investment upfront. All of that’s made these single-use solutions a big deal for people 

working on biologics, biosimilars, vaccines, and advanced therapies. 

Digging a bit deeper, the chapter looks at the materials behind these single-use systems. Polymers 

like platinum-cured silicone, thermoplastic elastomers (TPE), fluoropolymers, and various 

multilayer films come up a lot. Choosing the right material isn’t just a technicality—it really affects 

how the equipment performs, how well it fits with a process, how safe it is (sterility), and whether 

or not regulators give it a green light. You can’t ignore Material of Construction evaluations, 

biocompatibility tests, chemical compatibility checks, or proper supplier paperwork. Together, 

these steps make or break the reliability of single-use parts in the manufacturing process.  

 

Regulatory compliance is another big theme. The chapter breaks down a web of standards and 

frameworks, from the US FDA and United States Pharmacopeia to ISO standards and BioPhorum 

guidelines. It looks at European requirements under EU GMP and Annex 1, plus India’s 

regulations via the Drugs and Cosmetics Act and Schedule M. What all these rules have in common 

is their focus on risk, good supplier management, controlling contamination, making sure 

everything’s traceable, and managing the quality of materials throughout their life cycle. 

 

It’s not just about rules and materials, though. The chapter also reviews the nuts and bolts of single-

use systems—things like sterile connectors, filtration tech, and those all-important extractables 

and leachables (E&L) studies. Evaluating how materials might leach chemicals into products isn’t 

optional anymore—it’s central to proving a product’s safety. Filtration systems are just as vital, 

doing the heavy lifting to keep processes sterile and efficient. The takeaway: if you want reliable 

disposable manufacturing, you can’t take shortcuts on qualification or documentation. 

 

Switching gears, the chapter talks about the business and market side of things. Both global and 

Indian markets are showing strong growth for these disposable systems, thanks to rising demand 

for biologics, biosimilars, and vaccine manufacturing, plus the overall rise in contract 

manufacturing. As biotech infrastructure grows and companies look for faster, more flexible 

manufacturing methods, the market for single-use gear and advanced filtration is only getting 
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stronger. Specialized suppliers offering tailored solutions and hands-on technical support are 

carving out their place in the market too. 

There's also a look at how customers actually decide what to buy. It’s not just about how well a 

product works. Manufacturers look at regulatory support, how customizable systems are, how fast 

they can get deliveries, supplier reliability, technical support, and even after-sales service. These 

days, companies win business not by just having the best specs, but by being solutions-focused—

offering local support, technical know-how, and stronger customer engagement. 

Of course, nothing is perfect. There are still hurdles keeping some companies from diving headfirst 

into single-use systems. Recurring costs for consumables, dependency on specialized suppliers, 

qualification headaches, E&L concerns, environmental questions, and different levels of 

awareness in newer markets all make adoption a bit tricky. So, while the benefits are well-known, 

companies have to weigh the pros and cons—technical, financial, regulatory, and operational—

before committing. That’s why suppliers and users need open lines of communication and real 

partnership to make these solutions work in the real world. 

Recognizing that selling and adopting these technologies takes more than great engineering, the 

chapter discusses the value of good market intelligence and technical sales. It points out that things 

like mapping out industrial clusters, profiling customers, checking out the competition, generating 

l,eads, and ,maintaining solid customer relationships are all key. Done ri,ght, this helps suppliers 

shape their offerings to match what customers want and build partnerships that can stand the test 

of time. 

That said, there’s a gap in the current research. While there’s plenty written on the tech, regulations, 

and operations of single-use solutions, we don’t hear enough about how customers actually make 

decisions, what they expect from suppliers, how markets are mapped, and how business 

development really happens—especially in India’s biopharma world. Most studies zoom in on 

equipment and efficiency, leaving the bigger Figure about adoption and market dynamics a bit 

fuzzy. 

