Cold Chain

Vaccines are made from micro-organisms similar to the ones that cause disease, or
from the toxins that bacteria produce. Therefore, all vaccines are sensitive biological
substances that progressively lose their potency (i.e. their ability to give protection
against disease). This loss of potency is much faster when the vaccine is exposed to
temperatures outside the recommended storage range.

In addition to being temperature-sensitive, several vaccines are also highly sensitive to
strong light, and thus need to be kept in the dark as much as possible. They are given
some protection by being supplied in vials of dark brown glass to reduce the
penetration of light, but this alone will not prevent light damage however and great
care must be taken to protect them during use.

Each exposure to extreme temperature or strong light results in some degradation of
the vaccine. Furthermore, each exposure to inadequate conditions has a cumulative
impact on vaccine potency. Once vaccine potency has been lost, returning the vaccine
to correct storage condition cannot restore it. Vaccines do not change their
appearance when losing its potency so it is not possible to see whether a vaccine in a
vial has lost its potency without a complete laboratory test. Any loss of potency is
permanent and irreversible.

The temperature range required for each vaccine is established by the manufacturer.
Most of the vaccines require between +2°C and +8°C, but this may vary according the
vaccine and the storage times. For example, some vaccines can be stored at-15°C to -
25°C in a central storage, up to 6 months, but only up to 1 month at 0°C to +8°C, in a
District and Health Centre storage. Oral Polio vaccine may be thawed and frozen again
without danger to the vaccine. Some other vaccines like Inactivated Polio, Diphtheria-
pertussis-tetanus, Diphtheria-tetanus, Hepatitis B and Tetanus vaccines are seriously
damaged by being frozen at temperatures below 0°C. Always refer to the vaccine
manufacturer specifications to store the vaccine within the suited temperature ranges
during the appropriate timeframes.

The cold chain includes all the equipment and practices used to ensure a constant
temperature for a product that is not thermostable (such as vaccines, serums, tests,
etc.), from the time it is manufactured until the time it is used. It also includes all the
temperature monitoring equipment and routines.

Health workers and logisticians involved in vaccines management are responsible for
maintaining the adequate storage and transport conditions: while vaccines are stored



in the vaccine stores at the province and county levels, or while they are being
transported to township and villages, and while they are being used during
immunisation sessions or rounds.

All relevant staff must be trained to both use and manage the cold chain equipment
and to regularly monitor the temperature. This includes having appropriate and
efficient logistics mechanisms to manage shipping, fuel, spare parts etc.

Common Terms in Cold Chain

Insulated containers that can be lined with coolant packs to keep vaccines and diluents cold during
transportation and/or short period storage. Cold boxes are used to collect and transport vaccine supplies
from one fixed vaccine store to another, and from vaccine stores to health facilities. They are sometimes
also used to temporarily store vaccines when the refrigerator is out of order or being defrosted.

Cold Box

Equipment and practices used to ensure a constant temperature for a product that is not thermostable (such
as vaccines, serums, tests, etc.), from the time it is manufactured until the time it is used. It also includes all
the temperature monitoring equipment and routines.

Cold Chain

The number of hours the temperature inside a passive cold chain container stays below +8¢ C. This depends
on the ambient temperature, the number of times the box is opened and for how long, the number and
temperature of the ice packs used, but also on the quality of the box, how well it closes and insulates. Cold
life tests are performed at +43¢ C. Do not confuse “Cold life” with “Cool life”.

Cold Life

Cool Life The number of hours the temperature inside a passive cold chain container stays below +202 C.

Also referred as “ice packs”, are flat, square plastic bottles that are filled with water and cooled. They are
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they consist of a polystyrene box inserted in a cardboard box for transport of large quantities of vaccines in
favourable circumstances (e.g. in an airplane). They have a limited cold life (often with a maximum of 4
days).

The process of national regulatory authority evaluation of an individual lot of a licensed vaccine before
giving approval for its release on to the market.

A document summarizing all manufacturing steps and test results for a lot of vaccine, which is certified and
signed by the responsible person of the manufacturing company. Also called “lot summary protocol”

Small cold boxes, portable by one single person, used to keep the vaccine cold for short transport, or to
store vaccines temporary just before vaccine administration. There are many types.

