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Oxygen Generation During
COVID-19

The Problem

e According to the WHO, with Tmillion new cases of COVID each week the world needs an
additional 620,000 cubic meters of medical oxygen gas each day, equivalent of 88,000
large 5ft long cylinder tanks, to fight the virus. Source: U. of Minnesota / WHO, June 6

e One cylinder tank treats about one adult per day; the daily price of a “J” cylinder of oxygen
ranges from $112 in Guinea, (including transport), to $23 in Kenya. COVID has further
created price-gouging and black markets - in Peru, a tank now costs 10x more than in 2019.

e Degrees of shortage and actual need volume vary massively around the world, with China
needing the most volume and Africa being under-supplied. Source: McKinsey , August 25

e Expanding capability is costly - “170,000 concentrators can be made available over the next 6
months, with a value of USS100 million dollars”. That wholesale price tag is S588 per
concentrator, well below the usual market value of $1,500+. Source: WHQO

Medical-oxygen shortage because of incremental demand from COVID-19, by infection scenario’
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https://www.cidrap.umn.edu/news-perspective/2020/06/covid-19-demands-intensify-efforts-ease-oxygen-shortages
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https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---24-june-2020
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The current problem of Oxygen availability is multi-fold; generation is at the base of the issue (not
enough plants and concentrators), followed by distribution and efficiency in medical usage. The
global optimal need of concentrated medical 02 was estimated at 10 Billion L per day; the likely real
usage was closer to 2 Billion Liters 0,, pre-COVID. Source: PATH / OSMS Estimate

A COVID patient requires 10L of Oxygen per minute in the severe stage, and 30L of Oxygen per
minute in the critical stage (usually at the stage of invasive ventilation). Extrapolating the June 6
WHO estimate based on Tmillion infections per day, COVID creates an added demand of 620
million liters of Medical Oxygen gas per day, or an added 30+% load on the system.

Most large, efficient hospital systems use delivered liquid oxygen that can be stored in large tanks
on-site, but this requires a developed industry. Here is a cost comparison of existing solutions:

Type | Philipps M10 HVO 120 180 LOx Delivery | Peruvian 25m3 PSA
Liters per Day | 14,400L' 172,800L? 154,980L° 600,000L"
Purchase Price | $1,500 $45,000 $175 per delivery® | $300,000
Cost to produce | $52,083 $130,208 $112,917 $250,000
100 M Liters 02
in 200 days®

Personal concentrators surprisingly offer the best price per Liter of Oxygen generated. They are
in hospital emergency use already, but it remains to be seen how efficient these machines will be in
areal-world environment with many patients needing oxygen simultaneously.

The WHO warns that personal concentrators have maintenance and output issues.

The currently most promising low cost solution is OxiKit, a DIY Open Source Oxygen Concentrator
that can potentially generate 15L/minute. Testing and replication is underway by multiple groups.

A secondary solution is to encourage diversion of 5-10% of industrial LOX production with the
help of local government partners.

'10L per minute, *60*24=14,400

2120L per minute, *60*24=172,800

¥ assuming one 180L LOx Dewar can be refilled per day; the expansion factor of Oxygen is 861, so 180*861=154,980L of Oxygen gas.
“25m3 per hour = 25,000L per hour, *24 =600,000L per day

® Average U.S. price, not known for particular other countries

% Discounted or multiplied depending on output, meaning you'd need 34 M10s running in parallel, 3 HVO 120s, only 80% of the plant etc.


https://path.azureedge.net/media/documents/Oxygen_as_a_Utility_Report.pdf
https://docs.google.com/spreadsheets/d/1uWcE_puCB9vknmeoZ0cF376hwfg35t2lN7o9YIhXy5c/edit#gid=1816841328
https://www.cidrap.umn.edu/news-perspective/2020/06/covid-19-demands-intensify-efforts-ease-oxygen-shortages
https://www.cidrap.umn.edu/news-perspective/2020/06/covid-19-demands-intensify-efforts-ease-oxygen-shortages
https://www.directhomemedical.com/cart/merchant.mvc?Screen=PROD&Product_Code=millennium-m10-10liter-oxygen-concentrator&Store_Code=DHM&gclid=Cj0KCQjwy8f6BRC7ARIsAPIXOjj_sQ72IclNMGhOdepovfnf4VV1gC3BTSWk73MAuifcmFDQXUo-uEAaAkAOEALw_wcB
https://highvolumeoxygen.com/how-much-does-oxygen-cost/
https://highvolumeoxygen.com/how-much-does-oxygen-cost/
https://www.gob.pe/institucion/vivienda/noticias/297348-ministro-lozada-traslada-a-juliaca-planta-de-oxigeno-adquirida-por-la-municipalidad?fbclid=IwAR2ChzS4z1rH8V3zbmIjYC3kyti6w1Znbh8inOPows_6afKugSu98Hl7Nmo
https://www.grandviewresearch.com/industry-analysis/medical-oxygen-concentrators-market
https://www.grandviewresearch.com/industry-analysis/medical-oxygen-concentrators-market
https://www.who.int/medical_devices/innovation/hospt_equip_11.pdf?ua=1
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Crisis Zones

