Medical Cold Chain Equipment
Looking to the Future

Envisioning more comprehensive coverage with
improved vaccine storage and transport devices

In many parts of the world, delivering vaccines
to off-grid regions is complicated by the need
to keep them sufficiently cold. The World Health
Organization (WHO) estimates that globally
25-50% of vaccines are wasted annually, due in
part to problems with maintaining a refrigeration
“cold chain” during delivery. Fortunately, new and
improved medical Cold Chain Equipment (CCE)
will help create a more effective supply chain for
delivering life-saving vaccines.
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Systemwide improvements in CCE coverage will
address three primary concerns: better coverage
via deployment of sufficient quantities
of CCE to serve all vaccine storage needs;
increased up time through reliable monitoring
and maintenance systems and programs; and
an optimal technology mix with accelerated
deployment of emerging technologies best
suited to operating environments and user needs.

General Assessment of Coverage
According to UNICEF, there is a severe lack of CCE
coverage among populations who need it most.
Only two percent of all healthcare facilities across
57 nations in Sub-Saharan Africa had optimally
suited CCE technology to store and protect vaccines. Successful deployment of CCE systems
involves three key factors: power variability concerns; logistical challenges for reaching isolated
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and remote populations; and harnessing the value of
device monitoring and data collection.

Power Variability
A core concern for much CCE is the reliability of
the electrical power grid. The cold chain landscape
has historically segmented health facilities into
the following four power-availability categories
each shown with the projected percentage of
facilities in each category for the year 2020.
• Off-Grid (39%) – No power access.
• Minimal (10%) – Less than 8 hrs/day power.
Power cuts of more than 48 hrs.
• Moderate (42%) – 8-22 hours/day power.
Power cuts of less than 48 hours.
• Reliable (9%) – More than 22 hours/day power.
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These categories provide an approximate basis
for comparison. However there is typically considerable variability in the timing of power cuts
within a category—and even which category
applies to a facility. Due to lack of maintenance
and other factors, power supply may differ significantly or fully break down and become completely
unavailable.
Beyond simple on-or-off metrics, voltage variances
pose additional threats to CCE. Power variations
may cause electrical equipment to only partially
function or even completely fail in a low-voltage
“brown out” situation. High-voltage spikes have the
potential to destroy CCE that is not properly
protected. The adjacent graphic illustrates the type
of power variability experienced at many health
facilities across Sub-Saharan Africa. Voltages
outside the normal range are common.

help mitigate the concern of power spikes. Voltage
stabilizers can also be used to extend the operating range of CCE by transforming excessive
voltage values down to the safe operating range.
But the protective devices may not be designed
for the CCE to which they are applied. And some
equipment is installed without any such protection. Going forward, CCE standards will be
requiring voltage protection.
Grid reliability is one of the central factors in CCE
purchase decisions. In addition to providing
effective cold storage with intermittent power,
the equipment must be properly protected
against possible damage from power variability.

Outreach and Off-Grid Scenarios

“Outreach” is defined as mobile immunization
provided with vaccines carried in portable insulated
containers chilled by ice or cold water packs.
Many health facilities employ surge protectors to
Typically, outreach is a primary
approach for reaching isolated and
remote populations. Many countries also use this method as their
Extreme Voltage Variance, Example
main mode of delivering vaccines—
25,000
even in more populated areas.
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The use of ice packs tends to be
logistically cumbersome considering the effort required to freeze
and maintain them until the point
of use and then properly prepare
them for actual use. If they are too
cold upon loading into the carrier,
they can freeze and destroy the
vaccines. Ice packs will provide
sufficient cold life for single-day
missions, but in hot climates they
may not hold temperature much
longer. This presents obvious
limitations for potential extended

outreach, such as multi-day and pulse campaign
scenarios that can help to fully reach greater area
and more small pockets of remote populations and
other groups that are important for eradication
and overall immunization coverage.
Constraints of ice-based outreach can be overcome with a new type of freeze-free shelf-stable
vaccine carrier that is charged and stored (while
fully maintaining its charge), then activated later

Some sub-Saharan power grids are particularly unreliable. Voltages here observed in a set of 20
clinics in a West African nation. Data collected in collaboration with eHealth Africa
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information to support system improvement
decisions.
Basic monitoring of vaccine storage temperatures
can provide immediate alarm for any out-of-range
condition, and with remote communications can
trigger corrective action to avoid the loss of valuable
vaccines. More advanced monitoring can observe
incoming line power and other performance
parameters of CCE. Continuous monitoring and
recording of device performance and as well as
environment and grid conditions will provide
valuable information for identifying and averting
failure modes. Large-scale deployment of monitoring as part of CCE will help to build a consistent
understanding of the operating environment that
this equipment needs to survive in.

