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PREFACE

The Indian Pharmaceutical Alliance (IPA) has consistently championed the advancement of quality standards within the Indian pharmaceutical
industry. In alignment with this mission, the IPA launched the Quality Forum (QF) in April 2015 to support Indian manufacturers in achieving parity
with global benchmarks and strengthening their quality systems. Since its inception, QF has undertaken a multi-year journey to address critical
industry challenges and develop best-practice guidance documents that enable sustainable quality excellence.

Over the past years, QF has focused on key priority areas such as Data Reliability, Best Practices & Metrics, Culture & Capability, and Investigations.
As part of this sustained effort, the Forum has developed a series of comprehensive best practices documents designed to guide the industry in
meeting evolving regulatory expectations and adopting a science- and risk-based approach to quality.

This guideline focuses on the logistics and transportation worthiness of pharmaceutical product packaging—bringing together best practices,
design principles, regulatory expectations, and practical considerations that help organizations strengthen distribution robustness. It explores the
end-to-end logistics environment in which pharmaceutical packaging must perform, including challenges such as temperature excursions, transit
hazards (shock, vibration, compression), regulatory complexity, counterfeiting risks, and the realities of last-mile.

The development of this document was undertaken by a dedicated working group constituted during the IPA meeting held in September 2024,
under the guidance of Shirish Belapure and Rajiv Desai. The working committee comprised the following experts: Harshad Tambe (Ajanta Pharma),
Vivek Jain (Lupin), Ananda Bera (Sun Pharma), Niraj Sheth (Torrent), Manoj Teluguntla (Zydus Lifesciences)

Over a period of a few months, the committee collaborated intensively sharing current practices, benchmarking them against applicable regulatory
guidance, drafting a detailed framework, and incorporating feedback from subject matter experts and regulatory stakeholders. Their collective
expertise, dedication, and commitment to quality have been instrumental in shaping this guidance.

The IPA expresses its sincere appreciation to the working group and acknowledges the continued support of the CEOs of the six member companies
who contributed time, resources, and funding to this important initiative.

This document is intended to serve as a practical reference for manufacturers across India and globally. It will be made publicly available on the IPA
website (www.ipa-india.org) to ensure broad accessibility and industry-wide benefit.

Mumbai
February 2026
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il Executive Summary :

Packaging plays a major role in pharmaceutical logistics to deliver products to patients in a sound
condition while maintaining product quality, safety, and integrity.

Packaging plays a crucial role as a key enabler in pharmaceutical logistics as it ensures protection of
medicines from external factors like heat, moisture, oxygen, and light which can compromise their quality
and efficacy. Choosing suitable packaging helps in maintaining product stability and preventing
contamination so as to ensure patient safety. Additionally, it facilitates presentation, identification,
differentiation, information, regulatory compliance, shelf life and stability of the product.

Pharmaceutical logistics is a comprehensive process that ensures the safe and efficient handling, storage,
and transportation of pharmaceutical products. Key activities in pharmaceutical logistics include
procurement, inventory management, temperature-controlled storage and transportation, and quality
assurance with advanced tracking and monitoring systems. Packaging emerges as a critical enabler within
this intricate supply chain.

Pharmaceutical packaging is an art and technology that ensures and safeguards products during their
distribution, storage, sale, and use. Packaging provides several advantages including protection (from
environmental factors, transportation hazards and counterfeiting concerns), ease of use for enhancing

patient convenience and their compliance.
Certain challenges must be addressed to ensure the safe and efficient delivery of pharmaceutical products:

x Temperature Control: Many pharmaceutical products require strict temperature controls to
maintain their effectiveness. Inadequate and fluctuating temperatures can lead to temperature
excursions which might compromise product efficacy and patient safety.

x Regulatory Compliance: As the pharmaceutical industry is heavily supervised by regulatory
bodies, companies are required to adhere to stringent guidelines for packaging, labelling, and
transportation. Non-compliance can result in legal and financial penalties.

x Risk of Contamination: This ensures that the selected packaging is tamper-evident and
resistant to contamination, considering the criticality of life-saving drugs and for removing
safety concerns of patients. This document explores various solutions, innovations and future

trends in pharmaceutical packaging and logistics to address such challenges.