Global program initiated by WHO with the objectives to ensure immunization of all children against certain
diseases (such as measles, rubella and tetanus) and to eradicate poliomyelitis, and to extend all new
vaccine and preventative health interventions to children in all districts in the world.

WHO audited and pre-qualified medical equipment based on Performance, Quality and Safety (PQS)
requirements. The list of validated equipment is accessible online and used by several agencies as reference
for procurement.



Ready-to-use Vaccine Vaccines that come as a liquid and are ready to use in the person.

The vaccines that come in a lyophilized (or freeze-dried) state and need to be reconstituted at the
Reconstituted Vaccines vaccination site. The latter come in two vials: one for the lyophilized vaccine, the other containing the
diluent (saline solution).

Solar Direct-Drive (SDD) Refrigeration technology for solar powered devices that avoids the batteries for energy storage.

The process of mixing freeze-dried vaccine with the diluent. Consider that vaccine produced by one

Vaccine Preparation
P manufacturer must never be used with diluent produced by another.

Sensing/Monitoring Specialized instruments that remotely monitor and log data on cold chain facilities, including ongoing
Equipment inside/outside temperatures, and temperature events.

Cold Chain Equipment

There are two main ways to preserve temperature in the ranges that the vaccines
require:

1. Keeping the vaccines in a container able to continuously produce cold by itself
(i.e. an electric fridge).

2. Keeping the vaccines in a container together with a cold material able to emanate
cold for a certain period of time (i.e. a box loaded with ice).

The first method is called active cold chain, as the container “actively” produces the
cold required. Such devices are commonly referred as refrigeration units. It includes:
refrigerators, freezers, cold rooms and air conditioners. It is mostly used for storage.

The second method is called passive cold chain, as the container is passive, and only
retains cold from the stored item itself. Such devices are commonly referred as
isothermal boxes or insulated shipping containers or passive containers. It includes:
cold boxes, vaccine carriers and insulated boxes. It is mostly use for transport.

Active cold chain requires regular energy supply, while passive cold chain requires
continuous cold supply, normally water ice, carbon dioxide ice (also known as “dry
ice”) or refrigerated or frozen Gel packs.

Active Cold Chain

Active cold chain devices use mechanical or electric systems, powered by an energy
source, combined with thermostatic control to maintain desired temperatures.



The main technologies used to produce cold are: compression, absorption, solar
battery powered and solar direct-drive.

Compression Refrigerators

Also known as “Mains powered refrigerators”, these are the models most commonly
used. They run solely on electricity. These models use little energy, require little
maintenance, produce significant amounts of cold quickly and are easy to repair. They
are equipped with a thermostat for setting the desired temperature.

Vaccine storage refrigerators are designed to operate in different climatic conditions;
some models require as little as eight hours of energy per day. They are built with
double wall and an internal ice lining surrounding the vaccine storage area. The frozen
icepacks maintain the temperature below +8°C during lack of external power or
electricity supply failures. They are known as Ice-Lined Refrigerators (ILRs).

Compression type refrigerators are loaded with a coolant fluid agent which in the form
of gas is pumped by a compressor to the condenser where it forms as a liquid. This
liguid later vaporises in the evaporator, capturing heat and therefore cooling the
surrounding air. The gas returns to the compressor to begin the cycle again, as long as
the thermostat keeps the circuit closed and the compressor running.

There are four different types of compression refrigerators and freezers: (1)
Refrigerator only, (2) Freezer only, (3) Refrigerator and Freezer (with different
compartments), and (4) Refrigerator or Freezer (the entire unit is used either as a
refrigerator or as a freezer).

Absorption Refrigerators

These types of devices draw energy from kerosene or gas (butane or propane)
normally combined with an alternative electrical connection. The coolant agent used in
these devices is a solution of water, ammonia, hydrogen with a small quantity of anti-
corrosion. The cooling circuit is closed; therefore, it is not possible to fill it with or
repair it if there is a leak.

They are suitable for situations where electricity is not available or reliable, but
running costs are expensive due to its continuous fuel consumption and it can be
difficult to control the temperature within the recommended parameters. Moreover,
absorption refrigerators are less energy efficient, produce less cold, are slower,
environmentally unfriendly and contribute to greenhouse gasses.