Nigerian healthcare worker confirms that a household has been vaccinated. Cold Chain Equipment serves rural and urban populations.
Photo credit: Alexander Upfill-Brown

to provide immediate cooling whenever and
wherever needed. Pairing this new type of device
with long-holdover containers opens up new use
case options for a wide variety of outreach
approaches.

not require temperature conditioning and, if
properly frozen, does not risk exposing vaccines
to sub-zero temperatures.

Solar Direct Drive devices offer additional options
for supporting for off-grid facilities. Besides
providing ongoing cold-chain support at the
health facility, new technologies may enable use
of Phase Change Material (PCM) in the cold packs
(instead of ice) for outreach support. PCM does

Performance monitoring of CCE within the vaccine
supply chain is a manual process involving paper
records stored in file cabinets. These data collection methods can be improved via automated
data collection technologies that enable immediate
alerts of any concerns as well as aggregation of
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Device Monitoring and Data Collection
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As CCE performance data is captured on the
device, it can be systematically processed to better
communicate information to maintenance
personnel and decision makers. The data can be
transferred via USB port, Wi-Fi, or Bluetooth to a
handheld device or media and passed to a centralized system. In the future, CCE devices will benefit
from standards for protocol and connectors,
through which performance data can be communicated and transported. Networked data collection may offer greater reliability, accountability, and
immediate notification and correction of concerns.
Whether manually transferred or networked, data
collection and aggregation requires a centralized
authority to take responsibility for the collected
information.

Looking Ahead
Global Good CCE development efforts seek to
respond to these challenges and opportunities so as
to provide better cold-chain coverage and, ultimately,
to save more lives.
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Arktek PSD Passive Storage Device
Providing critically important coverage for remote, off-grid populations,
this WHO prequalified device safely stores vaccines in a hot-zone
environment for more than a month on a single ice-block load.

KEY FEATURES
• No external power required—only ice
• Provides more than one month of vaccine storage for
each ice pack replenishment

Building upon proven technology used for decades to protect spacecraft from temperature
extremes, the Arktek PSD is a super-insulated
container optimized to safely store vaccines
between 0 °C to 10 °C for 35 days or more using
only ice packs in hot zone conditions (43 °C day
/25 °C night). The ice packs can be replenished
for continued use.

• Automated temperature monitors ensure safe storage
• Easy to use with minimal maintenance
• No installation or set-up time
• Portable and durable

COMMERCIALIZATION

The Arktek PSD container requires no external
power for the cooling effect and no costly set-up
time or maintenance. It has built-in temperature
monitors to ensure vaccine quality and safety.

China-based Aucma is our commercialization partner for
production and distribution of the Arktek PSD.
Arktek PSD is already saving lives in families in Sub-Saharan Africa.

WHO PQS Prequalification
(Performance, Quality and Safety)

MARKET COVERAGE

Vaccine container stacks are safely stored
between freeze blocks inside the Arktek.
www.GlobalGood.com
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STORAGE CAPACITY

The colored block represents portion of the entire
market that is covered by the device relative to grid
access and needed capacity.

Small 		

Based on lab testing and field-test results, the
Arktek PSD was prequalified by the WHO as a
long-term vaccine cold-storage device (PQS
E004/041). Global Good’s commercial partner,
Aucma, is manufacturing and commercializing
the product to make an impact at scale.

Arktek PSD
8%
Off
Grid

Minimal
Power

Moderate
Power

Reliable
Power
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Arktek PSD Passive Storage Device

Thermal Defense

PROVEN PERFORMANCE
Rigorous field demonstration was successfully
conducted in Sub-Saharan African countries — in
collaboration with PATH in Senegal and UNICEF in
Ethiopia. The testing was performed in remote
locations under a wide range of usage conditions.
The Arktek PSD met and exceeded expectations for
vaccine delivery in remote areas. On a single load of
ice blocks, the device kept vaccines at appropriate
temperatures for more than a month in regular clinical
use with repeat daily vaccine retrievals. The Arktek
PSD proved to be easy to use, effective, and reliable in
providing stable, appropriate temperature control
without the need for external power.