x Solutions: This covers implementation of advanced technologies such as data loggers for real-

time temperature monitoring, anti-tampering seals to prevent contamination and loss of

product integrity, and route optimization software to mitigate transit delays.
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x Innovations: Development of sustainable packaging materials, including biodegradable
polymers, recyclable plastics and lightweight corrugated materials has resulted in major
improvements in addressing various challenges. The use of Al and blockchain technologies for
end-to-end traceability ensures the authenticity and safety of pharmaceutical products.

x Future Trends: Emphasis on the growth of personalized medicine, which necessitates
customized packaging solutions, is a very important trend that needs to be considered. The
adoption of fully autonomous packaging systems and drone enabled delivery is set to
revolutionize logistics. The increase in use of Al and blockchain technologies will enhance

supply chain transparency and security.

By focusing on these solutions and innovations, the pharmaceutical industry can overcome current
challenges, with improved supply chain efficiency that ensures safe and effective delivery of medications.
Stakeholders are encouraged to invest in innovative, compliant, and sustainable packaging solutions to

stay ahead in this evolving landscape.

India is playing a critical role in catering to the pharmaceutical requirements of the world. As per estimates,
India has the highest number of USFDA manufacturing sites outside of USA and caters to over 60% of
vaccine requirements of the world. Setting up manufacturing processes and supplying to the regulated
markets like USA and EU calls for stringent GMP processes which include the GDP requirements as well.

Draft guidelines on the GDP policy developed by CDSCO are in public domain. The same provides detailed
requirements to be followed by all the entities responsible in the pharmaceutical supply chain, including
the manufacturer, distributors, retailers etc., in order to ensure the quality and safety of the pharmaceutical

products supplied to patients.
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yAl Introduction

All the medicinal products are required to be transported in accordance with the approved labelled
conditions. Any change in climatic conditions should not alter the mentioned temperature outside an
acceptable limit; otherwise, the quality of the product may be affected.

The quality of pharmaceutical products can be affected due to lack of adequate control over numerous
factors, that might occur during the transportation process. Furthermore, the need for establishment,
development, maintenance, and control over the activities involved in the transportation process generally
has not been well emphasized. The objective of these guidelines is to assist in ensuring the quality and
integrity of pharmaceutical products considering all aspects of the transportation process.

Pharma logistics is a complex and ever-evolving system of managing, moving, and storing of drugs and
pharmaceuticals. It is a critical part for any pharmaceutical company, as it ensures that the drugs reach the
patients within right time at the right place.

Scope of pharmaceutical logistics:

Many of the pharmaceutical products are lifesaving, thus selecting a suitable packaging is of utmost
importance and it is important to maintain its therapeutic efficacy till its labelled shelf life. Safe storage,
careful handling, and transportation are equally significant.

Role of Packaging in Pharmaceutical Logistics:

x Protection and Stability: Packaging ensures that pharmaceutical products are protected from
environmental factors such as moisture, light, oxygen, and temperature variations. This
protection is crucial in maintaining the efficacy and shelf life of the medication.

x Safety and Contamination Prevention: Proper packaging prevents contamination and
tampering, ensuring that the medication reaches the end-user in its intended state. Safety
features like tamper-evident seals, child-resistant caps, etc., are some of the vital components.

x Compliance with Regulations: Pharmaceutical packaging must adhere to stringent regulatory
requirements that varies from country to country. This includes labelling standards,
serialization for traceability, and ensuring that the packaging materials are safe for use with

medications.

x Facilitating Distribution: Efficient packaging designs help in the smooth distribution of
products by optimizing space, reducing weight, and protecting the products during transit.
Packaging solutions like blister packs, bottles, vials and ampoules are designed to withstand

various shipping conditions.
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x Temperature Control: For temperature-sensitive products, packaging solutions like insulated
boxes and cold packs are used to maintain the required temperature throughout the supply
chain, ensuring that the product remains within its specified standards until it reaches the

consumer.

x User Convenience and Adherence: Packaging also plays a significant role in ensuring patient
adherence to medication regimens. Easy-to-use packaging designs, clear labelling, and dosage
instructions help patients use their medications correctly.

x Sustainability: There is a growing focus on sustainable packaging solutions in pharmaceutical
logistics. Companies are exploring biodegradable and recyclable packaging materials to reduce
environmental impact.