Because of all the above-mentioned reasons, some agencies no longer recommend the
procurement of absorption type refrigerators, preferring solar powered systems.
However, this type of devices is still used in some remote regions.

Solar Battery-Powered Models

Battery-powered solar refrigerators were introduced as an alternative to the
absorption type refrigerators. They are a solution to the challenges of storing vaccines
in locations without reliable electricity or with electricity problems.

In the battery-powered solar refrigerators, the power flows from the solar panels to the
battery though a charge controller, which also releases the power either from the
panels or from the batteries to the refrigerator. In the absence of sunlight during
cloudy days or at night, the refrigerator relies in the energy stored in the lead
batteries. In these devices, the power is used to run a DC compressor, pushing the
refrigerant through the cooling system, following a similar cycle as in any other
compression type refrigerator.

However, experience gained over the time has shown that this technology is more
expensive than absorption and grid-powered options. Furthermore, the degree of
reliability of solar power decreases as lead-acid batteries require maintenance, are
often used for other purposes and must be replaced about every three years. In
addition, the batteries contain toxic materials that are difficult to dispose of safely.

Solar Direct-Drive Models

Solar direct-drive (SDD) models eliminate the dependency on the batteries used to
power solar refrigerators. The energy is directly supplied by the solar panels: when
sufficient light is captured, a DC compressor pushes the refrigerant through the
cooling system to form ice in a compartment separate from the vaccine storage unit.
This ice bank serves to store thermal energy rather than chemical energy, keeping the
fridge cold even in the absence of sun.

There are two categories of SDD refrigerators - those that are entirely battery-free and
those that use a smaller, ancillary battery to assist fans and controls. Ancillary
batteries used in SDD refrigerators require eventual replacement and project planning
must include this cost and consideration. However, the ancillary batteries are much
smaller and less costly than those used to power compressor motors in first-generation
battery-powered systems.

Passive Cold Chain



Passive Cold chain devices do not produce cold but can maintain temperature for a
limited time. Passive solutions are mainly used for keeping vaccines cold during
transportation. The technology is fairly simple and requires low level of skills: pre-
cooled packs (normally with frozen water, carbon dioxide or gel) are put into an
insulated box packed together with the vaccines.

There are two main type of devices - reusable containers (cold boxes and vaccine
carriers) and disposable boxes.

Cold Boxes - Insulated reusable containers that loaded with coolant packs are used to
transport vaccine supplies between different vaccine stores or to health facilities. They
are also used to temporarily store vaccines when the refrigerator is out of order or
being defrosted.

The vaccine storage capacity of cold boxes ranges between 5 and 25 Litres and its
cold life can vary from a minimum of 48 hours to a minimum of 96 hours (known
respectively as “short range” and “long range” cold boxes).

Vaccine Carriers - Insulated reusable containers that, when lined with coolant packs,
keep vaccines (and diluents) cold during transportation from health facilities with
refrigeration to vaccination sites where refrigeration and ice are not available. They
are smaller than cold boxes and therefore easier to carry by a single health worker
travelling on foot or by other means, where the combined journey time and



immunisation activity ranges from a few hours to a whole day. The vaccine storage
capacity of vaccine carriers are between 0.1 and 5.0 Litres.

Disposable Insulated Boxes - (also known as Insulated shipping containers)
Insulated containers, manufactured in carton or moulded foams such as polyurethane,
polyethylene or expanded polystyrene (EPS). Some are designed for single use while
others are returnable for reuse. They are used for the transport of vaccines over long
distances. Normally used for products delivery from the central suppliers to main
vaccine stores. Their storage capacity, temperature range, cold life and resistance
vary among different solutions: some solutions are suitable for Road transport with
hold on times between 36-48 hours while some other solutions are suitable for air
transport with hold on times up to 120 hours. One main concern related to disposable
insulated carton boxes is its single-use lifespan and its low-cost material composition
of EPS and water-based gel packs, rarely recyclable.



Cold Chain Storage for Vaccines

Estimating the Required Storage

The required storage capacity will determine the right cold chain solution. The required
storage capacity for a given cold chain will depend on:

1. The quantity
2. The type of vaccines to be stored

Quantity of Vaccines - will depend on the targeted population to be immunised, the
vaccine consumption and the vaccine supply frequency and reliability.