South America

Guatemala

[researchin progress]

Ecuador

[researchin progress]

Bolivia

e There's been a monopoly on liquid oxygen since 10
- years,and due to an extremely high purity standard set by the

sueuans . Bolivian government, nobody can compete with them. During
' i¢ COVID, the company has since quadrupled (!) the price of
liquid oxygen. The sole location of liquid oxygen in Bolivia is
Santa Cruz, as shown on the map

e Asingle trucking convoy shipment of 66 tons of LOx
was mentioned in transit to the capital (likely, 2 trucks);
political clashes allegedly delayed the shipment. Source:
Washington Post, August 13

e Ahospital purchased their own PSA Plant with
enough production for 10 ICU and 5 emergency care units, so
approx. 6-8m3/hr. Source: El Deber, July 16

e Quillacollo said they're building an oxygen plant but
nothing has been accomplished so far

e Another plantis planned to be opened in mid-October.

e University in Ururu, UTO, is creating a local oxygen
plant since they have good funding but don't have a schedule
of setup yet.

e Anotherindustrial plant that made oxygen for
metal-mending is now diverting its oxygen production

towards medical purposes. The medical team contacted the Ministry of Public Works, and

the ministry is now trying to repurpose the engine, but COVID has slowed that work a lot,

and it is not complete.
e Allgovernment agencies are experiencing a huge shortage of funding; some hospital

workers have not been paid for 5 months despite 12-14 hour days.
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https://www.washingtonpost.com/world/the_americas/bolivias-political-crisis-threatens-hospitals-and-patients/2020/08/13/1035f7e8-dd92-11ea-b4f1-25b762cdbbf4_story.html
https://www.washingtonpost.com/world/the_americas/bolivias-political-crisis-threatens-hospitals-and-patients/2020/08/13/1035f7e8-dd92-11ea-b4f1-25b762cdbbf4_story.html
https://eldeber.com.bo/beni/una-planta-generadora-de-oxigeno-llega-a-trinidad_190359
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Road blockades caused around 40 people dead due to the lack of supply of Oxygen
IBNORCA is the standards agency; testing concentrators and certification is extremely
difficult usually. The press picked up the issue, and demand for change is strong, so the
ministry is now cooperating on making access to regulatory testing easier.

Peru

e Aflourishing black market of Oxygen is happening in Peru, with private citizens buying for
home use. Source: CNN, June 5

e People buy a tank for nearly $1,500 (a 1000% price increase above normal) on the black
market, and then get refills for $26/day - a fortune for many people in Peru. Source:
Washington Post, June 18

e The biggestissue is price gouging, and people trying to buy their own oxygen tanks.
Source: Yahoo News Australia,

August 10 9

e Small Oxygen plants are being built;
the materials weigh about 3 tons
and cost $300,000; with that scale
plant they can produce around
25m3/hour, which fills around 50-70
bottles of oxygen per day and
supplies 35-40 ICU beds on an
ongoing basis. [which is barely a
small hospital at best]

The effort was spearheaded by the



https://www.ibnorca.org/
https://www.cnn.com/2020/06/05/americas/peru-coronavirus-oxygen-shortages-intl/index.html
https://www.washingtonpost.com/world/the_americas/peru-coronavirus-oxygen-tank-price-gouging/2020/06/17/3e0f5392-b0bc-11ea-8f56-63f38c990077_story.html
https://www.washingtonpost.com/world/the_americas/peru-coronavirus-oxygen-tank-price-gouging/2020/06/17/3e0f5392-b0bc-11ea-8f56-63f38c990077_story.html
https://au.news.yahoo.com/coronavirus-peru-eerie-oxygen-tank-photos-second-wave-043249219.html
https://au.news.yahoo.com/coronavirus-peru-eerie-oxygen-tank-photos-second-wave-043249219.html
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local government. On the right is the main concentrator machine after being unloaded from
amilitary cargo plane. Source: Government of
Peru, Sept 1

e Another plant was installed in Arequipa; it
took 2 months to construct.

