The Vaccine CO2ler

Reaching beyond the limits...




Backaground

Says Dr Gro Harlem Brundtland, Director-Generd of the World Hedth Organization,
“Nearly two million children worldwide still die needlesdy each year of vaccine-
preventable illnesses” The mgority of these deeths occurs in developing nations al over
the world, specificdly in remote villages.

The problem, it turns out, is not lack of funding to produce and trangport these life-saving
vaccines, but rather atechnologica gap in atransportation issue, known in the hedth
industry asthe Cold Chain. Vaccines must be kept within atemperature range of 2to 8
degrees Cesus from the time of manufacture to the point of adminigtration. Oncethe
vaccines leave this temperature range, they are consdered damaged and must be thrown
away. Keeping vaccines within thistight temperature range turns out to be difficult as
they are shipped to more and more remote |ocations, with layovers and flight
cancellations often causing the shipments to take severa daysto reach their find
destination. A corollary to this problem is the inconvenience of having to re-pack ice at
various steps of the transport.

The current method of keeping vaccines at temperature (used by charity organizations
such as Doctors Without Borders) is to pack them with ice into a standard foam cooler.
Thisworks aslong asiceis readily available every few hours to replace what has melted.
Asthe vaccines get further away from developed cities, eectricity, and therefore
refrigeration and freezing capabilities dwindle. The result of thisisa amdl radius of area
around the final point of dectricity to which the vaccines can be trangported before
gpailing. Although thisice-packed cooler isavery inexpengve option, it comes at the
high price of occasiondly spoiling shipments of vaccines. Not only does this become a
monetary expense, but the damage aso occurs at the cost of many lives.

Findly, dry ice and paraffin powered coolers are available which can hold the necessary
temperature for afew days. Unfortunately, none of these are tailored to the market of
transporting vaccines to the third world, presumably because thisis alow-profit market.
The various exigting products are either too large, too expensive, or don't hold their
temperatures long enough to ensure that vaccines will make the entire journey without
needing to re-fud. In addition, the mgority of these containers are rent-only, which
further drives up the price of transport.



| nnovation

The CO,ler isarugged, dry ice-powered portable vaccine cooler which can keep vaccines
at proper temperature for up to 6 days at 90F ambient temperature. The name COxler
comes from the fact that dry iceis carbon dioxide, or CO,. In addition to thedry ice, 6
D-cdl batteries are used to power fans which asss the control system in maintaining the
required temperature. The CO,ler has 14 liter vaccine capacity to match the 10 liter dry
ice capacity. It weighs 35 pounds without dry ice, vaccines, or batteries. When dry ice,
vaccines, and batteries are added to the weight, it totals around 50 pounds. The COqler is
the size of alarge ice cooler, gpproximately 3ft by 2ft by 2ft, and, depending on the
vaccine type and packaging method, can carry up to 30,000 doses.

Insde the CO,ler are two chambers — one for vaccines and onefor dry ice. Thereare
separate lids for these chambers so that vaccines can be removed from the cooler one by
one without gaining too much ambient heet through opening the dry icelid. Theselids

are marked so as to ensure that vaccines and dry ice are put in their proper compartments.
Attached to the bottom of the dry ice chamber is an duminum hegt exchanger, or series

of ar passagesin therma communication with the dry ice. Air circulates through the
vaccine chamber and returns to the heat exchanger for cooling, never mixing with the
carbon dioxide air in the dry ice chamber. See Figure 1. Thisisimportant because
vaccines cannot risk being exposed to such chemicals.
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Figure 1. Schematic of Air Circulation Through Inside of CO.ler.



The user interface to the cooler is a smple selectable menu, as show below in Figure 2.
When the cooler isfirst powered, the cooler isin ‘locked” mode. To unlock, user follows
instructions on screen to push ‘up’, ‘down’, and ‘enter’ buttons. Once the cooler is
unlocked, there are severad menu options for setup. The first menu option isto view
current settings. When no settings have been made for vaccine cooling, this option, when
selected, prompts the user to sdlect preferences. The second menu option isto select the
type of vaccine user wants to keep cool. The COsler has some pre-programmed vaccines
in the menu. Different vaccines require different temperature ranges, though the mgority
areinthe2-8 Crange. The COler isoptimized for this temperature range but can hold
temperatures as low as - 20 degrees Celsusfor up to 2 days. If the desired vaccineis not
pre-programmed into the menu, it is possible for the user to choose ‘ custom’ and to
define his or her own desired temperature, acceptable deviation, and critical temperature.
The critical temperature is the temperature a which the vaccine is consdered spoiled. If
the vaccine reachesiits criticd temperature, aflashing darm will appear on the display
screen until the cooler isturned off. This ensures that, in case anything goes wrong,
ineffective vaccines will be identified.  Once the mode on the cooler has been =, the
control system automatically goesinto ‘locked” mode to prevent changesin preferences if
buttons are accidentaly pushed during shipment.

Figure 2. Photograph of CO.ler User Interface.