In summary, packaging is not just about containing the product; it is a crucial element that impacts the
overall efficiency, safety, compliance, and effectiveness of pharmaceutical logistics.

In global supply chains, particularly within the pharmaceutical industry, the stakes are exceedingly high
when it comes to safety, efficacy, and compliance. These factors are crucial for ensuring that products are

delivered to consumers in a safe, effective, and lawful manner.

Safety

x Protection Against Contamination: Ensuring that pharmaceutical products are not
contaminated at any stage of the supply chain is vital. This includes everything from raw
material sourcing to manufacturing, packaging, storage, and transportation. Contaminated
products can lead to severe health consequences or even fatalities.

x Secure Transportation: Products must be securely transported to prevent tampering and
maintain integrity. This often involves using tamper-evident packaging and secure logistics
processes.

x Cold Chain Management: Many pharmaceuticals require specific temperature controls during
transit. Any deviation can render the medication ineffective or dangerous. Thus, maintaining an
robust and uninterrupted cold chain is critical.

Efficacy
x Quality Control: This ensures that the pharmaceutical products meet the desired quality

standards. Stringent quality control measures are required at every stage of production and
distribution. This guarantees that the end products meet the required standards, and perform

as intended.
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x Stability and Shelf Life: Proper packaging and storage are essential to maintain the stability
and efficacy of pharmaceuticals. Products must be protected from environmental factors such
as light, moisture, and temperature.

Compliance

x Regulatory Requirements: Pharmaceutical products must comply with the regulatory
standards of each country where they are distributed. This involves meeting guidelines set by
authorities like the FDA in the U.S., EMA in Europe, and similar bodies worldwide.

x Documentation and Traceability: Accurate and comprehensive documentation is required to
trace products through the supply chain. This includes batch records, shipping logs, and
compliance with Good Manufacturing Practices (GMP) and Good Distribution Practices (GDP).

x Adherence to Standards: Compliance with international standards such as ISO (International
Organization for Standardization) ensures that products meet the necessary safety and quality

benchmarks.

The Consequences of Failure
Failing to uphold these standards can result in severe consequences:

Health Risks: The distribution of unsafe or ineffective medications can lead to adverse health

X

outcomes and loss of life.

x Financial Penalties: Non-compliance with regulatory standards can result in hefty fines and
sanctions from regulatory bodies.

x Reputational Damage: Companies that fail to maintain safety, efficacy and compliance
standards can suffer significant reputational damage, leading to loss of trust among consumers

and stakeholders.

x Legal Liabilities: Companies may face lawsuits and legal actions for distributing non-compliant

or harmful products.
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In summary, maintaining safety, efficacy, and compliance in global supply chains is essential to protect
public health, ensure product effectiveness, and adherence to regulatory requirements. The
pharmaceutical industry, with its direct impact on human lives, cannot afford to compromise on these

matters.

"Worthiness" in the context of pharmaceutical logistics refers to the overall effectiveness and reliability of
packaging in protecting products, ensuring transportation efficiency, and promoting environmental
sustainability.

Protection

1. Product Integrity:
Worthy packaging ensures that pharmaceutical products are protected from external factors
such as moisture, light, temperature variations and physical, damage. This is crucial for
maintaining the quality, efficacy, and safety of the products throughout their shelf life.

2. Prevention of Contamination and Tampering:
High-quality packaging prevents contamination and tampering, ensuring that the medication
reaches patients in the same condition as it left the manufacturing facility. This is essential for
patient safety and maintaining trustin the brand.