 

To wrap up, the bankruptcy lays a sturdy foundation for information where single-use technologies 

suit in contemporary biopharma production. bottom line: success takes greater than simply proper 

hardware—it wishes technical expertise, a strong take care of at the rules, solid dealer support, and 
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smart, market-push,ed techniques. This units the stage for the existing loook at, witth the intentiion 

to digg into market and lead generation for Single-use bag assemblies and filtration answers within 

the industry via consumer engagement, cluster mappming, and assessing the competition. 
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CHAPTER 3                                                METHODOLOGY/ WORK DONE 

 

3.1 Introduction 

Research methodology is really the backbone of any systematic study. It lays out exactly how you 

gather data, analyze it, and make sense of the results. For projects built around industry needs, 

methodology isn’t just about ticking off research techniques—it shows how real business practices 

get turned into results you can measure, helping companies hit their goals. So, choosing the right 

approach matters if you want your work to be unbiased, repeatable, and relevant to what you set 

out to do. 

During my internship at Saint-Gobain Life Sciences, I took on market analysis and lead generation 

for Single-Use Bag Assemblies and filtration products in the pharma and biopharma world. But 

my work wasn’t just about crunching numbers or copying data from reports. I actually hit the 

ground—meeting customers in person, touring factories, talking shop with technical teams, 

checking out what the competition was up to, and looking for fresh opportunities. That hands-on 

approach really brought the single-use technology market into focus for me. 

I started with the basics—digging into secondary research to figure out where the big pharma 

players are, spot trends, create customer profiles, and gather every bit of open-source market data 

I could find. Once I had that foundation, I got more targeted: tracking and qualifying potential 

customers using business databases, company websites, LinkedIn, contacts from distributors, and 

even leads from people inside the company. 

Once I had a list of potential accounts, I got in touch—cold calls, online meetings, in-person 

discussions, and plant visits. Through these, I learned about manufacturing processes, how these 

products fit into customer operations, the suppliers they already used, their buying habits, and the 

challenges they faced. Pulling all that together let me size up market opportunities, see where 

competitors stood, spot new business, and generate sales leads for the team. 

Unlike standard academic research, where you rely mostly on surveys or forms, my project took a 

business-first, field-driven approach. The richest information came from technical chats and real 

conversations with customers, giving a broader and more practical view of what the market needs 
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and where we could help. This way, the project not only uncovered customer requirements but 

also pushed forward active business development. 

Because I worked with several pharma companies and got access to some sensitive information, 

confidentiality was really important. You won’t find any customer names, pricing details, business 

secrets, or anything proprietary here. Whenever I present numbers, they’re aggregated or 

anonymous and included only for academic context. 

Figure  gives a quick visual summary of how I tackled the whole thing—from early market digging 

to bringing in new leads and sizing up opportunities. 
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Figure 5 Research Methodology Workflow 
 

The subsequent sections of this chapter describe the research design, objectives, study area, data 

sources, market mapping methodology, customer interaction framework, lead generation process, 

competitor assessment techniques, data analysis approach, ethical considerations, and limitations 

associated with the present study. 

 

3.2 Research Design 

The research design pretty much set the stage for everything—how data got collected, organized, 

and interpreted. It shaped the whole plan for hitting the project’s goals and meant the methods 

always made sense for the kind of problem we were tackling. For this internship, the focus was on 

market analysis and lead generation for Single-Use Bag Assemblies (SUBA) and filtration 

products, so we blended exploratory and descriptive research. 

The exploratory part took center stage at first. We wanted to get a clear Figure of the market, pin 

down where pharmaceutical and biopharmaceutical manufacturers were clustered, understand who 

the customers actually were, and spot any new business opportunities. Finding solid info on how 

different companies used single-use technologies wasn’t easy—there wasn’t much organized data 
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out there. So, we dug into publicly available sources and talked to people in the industry to build 

a basic sense of what the market looked like. 

Once we had the lay of the land, we switched gears to a more descriptive approach. This let us 

map out things like what customers needed, how they manufactured products, usage patterns, 

which competitors were around, their procurement strategies, and any business opportunities we 

spotted. By organizing everything we learned from conversations and observations—both 

qualitative and quantitative—we ended up with insights we could rely on for business development.  

 

This wasn’t some lab experiment. We didn’t mess around with variables or set up controlled tests. 

We depended on all real-world observations, talking directly to customers, and getting info out of 

the reliable market sources. The research design matched the hands-on nature of a business 

development internship but still followed a solid analytical process. 