Deployments
By late 2017, more than 500 Arktek devices had been
put into ongoing service. Deployment locations
include India, Nepal, Fiji, Haiti, Pakistan and multiple
African nations: Ethiopia, Ghana, Liberia, Nigeria,
Senegal, Liberia, Mozambique, and Sierra Leone.

The design is centered around
the core vacuum-walled flask,
which integrates advanced
design and materials to reduce
heat transfer. The connection
between the inner and outer
shells is comprised of a fiberglass tube to provide structural
support and a stainless steel
bellows to provide a vacuum
barrier. This minimizes potential
heat conduction from the outer
shell to the inner shell.
The vacuum maintained between
the inner and outer shells helps
to eliminate convection. Additionally, reflective Multi-Layer
Insulation (MLI) wrapped around
the inner shell minimizes
radiative heat transfer.

HOLDOVER
43 °C day/25 °C night ambient temperatures
(Brief spikes reflect device openings in actual usage.)

Working together, these advanced design elements in the
Arktek PSD provide the necessary thermal performance to
respond to the cold-chain
challenge.
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T E M P E R AT U R E ° C

The Arktek PSD combines
several technologies to maintain
stable internal temperatures for
vaccines. Their essential role is
to defend again warming from
external heat sources.

10
8
6

Convection – Adjacent
regions of cold and
warm air will naturally
intermingle, thus
causing the cooler air to
warm up. The deep
access opening with
bellowed walls reduces
potential convection
during retrieval of
vaccines.

Thermal radiation – Heat transfers through space
in the form of electromagnetic waves that are
inherent in all environments. The MLI in the Arktek
deters thermal radiation from reaching the ice
blocks and vaccines.

Conduction – Heat propagates across materials that
are in physical contact. The Arktek uses materials
with lower thermal conductivity and a vacuum flask
to provide a no-contact temperature barrier.
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Arktek DF Deep-Freeze Capabilities
Extended temperature range options expand upon the field-proven
capabilities of the original Arktek storage device.

KEY FEATURES
• Extreme low temperature storage
• Maintains -70 to -80 °C hold time for six days
• Ideal for low-resource settings

The Challenge

• Robust low-temperature data logger

The ultra-cold-capable Arktek DF was developed
as a much-needed solution amid an extremely
challenging health crisis.

• Remote monitoring system
• No installation needed
• No complex parts to maintain

In early 2015, as the Ebola epidemic raged in West
Africa, health authorities aimed to test newly
developed Ebola vaccines. These vaccines needed
to be transported and stored at -60 °C to -80 °C,
an ultra-low temperature range known to be safe
to maintain the efficacy of the vaccines. Furthermore, they needed to be kept in this condition for
at least three days amid extreme heat in resourceconstrained areas of Guinea and Sierra Leone.
The WHO and CDC also specified a needed storage
capacity of 200 doses at a time, minimum maintenance, ease-of-use, and robust logging of vaccine
temperatures as required for verification in a
vaccine trial.

The Response
In rapid response to the urgent need, Global
Good and IV Lab mobilized a team of engineers
to modify the super-insulating Arktek PSD from its
original designed range of 0 to 10 °C to the required ultra-cold range of -60 to -80 °C as needed
for the Ebola vaccine trials.
This reconfiguration was facilitated by using an
alcohol-based liquid in the freeze blocks in place
of the water found in the initially designed use.
This selected substance, known as a Phase Change
Material, or PCM, holds a stable -78 °C temperature.
Tested in the IV Lab environmental simulation
www.GlobalGood.com

• 5L vaccine capacity

Vaccine trials included detailed tracking of known Ebola cases by region.
Image Credit: WHO

chamber, the Deep-Freeze PCM application
demonstrated reliable thermal performance
with a hold time of six days under hot climate
zone conditions (43 °C day / 25 °C night). The
results from the field use in Sierra Leone and
Liberia met and exceeded the expectations
from CDC and WHO, and made Ebola vaccine
trials in these two countries great successes.
Other modifications included rapid design and
manufacture of metallic freeze blocks, to be
better able handle the stresses of ultra-cold
conditions. And for the needed record keeping
and performance tracking as outlined by the
WHO and CDC and drug trial requirements,
electronic equipment was added to enable the
recording of temperature information.