Transportation Efficiency

x Space Optimization:
Efficient packaging designs maximize space utilization in transportation containers, reducing
the need for excess shipping volume. This can lead to cost savings and more efficient use of

transportation resources.

x Durability and Lightweight Materials:
Using durable and lightweight materials can reduce transportation costs and minimize the
environmental impact of shipping. Strong packaging also ensures that products can withstand
the rigors of transportation without damage.

x  Streamlined Handling:

Packaging that is easy to handle, stack and store facilitates smoother logistics operations,
reducing time and labour costs associated with loading, unloading, and storing products.
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Environmental Sustainability

x Reduced Waste:
Environmentally sustainable packaging materials, such as biodegradable, recyclable, or
reusable materials, reduce waste and lower the environmental footprint of pharmaceutical
products. This helps in managing waste effectively and conserving resources.

x Lower Carbon Footprint:
Eco-friendly packaging solutions often require less energy to produce and transport,
contributing to reduction in carbon emissions. Companies adopting these practices

demonstrate a commitment to environmental stewardship.

x Regulatory Compliance:
Increasingly, regulatory bodies are mandating sustainable packaging practices. Companies that
comply with these regulations avoid penalties and position themselves as leaders in
sustainable practices.

x Brand Image and Consumer Trust:
Companies that prioritize environmental sustainability in their packaging build a positive brand
image and gain consumer trust. Environmentally conscious consumers are more likely to
support brands that align with their values.

In summary, worthy packaging is a cornerstone of pharmaceutical logistics, enhancing protection,
transportation efficiency, with inclination towards sustainable approach. This not only ensures the safe
delivery of products to consumers but also promotes long-term operational efficiency and environmental

responsibility.
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Overview of Pharmaceutical
Logistics and Packaging:

Pharmaceutical logistics and packaging play a critical role in ensuring that medicines and other
pharmaceutical products are safely and efficiently delivered from the manufacturer to the end consumer.

Pharmaceutical logistics involves the complex process of planning, implementing, and controlling the
efficient and cost-effective flow and storage of pharmaceutical products.

Pharmaceutical logistics is a specialized field that involves the handling, storage, and transportation of
pharmaceutical products. It is crucial to ensure that medicines and medical supplies are available at the
right place and of the right quality.

Pharmaceuticals often have unique chemical and physical properties that require specialized handling and
storage solutions.

Packaging must protect the product from physical damage, contamination, and environmental factors such
as light, moisture, and temperature variations. This ensures the integrity and effectiveness of the
medication.

Pharmaceutical packaging must adhere to strict regulatory guidelines to ensure safety and compliance.
This includes accurate labelling with necessary information such as dosage instructions, expiration dates
and warnings.

Packaging should be designed as per patient convenience. This includes considerations such as child-
resistant caps, clear instructions, and packaging that is easy to open and use, especially for the elderly, the
disabled or patients with limited mobility.

For certain temperature-sensitive products, special cold chain packaging is required that includes insulated
containers and refrigerants to maintain the required temperature throughout transportation and storage.

3.1 The Pharmaceutical Supply Chain
The pharmaceutical supply chain is a complex network that ensures medications and medical supplies
are efficiently produced, distributed, and delivered to patients. Here is an overview of the key

components and processes involved:

Manufacturers are a critical component of the pharmaceutical supply chain. They are responsible for
the production of pharmaceutical products, from raw materials to finished goods, ensuring that these
products meet strict quality and safety standards.

x They are responsible for producing pharmaceutical products from raw materials to finished
goods.
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x They engage in research and development, clinical trials, and the manufacturing process.
x  They ensure compliance with regulatory standards and quality control measures.

Distributors play a pivotal role in the pharmaceutical supply chain, acting as the bridge between
manufacturers and healthcare providers. They ensure that pharmaceutical products are efficiently and
safely transported to pharmacies, hospitals, and other medical facilities.

x They act as intermediaries between manufacturers and healthcare providers.

x They store and transport pharmaceutical products while maintaining proper storage
conditions.

x  They ensure regulatory compliance and quality assurance.

Types of Distributors

1. Wholesalers:

x  They purchase pharmaceuticals in bulk from manufacturers and sell them to
pharmacies, hospitals and other healthcare providers.

2. Specialty Distributors:

x  They focus on specific types of pharmaceuticals, such as biologics, vaccines, and
specialty drugs.

x  They often provide additional services like patient support programs and home
delivery.

