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Phase Change Materials

The maintaining of label claim – or the 
specific range of allowed temperatures 
printed on the saleable drug product –  
is being demanded by regulatory 
authorities for an increasing number of 
countries. This is true even if stability 
data for acceptable excursions have 
been proven through manufacturer-
sponsored testing. For most international 
transport, you must ship to the range 
printed on the product, and that is often 
relatively strict – for instance, some state 
2-8°C for a refrigerated drug, even when 
stability testing supports some time well 
outside of that range.

The growing global drive for risk  
reduction means that biopharmaceutical  
manufacturers and their supply  
partners are faced with several 
challenges. They must continue to 
guarantee the thermal integrity of 
their products – often maintaining 
tighter temperatures ranges – while 
still working to constantly improve 
the speed and price to market of their 
products in order to ensure a maximum 
level of product efficacy and,  
ultimately, patient reach.

Changing Guidelines

In 2015, we saw the impact of the 
alterations linked to label claim 
within the Good Distribution Practice 
regulations, and companies were 
inundated with requests to develop 
solutions for products that now needed 
much stricter layers of thermal control. 
Whether one considers such changes to 
be positive or negative, the reality is that 
many organisations had to find alternate 
methods that could follow the new 
ruleset without being financially harmful.

To give one example: a company 
shipping a refrigerated product 
internationally with a temperature 
requirement of 0.1-10°C could expect  
an increase of 40% in total cost (freight 
and packaging) when transitioning to  
strict 2-8°C protection. A high percentage  
of bulk pallet distribution is international 
shipments employing full temperature 
monitoring through the use of probes, 
which can verify that the correct 
conditions were maintained throughout 
the chain of custody. Often, multiple 
temperature probes are utilised in each 
pallet load. The drive for quality under 
heightened performance scrutiny is a must.

Some of these international shipments 
can be huge quantities of products 
being sent to wholesale or distribution 
centres for downstream delivery to 
hospitals and clinics. Given the amount 
being sent – which can often be several 
full pallets of material in a single 
shipment – the prospect of product 
loss is very daunting. The cost of these 
biopharmaceuticals can be extremely 
high, and losing a bulk shipment has 
serious financial consequences. This 
loss could also pose both supply and 
planning complications, as replacement 
drugs must then be manufactured  
and distributed to meet the needs  
of patients.

Frozen Water

Historically, water-based refrigerants 
were used for the transportation of 
temperature-sensitive materials. Their 
low cost and high cooling capability 
offered decent levels of performance at 
an acceptable price. For a refrigerated 
product shipment however, this meant 

some combination of frozen and  
cooled gel packs or bricks.

This combination of frozen and chilled 
water-based packs is not an uncommon 
one. The role of the frozen water is 
to keep the product temperature 
from getting too high, and it does so 
efficiently while changing state from 
solid to liquid. But when attempting to 
maintain a refrigerated payload with 
a thermal acceptability range of 2-8°C, 
the 0°C phase change temperature of 
ice presents the risk that it will drive 
product temperatures below the lower 
limit. This is why refrigerated water-
based coolant packs are included as 
well – their task is to surround the 
payload, forming a buffer between 
ice and product so as to dampen the 
impact of one onto the other.

The application of frozen water as the  
cooling medium is an excellent and 
cost-effective way to prolong the 
duration of a shipment when ensuring 
high levels of protection against 
elevated temperatures. The downside, 
however, is the risk of low temperature 
excursions of a product that has the 
lowest range label claim of 2°C – chilled 
water has very little energy to release 
in its liquid state to stop products from 
going below this.

Phase Change Material

To counter this, solutions can often 
demand a huge amount of refrigerated 
coolants in combination with more 
insulation, resulting in extremely large 
and heavy products that are complex to 
pack out and expensive to ship. Solving 
an issue like this requires new materials, 
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and the advent of non-water based 
organic phase change materials (PCMs) 
has completely changed what is possible 
when considering tighter ranging 
thermal stability.

Many of the PCMs we have today 
are specifically engineered for use 
in temperature-sensitive biologics 
shipments. With tailor-made thermal 
properties, these materials respond and 
release energy at preset temperatures, 
greatly improving system performance 
while enabling a drive down in system 
complexity, size and weight due to their 
targeted efficiency. Unlike water-based 
coolants used in a liquid state, PCMs 
absorb and release very large amounts of 
thermal energy – in some cases, a single 
pound of liquid PCM can even unleash 
the same quantity of energy as 19 pounds 
of liquid water.

Although effective on its own, it is the 
combination of these new targeted 
PCMs in an unfrozen state with the 
frozen water-based coolants that 
creates a perfect harmony between 
raw cooling power and highly effective 
thermal control. It is the collaboration  
of the water and PCM that represents  
the highest level of opportunity to  
cost engineer.

Having these expanded thermal 
capabilities gives us the possibility 
to lower the amount of insulation 
being used, which provides a solution 
that performs better, is easier to use, 
smaller, lighter, less expensive and 
drastically cheaper to ship. These 
cutbacks in material also positively 
impact environmental waste factors 
through a large reduction in packaging 
disposal, as well as by reducing the 
carbon footprint associated with the 
distribution of large box solutions.

Beyond performance, one further 
benefit of PCMs is the flexibility 
they offer to planners and logistics 
managers, who require multiple transit 
options at any given time. The need 
for these multiple transit options 
is particularly important to those 
responsible for large quantities of 

international drug shipments across 
multiple distribution lanes.

A PCM-based solution can better 
regulate product temperature, and thus 
respond to environmental changes 
more effectively through the release 
or absorption of energy at specific 
temperatures. This system flexibility 
provides greater protection for shipments 
that may see varying modes of transport – 
like air to truck, for instance – or border 
delays, where products may be placed 
in storage rooms set to differing and 
sometimes unexpected temperatures.

As this is a new technology, we are still 
seeing some exciting innovations, and 
the latest revolution is the creation 
of shape stable – or gelled – PCMs. 
Traditional PCMs are liquid when thawed 
and this causes many limitations in how 
they can be utilised. Shape stable PCMs 
have improved thermal and physical 
performance, and gelled PCMs are  
also completely leakproof.

The distribution environment can be 
extremely demanding on shipping 
systems, and flexible PCM packaging, 
bricks and bottles are all prone to 
damage given the way in which they 
are handled. Gelled PCMs can be 
intentionally cut or punctured, and 
the shape stable material will not leak. 
This makes them particularly valuable 
in reuse applications, such as in major 
international distribution lanes between 
biologic hubs in the US and Europe.

Long-Term Solution

PCMs are materials that will absolutely 
ensure a secure future for biological 
distribution. They are the smart answer 
to thermal packaging requirements, 
where strict temperature control 
is needed for international transit. 
The pressure for increased levels of 
assurance and decreased costs of  
goods distributed will not diminish,  
and the inclusion of a smarter material 
that provides a thermal benefit –  
while also improving the financial  
and environmental model – should  
not be seen as a passing phase.
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