© 2017 Intellectual Ventures

Arktek DF with equipment added for temperature recording.
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Arktek DF Deep-Freeze Capabilities

About Phase Change Materials (PCM)

POTENTIAL ADAPTATION
The Arktek DF is capable of adaptation for additional applications.
• If hold times are longer than what can be logisti-

Materials can exist in more than one state or
“phase” (e.g., solid, liquid, gas) depending on
temperature condition. Water is a good
example: ice, liquid, steam. Generally,
applying heat increases the material’s
temperature fairly proportionately. But this is
not necessarily the case as it changes phase
—such as from solid to liquid. A phase change
can require proportionately more energy, such
as applying more heat for a longer time span.
Some materials, when frozen, are particularly
resistant to melting and will hold a very
steady temperature around their known
melting point, known as the phase-change
temperature. Materials that require a high
amount of energy to change phase are
referred to as phase change materials or
PCM. A PCM can be employed as a sort of
“thermal battery” to maintain a consistent
cold temperature near the known phasechange point.

cally supported, payloads can be substantially
increased (66%) in exchange for a small decrease
in hold time (33%).

• A range of storage temperatures can be support-

ed by changing the type of PCM used.

• If dry ice is available, substantially longer hold

times in excess of 30 days can be achieved at as
low as -80°C.

• Longer hold times are possible when storage

temperatures requirements are above -40°C.

HOLDOVER

Additional Uses

Arktek -78 °C PCM hold time (43/25 °C ambient)

While the Arktek DF was initially employed
for trial Ebola vaccines at -78 °C, other
temperatures can readily be maintained in the
device by use of different PCM materials in the
ice blocks. The Arktek DF has successfully
demonstrated hold times at -78, -20, 0, and 4
°C temperatures—which is just an initial
exploration. The device can be “tuned” to a
wide variety of possible temperatures,
depending upon the specifically selected
PCM material for use in the blocks. This opens
up possibilities for use with additional

T E M P E R AT U R E ° C
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PCM-filled freeze blocks hold steady at a
phase-change temperature around -78 °C.

vaccine types, medicines, and other products
Here are some common temperature ranges and
just a few examples of potential uses:
• Ultra-Low (-60 to -80 °C)
Ebola vaccines. Other vaccines and medical
products.
• Frozen (-20 to -50 °C)
Plasma. Various cell types, tissue, organs.
• Refrigerated (0 to 10 °C)
EPI vaccines. Blood. Biopharmaceuticals.
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Arktek SDD Solar Direct Drive
Specialized off-grid applications for health facilities without
available ice-supply logistics.

KEY FEATURES
• Solar powered refrigeration
• 10L vaccine storage capacity

Off-Grid Operation

• Indefinite hold time between 2 to 8 °C

Remote health posts depend upon district health
centers or regional hospitals to deliver the needed
vaccines and ice. However, logistical challenges can
cause the supply to be inconsistent. Thus, dependence on centrally provided ice and vaccines may
impede their immunization services. The impact is
often greater on isolated, off-grid health posts
which are least likely to receive consistent supply
of vaccines and ice.

• Requires no batteries or ice packs

• Freezes up to four 4 °C PCM ice packs for shorthaul vaccine carriers used for outreach efforts
• Fully user-independent freeze-free operation

Of particular value is the SDD’s ability to
support remote outreach operations, which
use portable vaccine-transport boxes. It can
freeze up to four 4 °C PCM packs for these
vaccine carriers, thus enabling vaccine storage
at compliant temperatures outside of the
health facility for about 18 hours. Pending
WHO approval, PCM packs may be used in
traditional vaccine carriers in place of the of
previously common water/ice packs.

Powered by a single solar panel, the Arktek SDD
provides ongoing cooling of vaccines and cold packs
www.GlobalGood.com
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MARKET COVERAGE
The colored block represents portion of the entire
market that is covered by the device relative to grid
access and needed capacity.
Large

Outreach Support

STORAGE CAPACITY

Arktek SDD can chill cold blocks for use in portable vaccine carriers.

Leveraging the core technology of the original
Arktek PSD, the Arktek SDD adds an insert powered
by a small solar panel that enables ongoing cold
operation. The Arktek SDD reliably keeps vaccines
at the required temperatures without the need for
ice logistics or user adjustments. It uses thermo-electric cooling (TEC) technology, a small
100-150 watt solar panel, and 4 °C PCM as thermal
storage to maintain cold storage temperatures
indefinitely and to also freeze portable PCM packs
for use in outreach.