3. Regional Distributors:

x  They operate within specific geographic areas to provide more localized distribution
services.

x  They are important to ensure that rural and remote areas have access to necessary
medication.

Pharmacies are the final point in the pharmaceutical supply chain where medicines are dispensed to
patients. They play a critical role in ensuring that individuals receive the correct medicines, along with
important information and guidance on their use.

x  They dispense medications to patients and provide guidance on proper usage

x They offer health screenings, vaccinations, and wellness services.

x They ensure medication adherence and management, especially for chronic conditions.
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Types of Pharmacies

1. Community Pharmacies:

x  They are located in neighbourhoods and they serve the public.
x  They provide prescription and over-the-counter medications.

x  They offer advice on medication management and minor health issues.

2. Hospital Pharmacies:

x  They are located within hospitals and healthcare facilities.
x  They dispense medications to inpatients and outpatients.

x  They work closely with healthcare professionals to ensure proper use of medication.

3. Specialty Pharmacies:

x  They focus on high-cost, high-complexity, and high-touch medication therapy for
patients with serious health conditions.

x  They often provide additional services such as patient education, counselling, and
home delivery.
4. Online Pharmacies:
x They operate via the internet and deliver medications to patients' homes.

x  They provide convenience, especially for those with mobility issues or living in remote
areas.

x They require strict verification to ensure authenticity and safety.

Hospitals are integral to the healthcare system, serving as primary facilities where patients receive
comprehensive medical care.

Importance of last-mile delivery in maintaining product quality
Last-mile delivery is the final step in the supply chain, involving the transportation of products from a

distribution centre to the end user. In the pharmaceutical industry, the importance of last-mile delivery
cannot be overstated, as it plays a critical role in maintaining product quality and ensuring that

medications reach patients in optimal condition.
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Temperature Control

x Cold Chain Management: Many pharmaceutical products, especially injectables, biologics and
vaccines, require strict temperature control to maintain their efficacy. Last-mile delivery
systems must ensure that these temperature-sensitive products are transported in conditions

that prevent temperature excursions.

x Irrespective of the stability data, medicines should be transported and stored as per their label
conditions. Apart from warehousing and primary transportation, secondary distribution also is
very important where the parcel size will be smaller and mostly in uncontrollable external
conditions. Hence, packaging becomes a very important means to maintain the efficacy of the

pharmaceutical products till it reaches the patient.

x Temperature Monitoring: Using sensors and data loggers to continuously monitor the
temperature during the final leg of delivery helps in ensuring product integrity.

3.2 Role of Packaging in Logistics
1. Physical Protection:

x  Shock and Vibration: Packaging materials such as bubble wrap, foam, and cardboard
provide cushioning to protect products from shock and vibrations during transit.

x  Compression: Sturdy packaging prevents damage from compression and stacking
during transportation and storage.

x  Tamper-Evident Features: Seals, shrink wraps, and bands help protect the product
from unauthorized access and tampering.

2. Chemical Protection:

x  Barrier Protection: Packaging materials like foil and certain plastics act as barriers to
protect products from chemical contamination and degradation.

x  Reactive Substances: These ensure that the packaging does not react chemically
with the product it contains, thereby preserving its integrity and efficacy.
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3. Environmental Protection:
x  Temperature Control: Insulated packaging and cold packs help maintain the
necessary temperature range for temperature-sensitive products like biologics and

vaccines.

x  Moisture Control: Packaging materials like desiccants and moisture barriers prevent
damage from humidity and moisture.

x  Light Protection: Opaque packaging prevents light-sensitive products from exposure
to UV light, which can degrade certain medications.

Additional Roles of Packaging in Logistics

1. Information and Compliance:

x  Labelling: This provides crucial information such as dosage instructions, expiration
dates, and warnings, ensuring compliance with regulatory requirements.

x  Tracking: Barcodes, QR codes, and RFID tags help in tracking and tracing the product
through the supply chain, enhancing transparency and traceability.