e Peruseems to buy PSA plants that can
only do around 25m3/hour for slightly more
remote regions, such as the POC 8400 model.
Source: Inmatec

e The Peruvian government announced a
plan of nearly $25 million to purchase oxygen[we
assume this is liquid oxygen]and $3.2 million to
develop plants and generators. Source:
Associated Press, June 5

e Oxygen plants seem to be along most of
Peru, with the main hotspot being Lima, the
nation’s capital and housing 1/3rd of the
population. It also looks obvious that the plants
only go up in the Andes, but there seems to be no
plant in the Amazon basin (which still houses 25%
or so of the country’s population).



https://www.gob.pe/institucion/vivienda/noticias/297348-ministro-lozada-traslada-a-juliaca-planta-de-oxigeno-adquirida-por-la-municipalidad?fbclid=IwAR03neyIjxKQqHMwu4HyAFdHOWL0Zd9LtTu7Tzs2DOg7ARt1IVPwvIpkmnU
https://www.gob.pe/institucion/vivienda/noticias/297348-ministro-lozada-traslada-a-juliaca-planta-de-oxigeno-adquirida-por-la-municipalidad?fbclid=IwAR03neyIjxKQqHMwu4HyAFdHOWL0Zd9LtTu7Tzs2DOg7ARt1IVPwvIpkmnU
https://www.inmatec.de/en/news-stories-details/combating-the-corona-related-lack-of-oxygen-in-peru.html
https://www.inmatec.de/en/news-stories-details/combating-the-corona-related-lack-of-oxygen-in-peru.html
https://federalnewsnetwork.com/business-news/2020/06/peru-is-running-out-of-oxygen-for-covid-19-patients/
https://federalnewsnetwork.com/business-news/2020/06/peru-is-running-out-of-oxygen-for-covid-19-patients/
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Africa

Africa has some of the biggest problems with Oxygen globally in fighting the pandemic.

e Much of the problem is the oxygen supply in Africa is dominated by two multinational gas
suppliers who dominate the market for oxygen cylinders. They are being accused of
charging unaffordable high prices; the two companies are

m AirLiquide
m Linde Group

e Accused specifically of making it difficult for clinics to switch to
cheaper systems by trying reduce competition.

e Before 2013, Linde Group’s Kenyan subsidiary, BOC Kenya had a near
monopoly on oxygen and was charging $58 per J cylinder, plus
additional fees for transport and a cylinder deposit and leasing
fee.

120- Comparing oxygen prices in Africa
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There are a number of ongoing solutions and efforts on a large scale that happened pre-COVID:
e Independent Oxygen Plants
o Dr. Steve Adudans and Dr. Bernard Olayo, of Kenya’s Center for Public Health and
Development, acquired funding and built their own oxygen plants under the name
Hewatele, and installed 3 plants between 2014 and 2018. They created a system of
drop off and pick up of cylinders directly from hospitals and clinics for free (the



https://www.hewatele.org/index.php/services/oxygen-supply
https://www.hewatele.org/index.php/our-plants
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“milkman model”), and provided rural areas with oxygen for the first time. They
charged $25 for a J cylinder, and within a year BOC reduced its prices in order to
compete which boosted the overall supply in the market.
e Oxygen Concentrators

o Professor Roger Reasool, a physicist at the University of Melbourne, has developed
the FREO2 concentrators in2017 that can run on solar or river power and have a
“bladder” which stores oxygen and continues supplying patients when the power
goes off.

o Inatrial at Mbarara hospital in Uganda, the machines eliminated oxygen shortages
and cut the number of cylinders used in three months from 77 down to 2.