The calculation of vaccine consumption requires a careful analysis of existing public
health data, targeted coverage and a consideration of future requirements. It is
important to plan not only for current needs, but also for future needs.

It is advised to add a safety margin in the storage capacity to respond to stock peaks
that may overwhelm the cold chain storage capacity (see figure below, taken from
WHO Guideline for establishing or improving primary and intermediate vaccine stores).
Stock peaks occur when the volume of vaccine actually distributed in the period
between any two supply intervals is less than the volume predicted to be distributed
during this period. They can also arise if a vaccine delivery arrives earlier than
anticipated. Overstocking and under-stocking are also caused by seasonal fluctuations



in demand, campaigns, National Immunisation Days and so forth.
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In addition to stock peaks, it is recommended to maintain some extra store capacity as
back-up to overcome equipment malfunctioning or maintenance (i.e., emptying a
refrigerator for defrosting).

Type of Vaccine - of key importance because different vaccines have different
presentations. The most common are vials (or ampules), but also, single-dose pre-filled
syringes may be stored. Depending on the vaccine, vials can contain different number
of doses, normally 1, 10 or 20 doses. Because of these different presentations, the key
variables used to calculate the required volume for vaccine storage are the number of
doses to be stored and the estimated volume per dose. The estimated volume per
dose (or packed vaccine volume) quantifies the space needed to store or transport
vaccines and diluents and will depend on the number of doses per vial, the physical
size of the vial or ampule (primary package) and the bulkiness of the external
packaging (secondary packages).

Multi-Dose Vaccine Vial Single-Dose Pre-filled Vaccine Syringe
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It is important to consider that some presentations include the diluent in the same
packaging as the vaccine. In such cases it is necessary to refrigerate the diluent as
well as the vaccine. In all cases, diluents should be refrigerated 24h prior to vaccine

preparation. Refrigeration of diluents is normally done in the last step of the vaccine
supply chain.

Whenever possible, the packed vaccine volume per dose should be calculated using
data from the vaccine manufacturer or supplier. The World Health Organisation (WHO)
and the United Nations Children’s Fund (UNICEF) online databases provide access to
data on the packed vaccine volume per dose or the dimensions of vaccine and diluent
packaging for WHO-pre-qualified vaccines.

To calculate required vaccine storage capacity, it is recommended to use the WHO
guidance document for vaccine volume calculation: How to calculate vaccine volumes
and cold chain capacity requirements.

Measuring the length, width and height of the vaccine packaging and dividing the
resulting volume by the total number of vaccine doses contained in that packaging,
may be an alternative method for vaccine volume calculation.

Evaluation of Existing Cold Chains

Cold chain encompasses the infrastructure, the equipment, the people and the
management processes and its implementation. The following criteria (adapted from
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WHO Effective Vaccine Store Management initiative) are universal conditions that can
be used during any cold chain assessment.

Assessing the Management Processes

Assess the availability of a cold chain management policy or standard operating
procedures. It should be available and applied. Cold chain management policy or
standard operating procedures should include clear information on:

e Designated staff members responsible for the cold chain management, including
the decision makers accountable for ensuring the required resources.

e Vaccine stock requirements specific to the workplace, both in terms of volume
and temperature ranges.

e The “safety stock level” and the “maximum stock level” for each vaccine. Stock
levels should be maintained between this range.

e Vaccine ordering and stock management processes, including:

o Stock records.

o Process to order, receive and dispatch vaccines, including the equipment
required in all deliveries, such as Freeze indicators.

o Standardised recording and reporting of all stock transactions.

o Process for managing damaged vaccines and respective process for
quarantine, disposal or reverse logistics.

o general warehousing practices like periodic physical inventories.

e Temperature monitoring process: required equipment, templates, schedule and
reporting processes.

e Operation and maintenance plan, including a specific schedule for all the cold
chain equipment. It should include a designated person or service provider
responsible for the servicing of the power sources and cooling equipment.

e Actions if the temperature recordings are outside the +2°C to +8°C range.

e Emergency plans and equipment for use in the event of refrigerator failure and/or
power outage, including a nominated back -up provider.

e The processes to ensure sufficient funds to cover the required equipment and
consumables. A replacement plan for cold chain equipment reaching the end of
its lifespan should be considered.