The overall research design can be classified as follows: 

 

 

Parameter Method Adopted 
Nature of Study Applied Research 
Research Design Exploratory and Descriptive 

Research Approach Qualitative with supportive quantitative 
analysis 

Data Collection Primary and Secondary Data 
Research Setting Field-based Industrial Study 
Sampling Method Purposive Sampling 
Unit of Analysis Pharmaceutical and Biopharmaceutical 

Manufacturing Organizations 
Outcome Market Analysis and Lead Generation 

 
 

Table 19 Classification of Research Design 

 

The execution of the research design followed a phased approach. 
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Figure 6  Phases of Research Design 

The research design moved logically—from gathering info to figuring out where real business 

opportunities are. By mixing market information with actual customer talks, the approach given 

us the practical tools to get the potential leads, understand what customers cared about, analyze 

the competition, and get a feel for how the market works in pharma and biopharma. 

 

3.3 Sources of Data Collection 

Data collection really sits at the base of any research—you can’t analyze, interpret, or make good 

decisions without it. In this study, I used a gather info of primary and secondary data to really 

understand get to know and have a place into the market for Single-Use Bag Assemblies (SUBA) 
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and filtration based assemblies and products in pharmaceuticals and biopharma. By pulling from 

both, I could check and cross-check details through different channels, which gave me a more 

grounded view of what customers need and how the market actually works. 

3.3.1 Primary Data Sources 

I went straight to industry insiders for most of my information. Field visits and direct conversations 

during my internship helped me see how things work up close—everything from how customers 

use these products, to their buying habits, to the business opportunities out there.  

 

Here’s what I did to collect primary data: 

 I met with people at pharmaceutical and biopharma companies, face-to-face. 

 I toured their industrial sites to see how manufacturing runs and what their processes need. 

 I got into some technical talks with folks in production, procurement, quality, and 

engineering. 

 I made cold calls and set up virtual meetings to get to know potential new customers. 

 I spoke with channel partners and distributors to get a sense of what’s happening in 

different regions. 

 I checked back in with people to confirm what they needed and where the real opportunities 

were. 

3.3.2 Secondary Data Sources 

For the bigger Figure and to help track down accounts, I relied on strong secondary sources—stuff 

that’s either public or available internally. These materials helped me follow industry trends, find 

my target customers, and double-check the things I learned from primary sources. 

My secondary sources included: 

 Official websites for both pharma and biopharma companies. 

 Professional places like LinkedIn for finding companies and reaching stakeholders. 

 Government and industry-specific databases avilable on public domain about pharma 

manufacturing. 

 Industry reports, Company database, product brochures, and technical guides. 

 Regulatory documents and general market info that’s easy to access. 
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 Internal business info and customer databases I had access to during my internship. 

Data Type Source Purpose 

Primary Data Customer meetings Understand manufacturing 
processes and requirements 

Primary Data Industrial site visits Observe applications and identify 
opportunities 

Primary Data Technical discussions Gather process-specific and 
product-related insights 

Primary Data Cold calling and virtual interactions Customer qualification and lead 
generation 

Primary Data Distributor interactions Understand regional market 
dynamics 

Secondary Data Company websites Account identification and 
business profiling 

Secondary Data LinkedIn Stakeholder mapping and contact 
identification 

Secondary Data Government databases Industry and manufacturing 
information 

Secondary Data Industry reports and publications Market understanding and trend 
analysis 

Secondary Data Product catalogues and technical 
documents 

Product and application 
familiarization 

 

Table 20 Classification of Research Design 
 

 

 
Figure 7  Data Collection Framework 



  
 

56 
 

The combination of primary and secondary facts locations to ensured a balanced and 
comprehensiv,e approach to market evaluation. whilst initial interactions supplied practical 
insights into patron thaughts and enterprise practices, secondary research facilitated broader 
marketplace understanding and supported the identity of capacity commercial enterprise 
opportunities across special pharmaceutical production clusters. 

 
3.4 Industrial Visits and Customer Engagement Methodology 

Industrial visits and communicating directly with customers were a huge part of how I worked 

during my internship at Saint-Gobain. The main goal was pretty Simple&analyze the market and 

dig up new business opportunities for Single-Use Bag Assemblies (SUBA) and filtration products. 