2. Efficiency in Handling and Transportation:

x  Standardization: Using standardized packaging sizes and materials can streamline
handling and transportation, making processes more efficient.

x  Stackability: Properly designed packaging allows for efficient stacking and use of
space during storage and transportation.

3. Sustainability:

x  Eco-friendly Materials: Using recyclable or biodegradable packaging materials
reduces environmental impact and supports sustainability goals.

x  Reduced Waste: Efficient packaging design minimizes excess packaging, thereby
reducing waste and lowering logistics costs.

Assisting in compliance with global transportation standards is a crucial function of pharmaceutical

packaging and logistics.
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Regulatory Adherence
1. Labelling Requirements:

x  These ensure that all packaging includes necessary information, such as batch
numbers, expiration dates, storage instructions, and regulatory compliance marks
(e.g., CE mark in Europe, FDA approval in the USA).

2. Documentation:

x It is very important to maintain accurate and complete documentation for all
shipments, including certificates of analysis, material safety data sheets (MSDS), and
shipping manifests.

3. Good Distribution Practices (GDP):

x It is crucial to adhere to GDP guidelines, which cover the proper distribution of
pharmaceutical products in order to ensure that their quality and integrity are
maintained throughout the supply chain.

x  They should be stored and transported in accordance with the procedures, such that:

A Theidentity of the product is not lost.

A The product does not contaminate and is not contaminated by other
products.

A Adequate precautions are taken against spillage, breakage,
misappropriation, and theft. Spillage (if any) should be handled as per the

SOPs of the manufacturer.

A Appropriate temperature conditions should be maintained as per the label

conditions.
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Packaging Standards
1. Standardized Packaging:

x It is important to utilize packaging materials that comply with international
standards, such as ISO standards for packaging and transit testing. This ensures that

products are protected and meet global regulatory requirements.
2. Tamper-Evident Features:

x It is crucial to include tamper-evident seals and other security measures in order to
comply with global standards for drug safety and anti-counterfeiting.

Cold Chain Supply Chain
1. Temperature-Controlled Packaging:

x It is important to use specialized packaging solutions, such as insulated containers
and gel packs, to maintain the required temperature ranges for sensitive products.
Compliance with WHO guidelines for vaccine storage and transport is essential.

2. Validated Shipping Methods:

x It is essential to implement validated shipping methods and routes to ensure that
products remain within specified temperature ranges and conditions, in accordance
with regulatory standards.

3.3 Categories of Pharmaceutical Packaging
Pharmaceutical packaging comes in various categories based on the type of product, the materials
used, and the level of protection required.

Primary packaging:
Primary packaging is crucial in the pharmaceutical industry as it is the first layer of protection for
the drug and directly contacts the product. These are some common forms of primary packaging:

Blister Packs

These are made of a cavity or pocket formed into a formable web, usually with a sealable backing
of paperboard or aluminium foil. They are commonly used for tablets and capsules. Each dose is
individually protected, making it easy for the patient to access their medication one at a time.
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Bottles

Used for liquids, tablets, and capsules. They come in various materials, such as glass and plastic.
Glass is typically used for liquids to prevent contamination, while plastic is more common for
tablets and capsules due to its low weight and shatter-resistant properties.

Ampoules and Vials

These are small, sealed containers used to hold liquid medications, which are usually intended for
injections. Ampoules are typically made of glass and are single use, while vials can be either glass
or plastic and may be designed for single or multiple doses.

Sachets and Pouches
Used for powders, granules, or liquids. These provide a lightweight and compact packaging
solution and are often used for single-dose medications.

Pre-filled Syringes

These are syringes that are already filled with a specific dose of medication, ready for use. They
offer convenience and reduce the risk of dosing errors. These syringes are designed for single use
and get locked after dose administration to prevent reuse.

Each type of primary packaging has its own set of advantages, and the choice depends on the
drug's formulation, stability, and how it's intended to be administered.

Secondary packaging:

Secondary packaging plays a critical role in grouping and protecting primary packaged products. It
often serves as an additional barrier against damage and contamination, helps with organization,
and provides a surface for essential labelling and information. Some common forms of secondary

packaging used for grouping are described below:

Cartons
These are paperboard boxes used to encase multiple units of primary packaging, such as blister
packs or bottles. They can be customized in various sizes and shapes to fit the product and provide

a convenient way to store and transport items.