Small 		

The Arktek SDD (Solar-Direct-Drive) was developed to address some of the barriers to performing
effective immunization campaigns in remote areas
lacking reliable ice supply logistics. It does so by
transforming the Arktek from a passive vaccine
storage device, with only an icedependent one-month hold
time, to a solar-powered
vaccine refrigerator with
indefinite hold time and
an increased storage
capacity of 10 liters.

• Supports remote, low-resource outreach services

Arktek SDD
32%

Off
Grid

Minimal
Power

Moderate
Power

Reliable
Power
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Arktek SDD Solar Direct Drive

Thermoelectric Cooling

PROVEN PERFORMANCE
In testing, the Arktek SDD maintained holdover
time of more than seven days without any power
from the solar panel, thus simulating cloudy-rainy
weather. This greatly exceeds the WHO SDD
refrigerator/freezer requirements of at least
three days at 10% power.

The Arktek SDD comprises several elements working
in concert to deliver efficient cooling.
• The TEC uses solar-panel electricity to pump heat
from the heat pipe to a fan-cooled heat sink.
Internal temperature is controlled by automatic
activation of the TEC as needed per a temperature
sensor.

In controlled observation, the Arktek SDD tightly
maintained vaccine temperature at +/- 0.4 °C and
was able to freeze two PCM packs in two days
while using only about 30% of the available power
from the solar panel.

• A heat pipe moves heat out of the interior of the
Arktek by using a low-boiling-point wicking fluid
while minimizing heat transfer by conduction into
the Arktek.
• Vaccine capacity is increased as half of the ice block
volume required for a standard Arktek becomes
available for storage.

LOGISTICS
• Can easily support remote temperature monitoring.

• A unique Phase Change Material that freezes at 4 °C
in place of ice blocks eliminates any risk of inadvertently freezing vaccines.

• Easier installation and maintenance than with other
SDD refrigerators.
• Possible available solar power for other health post
use (charging lights, cell phones, etc.).

• Permanent cold blocks provide stable holdover.
Removable outreach packs are frozen using cooling
capacity in excess of what is needed to maintain
internal temperature. The removable packs recharge
within a week for regular outreach activities.

• Easy after-market add on to baseline Arktek PSD
device—enabling the option to use in SDD mode or
traditional PSD ice block mode, using only ice blocks
for cooling.

HOLDOVER

T E M P E R AT U R E ° C
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HEAT
RELEASED
(Hot Side)

Cooling box

Vaccine storage
stacks

Solar panel
(not shown)

By arranging opposed pairs of p-type and n-type
semiconductors in series electrically, a single circuit
creates a collective common hot side and common cold
side, to which ceramic plates are attached to distribute
temperature. In an array of hundreds of these junctions,
the small amount of heat from each one adds up to a
significant temperature differential.

P N

2

0

Heat pipe

A thermo-electric cooler (TEC) works by applying DC
electrical current across semiconductor junctions. This
causes heat to move out of one side and into the other,
thus creating a hot and cold side (the Peltier effect).

Ceramic
Plate

8

Heat sink and
cooling and fan

About the TEC

HEAT
ABSORBED
(Cold Side)

43 °C day/25 °C night ambient temperatures

TEC

Negative

In contrast to mechanical refrigeration, TECs are very
compact, reliable, and energy efficient.

Positive
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MetaFridge Continuous Reliability in Challenging Environments
An advanced next-generation cold storage device, the MetaFridge
provides highly reliable vaccine cold-chain support for a broad
range of challenging field environments.
Nonstop Safety and Reliability
The MetaFridge maintains a 50 L vaccine storage
compartment at a stable 2 to 8 °C storage temperature with minimal power consumption. Equipped
with smart energy management and integrated
power protection, it operates efficiently and reliably
while protecting itself from potentially damaging
electrical events. In case of severe power outages or
improper use, the MetaFridge can automatically
call for human intervention and transmits pertinent
diagnostic data via telemetry hardware while
alerting local users via audible and visual alarms.

Reliable cold storage in unreliable grid conditions
• 50 L vaccine storage compartment
• Keeps stable 2 to 8 °C storage with minimal power use
• Five days of holdover at sustained ambient temperatures of 43 °C (longer duration at lower temperatures)
• Operates on less than three hours of power per day
• Integrated protection from power spikes & brown-outs

Continuous monitoring, reporting, alerts
• Smart control via real-time data collection and analysis
• 30-day temperature record logs and displays alarms
• Visual and audible alarms for improperly closed door or
temperature excursions
• Telemetry module enables remote temperature
monitoring and alerts
• Records and stores electrical conditions and power
consumption

Smart Physical Design

Efficient energy usage enables the MetaFridge to serve
most health facilities, ranging from remote poor-grid
scenarios, up to reliable grid locations.
© 2017 Intellectual Ventures

MARKET COVERAGE
The colored blocks represents portions of the entire
market that are covered by these devices relative to grid
access and needed capacity.