To really get what the industry needs, I had to spend time with people who actually make things 

in the pharmaceutical and biopharmaceutical world. 

I didn’t just rely on research reports—I got out and visited several pharmaceutical manufacturing 

hubs across India. Seeing how things are made, meeting people from different departments (like 

production, procurement, engineering, QA, R&D, you name it), and figuring out where single-use 

tech could fit, gave me a much better sense of the landscape. 

Before meeting any customer, I’d do my homework. I checked out their website, their LinkedIn, 

annual reports, product lists, and anything else that was public. This prep made conversations 

smoother and helped me really understand what each company could do, where their focus was, 

and how single-use products might work for them. 

When I visited, I wasn’t just pitching products. I wanted to understand their whole manufacturing 

process—how stuff moved around, filtration needs, their set-up, and the technologies they used. If 

they let me, I’d walk through their facility to see how these disposable solutions actually fit in. 

These visits weren’t just about the technical side. I learned a lot about how companies buy things, 

how they qualify suppliers, their paperwork needs, and what really drives their decisions. I also 

took careful notes about any challenges they faced, their growth plans, and where they thought 

things could run smoother. All this fed into my market analysis later. 

Honestly, visiting these places helped me build relationships, too. Conversations got more 

meaningful, not just one-off meetings. The experience helped to me keep up with r industryy trends 

and made everything I learned feel more real and connected. 
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Activity Undertaken Method Adopted Purpose 

Pre-visit company research Review of company websites, 
product portfolios and public 
databases 

To understand 
manufacturing profile 
and prepare for 
discussions 

Customer meetings Face-to-face interactions with 
technical and commercial 
personnel 

To obtain first-hand 
information regarding 
manufacturing practices 

Industrial facility visits Observation of production areas 
and supporting infrastructure 

To understand process 
flow and potential 
application areas 

Technical discussions Interactions with production, 
engineering and quality teams 

To study process 
requirements and product 
utilization 

Procurement discussions Meetings with sourcing and 
purchasing personnel 

To understand 
procurement practices 
and supplier expectations 

Documentation of 
observations 

Recording of key findings after 
each interaction 

To support market 
analysis and account 
profiling 

 

Table 21 Methodology Adopted During Industrial Visits 

 

Industrial Cluster Nature of Customer Coverage Objective of Visit 
Bengaluru Pharmaceutical and 

biopharmaceutical manufacturing 
organizations 

To understand biologics 
manufacturing processes and 
evaluate applications of single-
use technologies 

Chennai Sterile injectable and pharmaceutical 
manufacturing facilities 

To study filtration systems, 
aseptic operations, and fluid 
management practices 

Dharwad Biologics manufacturing 
organizations 

To observe production 
workflows and downstream 
processing requirements 

Pune Vaccine and pharmaceutical 
manufacturers 

To understand large-scale 
manufacturing operations and 
process applications 

Mumbai and Navi 
Mumbai 

Formulation, API and specialty 
pharmaceutical companies 

To evaluate customer 
requirements and procurement 
practices 

Nashik Pharmaceutical manufacturing 
organizations 

To perform market mapping and 
understand regional 
manufacturing capabilities 
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Nagpur Pharmaceutical and life science 
companies 

To assess manufacturing 
practices and identify potential 
opportunities 

Chhatrapati 
Sambhaji nagar 

Pharmaceutical production facilities To understand industrial 
operations and customer 
requirements 

 

Table 22 Methodology Adopted During Industrial Visits 

 

The statistics received in the course of business visits and customer interactions become 

consolidated with secondary research findings to expand comprehensive consumer profiles and 

perceive capacity business opportunities. All observations have been recorded solely for 

instructional and market analysis purposes. customer-unique business entry, pricing data, 

procurement insights, and proprietary production and supply chain facts had been deliberately 

omitted from this record to keep organizational confidentiality and comply with professional 

ethical requirements. 

 

3.5 Competitor Analysis and Technical Understanding 

I approached competitor analysis and technical understanding side by side during the internship. 

That made it much easier to get a huge Figure of how the pharmaceutical and biopharmaceutical 

markets work. T,he competitor review helped me figure out how suppliers work.s and what is in 

demand in the market, while technical interactions with customers really dug into the details—

how products are made, where Single-Use Bag Assemblies (SUBA), and fiiltration tech fit in, 

and how these systems are set up in real-world scenarios. 