Assessing Cold Chain Equipment

The assessment of the cold chain equipment should include both active and passive
cold chain devices as well as other cold chain material such as coolant packs and
temperature monitoring equipment. For the existing cold chain equipment, assess:
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Capacity - The capacity of cold storage should be sufficient to meet the demand. The
store should be able to accommodate peak stock levels for all the vaccines in the
program, including campaign vaccines.

Load - The vaccines should be correctly arranged inside the refrigerators, letting
enough space for the cool air to flow. Each device containing vaccines should be
equipped with (at least) one thermometer or data logger. Temperature monitoring
sheets should be attached to the device and records up to date.

Temperature performance - All vaccines should be stored within recommended
temperature ranges. Continuous temperature records should be available, and
demonstrate that vaccine has been stored correctly. Devices used for temperature
recording should have an accuracy of £ 0.5°C.

There shouldn’t be evidence of freezing in the vaccine compartment (noting the means
of verification: electronic monitoring data, manual temperature data, shake test).
Presence of frozen vaccine vials should be checked as well as the presence of water
droplets or wetness on walls of the vaccine compartment or on vaccine vials or boxes

Condition and robustness - Assess if the equipment broke or malfunctioned in the
near past and how often this happened. Also, if repairs were performed, indicate the
type of repair and if spare parts were used. It is important to consider if the
malfunctioning resulted in the inability to use the equipment.

The age and past handling of the equipment could be a vulnerability factor: assess its
first “use date” and past history. Be aware that refrigerators have a life duration of
about 10 years.

Assessing Infrastructure

The infrastructure should enable the cold store to function effectively. This includes
the adequateness of the store building (the location and the construction standard)
and the basic utilities, particularly the power supply feeding the active cold chain.

All infrastructure should be of a satisfactory standard and correctly maintained
through planned preventive maintenance. Emergency repairs should be exceptional
and conducted in a timely manner. There should exist reports on maintenance and
repairs. Adequate supplies of spare parts, consumables and fuel should be available. If
relying in an emergency generator, it should be also well serviced and operational.

Assessing Human Resources



The assessment of the human resources involved in the cold chain management
should include (1) the responsibilities, (2) the correct staffing and (3) the knowledge
and capacities.

The responsibilities and tasks should be clearly specified for each person with a role to
play in the cold chain management. To assess it, verifying the availability and
accessibility to job descriptions is the straight manner. Responsibilities related to cold
chain management should be described for all management levels and for every step
of the chain: from the personnel monitoring temperatures to decision makers and
budget holders.

There should be enough Human resources to operate the store effectively. Even in the
smaller vaccine store sites, two or more staff should be appointed to ensure the
coverage during unexpected events. A work-plan should guarantee the coverage
throughout the whole year.

All the pertinent personnel should be trained in the management of the cold chain.
Records of assistance to briefing or training sessions could demonstrate these. In
addition, the personnel should have access to the guidance policy or the standard
operational procedures.

Suitable Technology and Equipment
for Storage

Operational Needs

The operational needs are basically determined by the type of service aimed to be
covered and the capacity of storage required. Because of the level of investment and
the strategic importance of the cold chain, it is important to apply a long-term vision
and plan the needs for the next 5-10 years.

It is important to determine the function of the storage facility within the whole
vaccine supply chain and to decide whether or not the site will need to produce
coolant packs for outreach, mass vaccination campaigns or recurrent vaccines delivery
to other sites. This is mainly because coolant packs should not be stored in the same
compartment as vaccines. Therefore, in case coolant packs are to be regularly
managed, facilities should use either dual compartment devices, or two separate
devices - one for storing vaccines and one for storing coolant packs. In this last



scenario, small front-opening refrigerators or refrigerator/freezer combinations are
best used at health facilities, where easy access to vaccine and a separate freezing
compartment for ice packs are needed. The chosen refrigeration solution should have
the capacity to store the required number of vaccines and produce the required
amount of coolant packs.

Check the information above about Estimating the required storage capacity to
determine the needs and then, the right device size for a facility.