Shrink Wraps

These are used for bundling multiple units together. The product is wrapped in a plastic film that
shrinks when heated, securing the items tightly together. This method is often used for packaging
multiple bottles or cartons together.

Trays
These are used to hold multiple units of primary packaging, such as ampoules, vials, or syringes.
These can be made of plastic or cardboard, and provide easy handling and organization.
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Overwraps
These are additional layers of packaging wrapped around primary packages or groups of primary
packages. They provide extra protection and can help in bundling products together.

Bags
Large, durable bags are sometimes used to group products together, especially for items like
sachets and pouches. They offer a convenient way to handle and transport the products.

Bundle Packs

These are multiple units of a product that are grouped and sold together, often at a discounted
price. They are commonly used for promotional purposes and to encourage bulk purchases.
Secondary packaging is essential for ensuring that pharmaceutical products reach consumers in a

safe, effective, and organized manner.

Tertiary packaging:

Tertiary packaging is essential for the bulk transportation and storage of pharmaceutical products.
It ensures that the products are safely and efficiently moved from the manufacturer to the end
user. Here are some common forms of tertiary packaging used in the pharmaceutical industry:

Crates

Large, rigid containers are used to transport multiple cartons or boxes. They are often made of
plastic, wood, or metal, and provide a high level of protection against physical damage during
transportation.

Pallets

These are platforms that allow for stacking multiple crates or boxes. They are typically made of
wood, plastic, or metal, and are used with forklifts and pallet jacks for easy handling and
movement. Pallets standardize the loading and unloading process, making it more efficient.

Pallet Wraps
Stretch films or shrink wraps are used to secure boxes and cartons on a pallet. This additional layer
helps to stabilize the load and protect it from dust and moisture during transit.

Bulk Boxes

Large, heavy-duty cardboard or plastic boxes are designed to hold and transport a high volume of
smaller packages. They provide a cost-effective and efficient way to move large quantities of
products.

Drums and Barrels

These are used for the bulk transportation of liquid or powdered pharmaceuticals. These
containers are typically made of plastic, metal, or fibre, and are designed to be robust and tamper-
proof.
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1SO Containers
These are standardized shipping containers used for international transportation. These large,
reusable containers protect the products from environmental factors and physical damage during

long-distance shipping.

Tertiary packaging is all about efficiency and protection, ensuring that pharmaceutical products

reach their destinations safely and intact.
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Key Challenges in Pharmaceutical Logistics

Pharmaceutical logistics face several key challenges that can impact the efficiency and safety of drug
distribution. Ensuring precise conditions, on-time delivery, compliance, and stability is crucial. Without
real-time visibility, it is difficult to guarantee that the cargo will arrive on time and in the right condition.
Pharmaceutical logistics requires highly reliable machinery and logistical processes. Any failure can result
in significant losses, as the cargo is both expensive and fragile. Predictability and agility in the supply chain
are essential to handle issues promptly.

4.1 Temperature Sensitivity
Temperature sensitivity is a critical aspect of pharmaceutical logistics, especially for products that
must be stored and transported within specific temperature ranges to maintain their efficacy and
safety. Here are some key points regarding temperature-sensitive pharmaceuticals:

x Cold Chain Management
Maintaining the appropriate temperature throughout the supply chain is known as cold chain
management. This involves a series of refrigerated production, storage, and distribution
activities, along with associated equipment and logistics.

Temperature Ranges

x Room Temperature: 15°C to 25°C (59°F to 77°F)
x Refrigerated: 2°C to 8°C (36°F to 46°F)

x  Frozen: -25°C to -10°C (-13°F to 14°F)

x Ultra-Low Temperature: Below -40°C (-40°F)

Cold chain requirements are crucial for ensuring the safety and efficacy of temperature-sensitive
pharmaceuticals like vaccines, insulin, and biologics. The specific cold chain requirements for each

are mentioned below:

Vaccines

Vaccines must be stored and transported within a temperature range of 2°C to 8°C. This range
ensures that the vaccines maintain their potency and effectiveness. Vaccines are often transported
in refrigerated cargo and stored in cold rooms and refrigerators at various points in the supply
chain. Specialized equipment like cold boxes and vaccine carriers are used to maintain the
required temperature during transportation to remote areas.