 

To pull this together, I relied on a place of industrial site visits, direct meetings with customers, 

technical discussions, and more into secondary research like reports and industry literature. I 

gathered information from all these sources and focused on building an accurate view of industry 

practices and spotting new opportunities—without touching any proprietary or commercially 

sensitive details. 
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3.5.1 Competitor Analysis Methodology 

For the competitor analysis, I used a structured approach to see how different solution providers 

fit into pharmaceutical manufacturing. The goal was clear: get to know their technologies, 

understand what customers expect, and see how suppliers line up in the market—without chasing 

confidential commercial info. 

 

I started with online research—company websites, technical brochures, product catalogs, public 

market reports, anything that could sketch out who’s doing what in the single-use bioprocessing 

scene. That desk research gave me a foundation, which I built on by talking with people during 

factory tours and customer meetings. 

These conversations were straightforward—I’d ask about general manufacturing practices, which 

suppliers they like, which products are approved on site, and what they’re looking for in 

procurement. I steered clear of anything sensitive, like pricing or contract terms. 

With the info I got, I mapped out how deeply competitors have penetrated the market, which 

technologies are catching on, what kind of documentation customers need, how much 

customization they want, and what service levels matter most. This gave me a way to benchmark 

the market qualitatively, all while sticking firmly to professional ethics. 

Assessment 
Area 

Information Collected Purpose 

Existing 
manufacturer / 
supplier 

Current approved 
supplier or manufacturer 

To understand competitor penetration 
within customer facilities 

Product portfolio 
in use 

Bags, tubing, filters, 
connectors and 
assemblies 

To identify products currently being 
utilized 

Material of 
Construction 
(MOC) 

Silicone, TPE, PTFE, 
PES, PVDF and other 
materials 

To understand material preferences and 
compatibility requirements 

Product 
customization 

Standard or customized 
assemblies 

To evaluate customer-specific solution 
requirements 

Documentation 
support 

Regulatory documents, 
validation packages and 
certifications 

To understand qualification 
expectations 

Technical 
support 

Engineering assistance 
and troubleshooting 
support 

To evaluate service expectations 
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Product 
availability 

Delivery timelines and 
supply continuity 

To understand operational priorities 

Future projects Expansion plans and 
upcoming manufacturing 
requirements 

To identify long-term business 
opportunities 

 

Table 23 Framework Adopted for Competitor Assessment During Customer Interactions 

 
3.5.2 Technical Understanding Through Customer Interactions 

At the same time, I focused hard on really understanding how pharmaceutical manufacturing 

works and how single-use systems fit in. Every customer interaction was a learning opportunity 

to see first-hand how their processes run and where Saint-Gobain Life Sciences products can 

make a difference. 

I never started these meetings talking about our products. Instead, I’d ask them to walk me 

through their manufacturing workflow, the main steps, pain points, and critical process 

consumables. This made for richer technical conversations and helped pinpoint exactly where 

single-use products add value. 

We’d cover topics like upstream and downstream processing, filtration, sampling techniques, 

cleanroom practices, how they prep media and buffers, sterile transfers, storage, and what kinds 

of consumables each process needs. I also asked about technical specifications, how often they 

use specific products, their procedure for batch qualification and approval, and what problems 

they’re facing now. 

When customers allowed, I toured their facilities. Understanding production layouts, equipment 

setups, and how they do Single use tech in real life was a game changer. It tied theory and 

practice together. 