Keep in mind that the capacity of refrigerators ranges approximately between 30L and
200L of net vaccine storage volume. For storage facilities with required capacity
exceeding a considerable number of refrigerators, a cold room could be less flexible
but a more efficient solution. Walk-in cold rooms (WIC) and walk-in freezer rooms (WIF)
are refrigerated enclosures accessible via at least one door and large enough for a
person to walk into, housed within existing buildings. Consider that WICs and WIFs are
compression type refrigerators and require reliable power supply.

WICs and WIFs are an important storage point in the temperature-controlled supply
chain and usually used at the central or national level or near shipping ports used for
import/export of vaccines. For comprehensive information on how to choose the
correct Walk-in cold rooms (WIC) and walk-in freezer rooms (WIF), refer to UNICEF
Procurement Guidelines for Walk-In Cold Rooms And Freezer Rooms.

Top-opening refrigerators and freezers (also known as chest refrigerators and freezers)
are the first choice for bulk vaccine storage in places where cold rooms or freezer
rooms are not justified.

Context and Available Infrastructure

The context of use and the available infrastructure will influence the access to
different power sources, the possibility to use solar devices and the available space
and conditions to locate the cold chain equipment.

Accessible Power Sources

It is of key importance to ensure the reliability of the power source for the active cold
chain: mains, solar, kerosene or butane. Having access to reliable electricity will back
the use of electricity-powered devices - such as ILRs and on-grid freezers - since they
have a lower Total Cost of Ownership than solar or passive devices for the same
amount of storage.



Off-grid facilities should use devices that can generate their own power (such as
SDDs), devices that can keep vaccines cold for long periods of time without power
(such as long-term passive devices) or absorption type refrigerators (such as butane or
kerosene refrigerators). These devices often cost much more to purchase than on-grid
devices, and their operational and maintenance costs tend to be higher than for the
electricity-powered devices. Therefore, it is of key importance to ensure ongoing
funding in place for the lifespan of the equipment.

The choice of devices should correspond to the number of hours of electricity that a
facility can access per day, and the length of electricity outages it experiences. WHO
and UNICEF recommend that all primary vaccine stores should be fitted with a
generator with automatic start up, regardless of the reliability of the mains power

supply.

Solar devices are suitable for those facilities with sufficient solar energy available at
installation locations: basically, strong enough sunlight all year round and clear
surroundings without buildings or trees. Be aware that mountainous areas and coastal
regions may have micro-climates with prolonged cloud cover. In these cases, the
choice of solar technology will be limited and its implementation will require careful
design to ensure adequate performance. In addition, it is advised to have a solar
service provider able to deliver all necessary services, including site assessments,
equipment installation, training, corrective maintenance, and repair.

The following figure, taken from WHO, Introducing Solar-Powered Vaccine Refrigerator
And Freezer Systems, A Guide For Managers In National Immunisation Programmes,
provides a decision tree to guide in the selection of the most appropriate energy
source for vaccine refrigeration:
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Room Available

Cold Rooms are bulky items and require considering if the model ordered will fit into
the allocated room (including height), allowing for enough space for access and
ventilation. Some are prefabricated, allowing to be assembled in any pattern and to
any size, with quick and easy installation which can be applied to any context. For
further instructions on the installation and pre-operation of Cold Rooms and Freezer
Rooms, follow UNICEF Procurement Guidelines for Walk-In Cold Rooms and Freezer
Rooms,

Refrigerators and freezers are available in several shapes and sizes. Top-opening
refrigerators and freezers, although are the first choice for bulk vaccine storage,
occupy more floor space per litre of vaccine than front-opening models. Front-opening
refrigerators or refrigerator/freezer combinations are easier to accommodate in
reduced spaces and offer an easier access to vaccine.

Operating Temperature Range

It is important to take into account, as part of the environment criteria, the ambient
operating temperature range where the refrigerator or freezer performs. This
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information should be provided by the manufacturer. Though a standard is a range
between +5°C and +43°C, some models have a maximum ambient operating
temperature of +32°C.

Support and Standardisation

As a general rule, when possible and if reviews show that the cold chain is well
managed and that temperature monitoring procedures are reliable, select cold chain
equipment similar in technology to the one already in place. This has obvious
operational advantages.