Large

Integrated power protection in the MetaFridge
guards against severe voltage drops and spikes
in unreliable electrical grid environments. Even
amid highly variable power conditions, the smart
power management automatically cools down
and charges the internal thermal battery for
uninterrupted function. In a Sub-Saharan environment of 43 °C with fewer than three hours of
power per day, the MetaFridge will provide
continuous stable storage temperatures,
ensuring safe, freeze-free vaccine storage.

Robust structure protects internal components
Handles allow for easy transport
Integrated plastic base prevents water corrosion
Tough grating prevents rodents from causing damage
Front opening for easy access

STORAGE CAPACITY

Power Protection, Power Management

•
•
•
•
•

Solar MetaFridge
(in development)
44%

MetaFridge
56%

Small 		

MetaFridge has been tested in real-world use scenarios in
different settings within Sub Saharan Africa.

www.GlobalGood.com
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MetaFridge Continuous Reliability in Challenging Environments

In addition to automatic power protection, the
smart-control subsystem provides continuous
collection of performance parameters—including
vaccine storage temperatures, refrigeration system
operating metrics and incoming electrical power
quality. This information is analyzed, stored, and
transmitted to both local and remote systems, and
allows for the detection of extreme cases where
human intervention is needed.
Visual and audible notifications keep on-site health
workers apprised of temperatures and warn of any
concerns. In the case of severe emergencies, the
system will issue a remote alert to allow for timely
rescue of vaccines at risk of damage. The MetaFridge will also support overall Cold Chain system
improvement through a better understanding of the
operating environment for deployed equipment.

The MetaFridge provides a cost-effective cold store
for a wide range of health facilities, from small rural
minimal-mains health posts to large urban clinics.
Robust operation and expandable functionality
address the needs of most sites. It effectively deals
with evolving qualities of electrical grid access and a
wide range of ambient temperatures, thus removing
the need to match narrowly specified cold chains
equipment to highly variable location features.

Requires fewer than three hours of electricity per day

The MetaFridge uses thick insulation and a
large internal ice block integrated into a novel
thermosyphon to passively keep the entire 50 L
vaccine storage compartment cool, even during
multi-day power outages.

Ice Block

Heat Out

Rising Vapor
Falling Liquid

WHO PQS & COMMERCIALIZATION
The MetaFridge has received WHO PQS prequalification. China-based Aucma is our commercialization
partner for production and distribution of the
MetaFridge. The first commercial model for release in
2017 is identified as the MetaFridge CFD-50.

Heat Out

Thermosyphon

Heat In

The MetaFridge can incorporate improved performance expansion features that take advantage of its
robust structure, thereby providing health systems
with even greater flexibility. Future capability
enhancements may include a Solar MetaFridge as
well as integrated support for outreach activities and
vaccine inventory monitoring.

INTEGRATED THERMOSYPHON

Heat In

Expanded Possibilities

ENERGY-EFFICIENT SMART C0NTROL

Storage Compartment
Thick Insulation
The MetaFridge uses a novel
integrated thermosyphon to cool its
storage compartment

HOLDOVER
Safe storage chamber temperature maintained for
five days at a constant 43 °C ambient temperature.
T E M P E R AT U R E ° C

Immediate Assurance and
Ongoing Improvement
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The thermosyphon cools the walls of the storage
chambers evenly, providing an internally uniform
2-8° C storage temperature over a wide range of
ambient temperatures from 10-43 °C and ensuring
user-independent freeze-free vaccine storage
performance.
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Millions of people suffer and die each year in
developing countries from causes that humanity has
the scientific and technical ability to solve. Global
Good is a collaborative effort between Bill Gates
and Intellectual Ventures to address this. We take
on some of humanity’s toughest problems through
the power of invention by drawing on resources
normally reserved for commercial pursuits in the
developed world. Global Good combines IV’s unique
invention prowess with the expertise of leading
humanitarian organizations, forward-looking
governments, and commercial partners that share
our vision. Together, we invent, develop, and deploy
commercially-viable technologies that improve life
in developing countries.

IntellectualVentures.com/globalgood/
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