Interaction Category Information Collected Purpose 
Customer 
Information 

Company name, department, 
contact person, designation and 
business segment 

To establish organizational 
profile 

Application & 
Process 
Understanding 

Upstream operations, 
downstream processing, 
filtration, sampling and 
cleanroom activitie 

To understand manufacturing 
workflow 
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Current Product 
Usage 

Existing products, supplier 
details, product specifications, 
batch consumption and annual 
consumption 

To assess technology 
adoption and process 
requirements 

Manufacturing & 
Approval Process 

Existing manufacturers, 
qualification procedures and 
validation process 

To understand supplier 
approval mechanisms and 
competitor presence 

Technical 
Requirements 

Material preferences, process 
compatibility, customization 
needs and documentation 
requirements 

To evaluate technical 
suitability of solutions 

Challenges & 
Improvement Areas 

Supply issues, process 
bottlenecks, compliance 
concerns, performance gaps and 
documentation challenges 

To identify customer pain 
points 

Opportunity 
Assessment 

Key applications, future 
expansion plans, opportunity 
level and follow-up actions 

To identify potential business 
opportunities 

 

Table 24 Structured Customer Interaction Framework for Technical Understanding 

 

For each and every discussion, I followed alredy structured framework to keep information 

alinged across different sites and companies. That made documenting technical insights a lot 

easier and ensured I captured what really mattered about their operations, technology choices, 

and expectations. Importantly, I stuck rigorously to company confidentiality rules, and there’s no 

sensitive commercial info in this report. 

 

3.6 Data Recording, Analysis and Opportunity Prioritization 

We kept info of everything we gathered from market research, factory visits, customer meetings, 

and technical talks. Instead of letting it pile up in notebooks or emails, we organized and analyzed 

it so we could actually use it. Every time we spoke to a customer, we made sure to write down the 

important stuff — things like what the company does, how they make things, what they use now, 

what they need from a technical perspective, who else is selling to them, and any signs of future 

business. 

 

We didn’t just file these records away and forget about them. After all follow-up call or meeting, 
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we updated our notes to keep the customer database fresh and reliable. This way, we always knew 

where we stood. 

Once we had plenty of data, we started looking for patterns — especially how companies adopt 

new technology, run their processes, buy materials, or what they expect from suppliers. By 

comparing what we learned from different accounts, we got a clear look at industry trends and 

began spotting common needs, especially for things like Single-Use Bag Assemblies (SUBA) and 

filtration products. 

To stay focused, we came up with a way to rank customer opportunities. We didn’t just look at 

one thing. We checked technical fit, what customers wanted, their setup, who supplies them now, 

their interest in our products, and where they’re headed as a business. All these details helped us 

decide where to put our energy and made sure we paid attention to the right prospects during the 

internship. 

 

Data Category Information Recorded Purpose 
Customer Profile Organization name, location, 

business segment and 
department 

Creation of a structured customer 
database 

Process Information Manufacturing workflow and 
application areas 

Understanding process compatibility 

Product Usage Existing consumables, 
product specifications and 
applications 

Assessment of technology adoption 

Technical 
Observations 

Process requirements, 
material preferences and 
documentation needs 

Identification of suitable product 
solutions 

Competitor 
Information 

Existing manufacturers and 
supplier ecosystem 

Understanding market dynamics 

Customer 
Challenges 

Operational issues and 
improvement areas 

Identification of unmet requirements 

Follow-up Actions Meeting outcomes and future 
engagement plans 

Tracking customer interactions 

 

Table 25 Framework for Data Recording and Analysis 

 

Evaluation Parameter Purpose 
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Manufacturing capability To assess relevance for single-use 
technologies 

Process compatibility To identify suitable application areas 
Existing product usage To evaluate current technology adoption 
Competitor penetration To understand supplier landscape 
Customer technical requirements To determine feasibility of product integration 
Future expansion plans To identify long-term opportunities 
Customer engagement level To prioritize follow-up activities 
Strategic business value To support business development planning 

 

Table 26 Opportunity Prioritization Criteria 

3.8 Ethical Considerations and Confidentiality 
During my project, I always make it a point to grasp all of the data processed in a responsible 

way, even whether it was of market research, consumer analysis or business stuff. My experience 

working with pharmaceutical and Biopharma businesses taught me that preserving sensitive 

information was not just a priority but a must-have. Every step of the journey I followed 

stringent professional standards. 

I always maintained a professional and straightforward approach in all my customer interactions. 

I collected data for academic objectives and also for commercial development, without ever 

going into price, legals, proprietary /technology or strategic understandings. I kept my eyes on 

manufacturing =processes, product applications and the general market trends--nothing 

proprietary. 

I recorded everything I observed on factory trips and technical meetings, but only with the right 

authority. I made the specifics general enough when I recorded manufacturing processes so no 

operational secrets were exposed. 