It is important for the sustainability of the storage facilities to have access to
professional in-country installation and maintenance support, including availability of
spare parts. In this sense, the device's warranty and after-sales support from the
supplier are fundamental.

Environmental Considerations

Environmental criteria should also be considered when choosing the cold chain
equipment. Compression type refrigerators are loaded with a coolant fluid agent
(refrigerant). Manufacturers select refrigerants to suit the specified operating
temperatures. The type of refrigerant used has evolved together with the growing
environmental concerns. Until recently, the use of chlorofluorocarbons (CFCs) was
widespread, but in 1987 the Montreal Protocol restricted its use due to its effect on the
ozone layer. CFCs were replaced by hydrofluorocarbons (HFCs), like R134a, a popular
refrigerant currently in use but still having a high Global Warming Potential (GWP).
There is an expected cut-down in the use of HFCs and progressively new production of
cooling instruments will probably be limited to Hydrocarbon (HC) refrigerants. HC
refrigerants, like R600 or R600a, known as green or natural gases, have a GWP value
roughly on the same level as CO2 but are extremely flammable.

Total Cost of Ownership (TCO)

Any vaccine storage site will require a considerable level of investment for its
acquisition, installation, operation, maintenance, renewal and decommissioning.
Understanding the costs of purchasing and maintaining cold chain equipment over
time is basic for the planning and the sustainability of the vaccine storage facilities. To
make the proper decision in the selection of equipment, the Total Cost of Ownership
for Cold Chain Equipment must be considered.

Domestic appliances, though cheaper and locally available, are considered unsuitable
for vaccine storage, particularly in hot climates. WHO recommendations on this matter



https://log.logcluster.org/sites/default/files/2022-08/WHO%20Guideline%20for%20Establishing%20or%20Improving%20Primary%20and%20Intermediate%20Vaccine%20Stores.pdf

are as follows:

e Standard domestic refrigerators should only be used for vaccine at the peripheral
level, and then only if water bottles are used to improve temperature stability.
This is especially true in hot climates. Domestic refrigerators are unsuitable for
vaccine storage because they are not designed to maintain the temperature
range required and they warm up quickly when the electricity fails.

e Domestic chest freezers should not be used to store vaccines but may be suitable
for freezing ice packs.

Other technical reasons to avoid using domestic refrigerators to store thermo-sensitive
pharmaceutical products are: its lighter insulation and imprecise regulation of the
temperature, the heterogeneity of the temperatures at different areas inside the
container and the variations in temperatures in case of automatic defrosting.

The concept of total cost of ownership (TCO) refers to all costs associated with owning
and operating a unit of equipment over its useful life expectancy. It helps to evaluate a
purchasing decision based on the comprehensive costs of owning and operating a
piece of equipment over its useful life or a set period of time. TCO is calculated adding
the capital costs and the operating expenses.

Capital costs are one-time costs incurred at the time of purchase. It includes: the costs
of the equipment, recommended spare parts, in-country transport, installation kit, and
installation labour.

Operating expenses are the recurring costs over the useful life of the equipment. This
includes cost of energy (electricity, gas, kerosene), maintenance, repairs and
decommissioning plus the costs of operation and training of staff.

Taking in consideration that devices that can generate their own power such as SDDs
often cost much more to purchase than on-grid devices and that absorption type
refrigerators tend to have higher operation costs, a first step in the process is
comparing the costs of the different technologies suitable for the site.

Once a decision on the technology has been taken, a comparison of models will be
pertinent. Compare the unit price, useful life, frequency of maintenance required and
technical individual device characteristics such as:

Holdover time for ILRs based on a facility’s power reliability.
Autonomy time for SDD devices based on regional climate factors.
Freezer capacity for ice pack production.
Ease of use, including:
o Readability of control panels and displays by a standing health worker



o Use of internal storage racks, boxes or drawers to help organise vaccines
and separate other medicines that are stored in the device.
¢ Voltage stabiliser integration.

To evaluate the cold chain equipment options from a cost perspective, it is advised to
use the “PATH Total Cost of Ownership tool”. The tool allows users to explore the
capital and operating costs associated across various cold chain equipment technology
categories, as well as to compare costs for specific models within a technology
category or across multiple technologies.

For further information on how to choo