Insulin

Insulin also requires strict cold chain management, with a recommended storage temperature of
2°C to 8°C when unopened. Once opened, insulin can be kept at room temperature for a limited
period (usually 4 to 6 weeks), but it must be refrigerated before use. Proper storage and handling

are essential to ensure its effectiveness and safety.
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Biologics

Biologics, which include a wide range of complex biological products like monoclonal antibodies
and vaccines, typically require cold chain management. The specific temperature requirements
can vary depending on the product, but they generally need to be stored within 2°C to 8°C. Some
biologics may require ultra-low temperatures, and maintaining these conditions is critical to
preserving their therapeutic properties.

Maintaining the cold chain for these products involves continuous temperature monitoring, using
validated refrigeration equipment, and implementing robust procedures to prevent temperature
excursions. This ensures that patients receive safe and effective medication.

When it comes to maintaining the cold chain for temperature-sensitive pharmaceuticals like
vaccines, insulin, and biologics, both active and passive cooling solutions are essential.

x Active Cooling (Refrigerated Trucks):
Active cooling involves using mechanical systems to maintain a specific temperature range
within transportation vehicles, such as refrigerated trucks or containers.

The closest analogy to active containers is a refrigerator. To keep product temperatures
consistent, they employ thermostatic control in conjunction with mechanical or electric devices
that are driven by an energy source. Systems frequently need “plug in time” to charge at crucial
touch points and before usage.

A closed-loop distribution system is necessary for active systems to guarantee proper
maintenance and recycling of reusable equipment. While providing accurate temperature
control, these systems are expensive to buy, operate, and maintain. Due to their weight,
potential need for repair while in transit, and availability in fewer sizes than other shippers, they
are also more expensive to ship.

X

Temperature Control: Precise control of temperature, typically through refrigeration

units.

x Energy Source: Requires a constant power source to operate the refrigeration systems.

x Capacity: Suitable for large-scale transportation, handling significant quantities of
pharmaceuticals.

x  Flexibility: Can adjust to different temperature ranges as needed.

x Monitoring: Often equipped with real-time temperature monitoring and alert systems.
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x Passive Cooling (Insulated Packaging):
Passive cooling uses materials and design to maintain a specific temperature range without
active mechanical cooling, relying on insulation and thermal energy storage.

Passive packaging aims to prevent and attenuate “the transfer of heat energy between the
inside and outside the packaging barrier.” Passive packing materials are designed for

insulation, thermal stability, and product protection.

x Insulation: Uses materials such as foam, reflective barriers, and phase change
materials (PCMs) to maintain temperature.

x Temperature Control: Maintains temperature using gel packs, ice packs, or dry ice.

x Capacity: Generally used for smaller shipments and shorter transportation durations.

x Portability: Easily portable and can be used in various transportation modes.

Types of Passive Packaging Materials

x Expanded Polystyrene (EPS)
One of the most prevalent insulation materials for food and pharmaceuticals, foamy
EPS is a low-density, closed-cell structure that obstructs heat transfer because air is a
good thermal insulator, especially when air pockets are separated.
Though cheap and lightweight, EPS sheds microplastics and is becoming less common

due to ecological concerns.

x Polyurethane (PUR)
Another environmentally unfriendly foam, PUR is expensive, space-efficient, and an
excellent insulator. PUR comprises millions of microscopic air bubbles per square inch,

topped by an “ultra-radiant barrier film” to reflect radiating heat.
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x Vacuum Insulated Panels (VIPs)
VIPs can achieve two to three times the thermal autonomy of other cool-packing
materials. A newer alternative, VIPs have been used since the early 2000s in various
industries, including aeronautical, medical, marine, construction, automotive, and
commercial. VIPs protect parcels with high porosity, containing many small gas-filled

cavities.

x Pharmaceutical-grade Glass
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