I worked on some internal business information through lead creation, competition analysis, 

opportunity evaluation and contract work. I was quite careful with that data; everything was kept 

on a need-to-know basis within the organization. Nothing spilt. For confidentiality reasons, I did 

not include customer details, business agreements, pricing info, procurement records and any 

internal papers in my report. 
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“I saw basic data integrity and honest reporting standards throughout.” Everything you see here 

is straight from real internship experience; no bias or doctoring. Any interpretation is based on 

facts and publicly available information and not guesswork. 

Ethical Principle Implementation During the Internship 
Confidentiality Customer-specific commercial information 

and pricing data were not disclosed in the 
report. 

Data Integrity Information was recorded accurately based 
on observations and verified discussions. 

Professional Conduct Customer interactions were conducted 
respectfully and in accordance with 
organizational practices. 

Responsible Documentation Only information relevant to the academic 
objectives of the study was documented. 

Respect for Proprietary 
Information 

Internal business records, technical 
documents, and organizational strategies 
were not shared externally. 

Objective Reporting Findings were presented without bias and 
based on actual observations made during 
the internship. 

Compliance with 
Organizational Policies 

Activities were performed in accordance 
with company guidelines and 
confidentiality requirements. 

 

Table 27 Ethical Principles Followed During the Internship 

following these ethical principles, I maintained the internship’s professionalism and 

responsibility, protecting the interests of all parties involved—customers, partners, and the 

company itself. Therefore, the report respects that commitment to anonymity and is a mere 

academic record of what I learned and how I worked throughout the internship. 

3.9 Chapter Summary 
This chapter breaks down how I tackled market analysis and business development for Single-

Use Bag Assemblies (SUBA) and filtration products during my internship. I blended secondary 

research with hands-on activities like industrial visits, customer meetings, technical discussions, 

and competitor reviews. There was a lot of structured data work, too—tracking opportunities, 

prioritizing them, and diving into practical tasks like drawing up rate contracts. 
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 I laid out the research design and objectives, explained how I gathered data, and showed the 

framework I used to spot potential customer accounts and get a grip on pharmaceutical 

manufacturing practices. My approach in digging up market insights was pretty direct: talk to 

people, get technical, and keep records consistent and clear. 

 I made sure to stick to ethical guidelines the whole way, always keeping customer details and 

company info confidential. This structured, responsible approach gave me a solid base for 

analyzing what I found during the project. 

 Next up, I’ll share what came out of all this—market research findings, insights from field 

visits, what I learned chatting with customers, and results from the technical side. I’ll also break 

down why these results matter for spotting market opportunities and driving business growth.  
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CHAPTER 4                                                     RESULTS AND DISCUSSION 

 
4.1 Results and Discussion 

During my internship, I dug into the pharmaceutical and biopharmaceutical manufacturing hubs 

scattered across India—places like Bengaluru, Chennai, Pune, Mumbai, Nashik, Nagpur Dharwad, 

and Chhatrapati Sambhajinagar. I didn’t just sit behind a desk. I mapped out customers, toured 

factories, talked with engineers, and picked up real-world market intelligence. All of this helped 

me piece together a clear Figure of how demand shifts from region to region, how new tech gets 

adopted, and where the biggest opportunities lie for Single-Use Bag Assemblies (SUBA) and 

filtration products. 

One thing jumped out right away: not every cluster is the same. The potential swings a lot 

depending on how many pharma plants are packed into one area, what kinds of drugs they're 

making, the regulatory hoops they need to jump through, how open they are to new single-use tech, 

and whether they’re ramping up expansion. Regions buzzing with biologics manufacturing, sterile 

injectables, and active CDMOs stood out. They’re the ones looking hardest at advanced fluid 

management solutions. In short, that’s where SUBA and filtration products truly have room to 

grow. 

Here’s a big-Figure look at the pharmaceutical and biopharmaceutical industry clusters I covered 

during the internship. Instead of going into details about individual companies, I sorted each 

region based on what I saw and heard during plant visits, chats with customers, market mapping, 

and technical discussions. All this keeps any sensitive business info under wraps but still shows 

how opportunities for Single-Use Bag Assemblies (SUBA) and filtration products stack up in 

different manufacturing hotspots. 