The control system within the CO.ler isavery smple one, with atemperature sensor in
the middle of the ingde surface of the vaccine chamber lid. Because of convection, this
would be the highest temperature location in the chamber. If the sensor detects that the
temperature of the vaccine chamber has exceeded the acceptable deviation, the fan is
turned on. With the fan running, the cold air from the heat exchanger is pulled into the
vaccine chamber, lowering its temperature. When the temperature fals below the
acceptable deviation, the fan is smply shut off. Because the vast mgority of places
vaccines are needed have ambient temperatures greater than the desired vaccine
temperature, there is not much concern about the vaccines getting too cold. For this
reason, no heeting sysem was ingdled in the CO,ler to prevent against over-cooling.



Before the transport of vaccines can begin, the dry ice chamber must be completdly filled
with ether ablock of dry ice or dry ice pdlets. Dry iceisreadily avalable in any mgor
city of a developed nation which might be manufacturing vaccines. It isaso reatively
cheap, with each 10 liter payload costing approximately seven dollars. In addition to the
dry ice, 6 fresh D-cdl batteries must be used. The number of batteries required is based
on aworst-case caculation of how much power the fan and control system would need if
they were in use congtantly for 6 days (the upper time limit of keeping the CO.ler at
temperature). D-cdlswere chosen because they aso are readily available in amgor city
of adeveloped nation from which the journey of the vaccines might originate.

The CO;ler isableto hold its low temperature for such along duration not only because
of the dry ice and batteries, but because of the high-performance insulation used. The
insulation is an evacuated polystyrene whose therma conductivity is hdf that of air. A
thermd reflector is used as alining to the COuler both on the inside of the insulaion and
on the outsde to make the insulation even more effective.

The COsler has been subjected to drop tests to ensure that it is rugged enough to be
transported by companies such as Federad Express or on any commercid ar carrier. It
was designed so that it could be used throughout the cold chain both to increase number
of reachable patients and to improve the logistics of this trangport problem.

In the design of the COxler, tradeoffs had to be made between tota size, payload, and
cold time. Because of the high price of vaccines, it is worth the cogt of shipping alarge
container with acomparatively small payload if it means the vaccines are guaranteed to
reach their destination at proper temperature. Asthe goa of the COxler was to transport
vaccines to the most remote villages, which currently are unreachable due to the cold
chain, cold time was optimized with a minimum payload Sze of 14 liters. Fourteen liters
is large enough to hold enough condensed packaged vaccines for dl the childrenin a
medium-Szed village

The average cost per use of the COsler, based on a conservative lifecycle esimate of 50
trips per container, is $20, including dry ice and fresh batteries. Although this technology
at first appears to be far more expensive than its most prevaent competition, a styrofoam
cooler packed with ice, it in fact saves money in preventing expensive vaccines from ever
spailing.

Because of the ample design of the COxler, the cooler scaes quite nicely and the design
could quite smply be changed to accommodate alarger payload at the price of a shorter
coldtime. Alternatively, the price of the COuler could be reduced by using a cheap
insulation rather than the high- performance evacuated polystyrene, thus shortening the
cold time. Thisdesign can be easily changed to meet the user’ s needs.



| mplementation

A fully function prototype of the CO.ler has been made and tested, and full-scale
manufacturing plans have been thought out. A business plan has been though through
and written for the scenario that a company is started in order to manufacture the COsler.
Potentia customers have been contacted and interviewed for improvement idess.

The transport of vaccines to developing nations, a $320 million per year market, is not

the only market for the CO.ler. There are dso chemical, pharmaceutical, and medical
research companies in the United States which must transport samples and products at
specific temperatures. This secondary market is extremely large, with $3.5 billion spent
each year in perishable cargo. Between these two markets, the COqler has great potentid.

At this point, two options exist for turning the COxler into a marketable product after a
patent is obtained. Firg, the patent could be licensed to a shipping company, such as
Federd Express. Thisisastrong implementation plan because return of empty
containers would be easy. Second, a company could be started selling vaccine coolers
excdusvdy. Itisdifficult to determine whether or not thiswould be an appeding option
to customers, but based on business plan assumptions (see Appendix A), could be a
profitable busness.

One of the greatest chdlenges to the COuler islimitations created by dry ice, whichis
consdered a hazardous materid and prompts afee by air freight companies. With more
time and funding, it would be wise to further investigate aternative coolants.

Another chdlengeto the COxler isthe wide range of requirementsin thefied. Based on
travel time and distance, trangportation mode, vaccine type and packaging type, and
village Sze, various retios of total cooler size to payload Size are gppropriate. Although it
is easy to change the design and produce a different balance of total size, payload, and
cold time, this requires manufacturing a new product, instead of making quick
modifications to an exising one. Making the CO,ler more modular would grestly
increase its utility.

In an effort to further develop this product, contacts at both Federal Express and at the
Tropica and Geographic Medicd Center in the Division of Infectious Diseases a
Massachusetts Generd Hospital (MGH) will be utilized. These two potentid customers
can hep illuminate improvement aress.



Summary

The CO.ler isalow-cogt solution to the cold chain, and can be used not only to save the
lives of the millions of children dying each year of preventable diseases, but also to
improve the logigtics of the cold chain, cresting convenience for charitable organizations
attempting to transport vaccines.

With its secondary market as a support, the CO.ler is aviable product which, with some
work, could be avast improvement to the current system.



Appendix A. Business Plan
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