 Some regions clearly stand out. Bengaluru, Chennai, and Pune have serious market potential, 

thanks to big biopharma facilities, sterile injectable plants, CDMOs, and modern, high-tech 

production lines. Meanwhile, spots like Nashik, Nagpur, and Chhatrapati Sambhajinagar showed 

steady but more moderate demand. Their markets are driven mostly by formulation 

manufacturing and growing pharma infrastructure. 
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If you take all these observations together, one thing becomes obvious: market potential really depends on 

specialization in manufacturing, how quickly new processing technologies get adopted, and the shift toward 

single-use systems. Companies want more flexibility and need to keep regulators happy, and that’s pushing 

single-use adoption fast. 

 

Findings from -  

    

Figure 8 Maps OpenStreetMap contributors. (2025). OpenStreetMap. Available at: OpenStreetMap 
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Table 28 Data Collected during internship 
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Figure 9 Market Potential city wise in MNIR  

 

 

Figure 10 Single use assemblies Demand city wise 
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Figure 11 Filters Demand city wise 
 

 

Here’s a clear roundup of the pharmaceutical and biopharmaceutical clusters I looked at during 

the internship, along with a straightforward take on their overall demand and potential for 

Single-Use Bag Assemblies (SUBA) and filtration products. I left out any sensitive details tied to 

specific companies. Instead, the table groups each region according to what I learned through 

factory visits, customer conversations, market research, and tech discussions. This big-Figure 

helps spot wheres the actua opportunities lie across various manufacturing hubs while keeping 

customer data private. 

From what I saw, Bengaluru, Chennai, and Pune sincerely stand out—they show the most 

powerful marketplace ability. That’s particularly due to the fact they’ve were given huge 

biopharma centers, sterile injectable manufacturing websites, busy CDMOs, and plants packed 

with advanced era. In assessment, locations like Nashik, Nagpur, and Chhatrapati Sambhajinagar 

sit within the middle—with decent call for fueled by way of method manufacturing and growing 

pharma infrastructure. typical, it’s clear that marketplace capacity right here traces up with a 

region’s production awareness, their adoption of recent processing generation, and the shift in 

the direction of Single-use structures for higher efficiency and regulatory compliance. 
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CHAPTER 5                                                                                           Conclusion 

 

1. This internship pulled back the curtain on the pharmaceutical and biopharmaceutical world. 

I didn’t just sit behind a desk — I dove into market research, toured real manufacturing 

sites, joined technical discussions, and connected face-to-face with customers. Mapping 

out different manufacturing clusters, I started spotting possible customer accounts and got 

a much clearer sense of how regional markets for Single-Use Bag Assemblies (SUBA) and 

filtration products actually work on the ground. 

 

2. Being in those factories and talking directly with customers sharpened my technical sense 

for single-use technologies, filtration systems, how materials get chosen, and how 

everything flows together on the production line. I finally saw how what I learned in the 

classroom fits (and sometimes doesn’t fit) inside a running plant that answers to regulations 

and real people. 

 

3. Sizing up competitors and building detailed customer profiles didn’t just bring numbers to 

life — it revealed how suppliers stack up, how clients go about buying, the ebb and flow 

of technology adoption, and what really sways purchasing decisions. I saw firsthand how 

technical support, tailored solutions, solid documentation, and a responsive supply chain 

can make or break success in the life sciences market. 

 

4. My method of collecting information — from getting out new opportunitiies to capturing 

leads — kept things focused and confidential. The process made it obvious: strong data 

backs strategic growth. You can’t expand into new markets with guesswork. 

 
5.  

6. On the comercial side, I got my hands on drafting on rate contracts, validating prices, and 

following order processing workflows. This wasn’t just paperwork. It taught me how 

technical understanding, customer requirments, and company workflow blend together to 

drive sales and set the tone for lasting customer relationships. 
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7. In the end, this internship checked all the boxes: I built up my technical expertise, made 

my market analysis, betterment of how I communicate, and got a major exposure to 

business development. Most of all, it showed me why single-use technologies matter so 

much in today’s pharmaceutical manufacturing — and gave me the tools to build my future 

in the industry. 
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