Source: 07, August 11

Source: AP News

Rwanda

[researchin progress]

Guinea
e InGuinea, not a single hospital bed has a direct oxygen supply, and the daily deliveries of
cylinders are taking their toll on budgets, with each one costing $115.
[ J
Congo
e 0Only 2% of healthcare facilities have oxygen on hand
Tanzania
e Only 8% of healthcare facilities have oxygen
South Asia

Bangladesh

e Only 7% of healthcare facilities have oxygen. Source: AP News


https://www.hewatele.org/index.php/services/oxygen-supply
https://europepmc.org/article/med/28951467
https://qz.com/africa/1890310/why-africa-has-medical-oxygen-shortages-across-the-continent/
https://apnews.com/e59a4fbab362882bdb25ff90ef555fce?utm_source=PushNotification
https://apnews.com/e59a4fbab362882bdb25ff90ef555fce?utm_source=PushNotification

AIXOSMS

v1.0 Open Source Medical Supplies

India

e Demand has tripled in
certain parts of India due to rising
case numbers. Source: Al Jazeera,
September 16

e Assessment by the PATH
teamin 2017 located 30 providers
operating LOX (liquid oxygen)and
PSA (compressed gas oxygen)
plants around India. The blue
circles indicate a 50km radius
around each plant, which serve as a
distribution threshold. If a hospital
outside of this 50km radius
requests a delivery, the supplier
either charges a surplus, or does
not deliver - ergo, geographic
location plays a huge part in the
availability of oxygen.

Source: PATH, 2017/ India Census
2011/ OSMS Data Visualization /
Covid19India

Figure 6. India oxygen concentrator public-sector market
share by manufacturer, when known.

50% 439,

40%

30% 23%
Air Products, a smaller manufacturer, reported e
more than a 100% increase in demand. Some 11% 11% go
Indian hospitals are partially reporting a tripling Lok I I I I 2% 1% %
and even quadrupling in demand and usage. 0% .
Patients had to be moved to other hospitals due (9.?"0' Qg*‘é <& o 0\4@&\ ,3.0& &Q\;‘ ‘@&,
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required the import of oxygen from other states. N \f?

Source: Deccan Herald, August 19
A dedicated, detailed report on access was made for India by PATH in 2017. Link to Report



https://www.aljazeera.com/news/2020/09/indian-hospitals-face-oxygen-shortage-covid-19-cases-surge-200916075128559.html
https://www.aljazeera.com/news/2020/09/indian-hospitals-face-oxygen-shortage-covid-19-cases-surge-200916075128559.html
https://path.azureedge.net/media/documents/India_Oxygen_Country_Report.pdf
https://censusindia.gov.in/2011-prov-results/data_files/india/Final_PPT_2011chapter7.pdf
https://censusindia.gov.in/2011-prov-results/data_files/india/Final_PPT_2011chapter7.pdf
https://www.covid19india.org/
https://www.deccanherald.com/city/top-bengaluru-stories/hospitals-in-a-bind-as-oxygen-becomes-scarce-due-to-covid-19-874979.html
https://path.azureedge.net/media/documents/India_Oxygen_Country_Report.pdf
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e Indianindustry is at least partially retooling and diverting LOX production to medical
applications, which is being commissioned in turn by local governments. Source: Air
Products India, May 2020

e 66% of the oxygen generation market in India is controlled by two companies. Source:
PATH, 2017

Problem Analysis & Solutions

Global & Local Production Estimation

It's very difficult to evaluate actual Medical Oxygen production capability around the world, as
countries do not publish this sort of data in a uniform way, and some LOX plants are meant for
industrial use only and won't show up in medical literature or research Pre-COVID.

It isimportant to note that oxygen shortage is not just a “developing world issue, according to the
CEO of Novair: “We are seeing that oxygen supply is becoming a matter of general concern. In
developed countries, despite the large existing capacities, the system for delivering liquid oxygen
and bottles has reached its limits. We are informed that there is a lack of medical oxygen in some
places, and we are requested to supply oxygen generators to hospitals to support the existing oxygen
source.”

One potential way of getting the big picture is to use recent trade association reports of the
manufacturers: The global oxygen market was worth $37.93 billion in 2019. It is expected to grow

at a compound annual growth rate (CAGR) of 11% and reach $59.17 billion by 2023.

We can also look at individual manufacturers’ publications, such as OxyMat's Map which has decent
distribution in the west coast of South America, for example:

10


https://www.linkedin.com/posts/air-products-india_airproductsindia-activity-6668074361355952128-qPPU
https://www.linkedin.com/posts/air-products-india_airproductsindia-activity-6668074361355952128-qPPU
https://path.azureedge.net/media/documents/India_Oxygen_Country_Report.pdf
https://path.azureedge.net/media/documents/India_Oxygen_Country_Report.pdf
https://www.gasworld.com/novair-exclusive-medical-oxygen-generation-during-a-time-of-covid-19/2018962.article
https://www.gasworld.com/novair-exclusive-medical-oxygen-generation-during-a-time-of-covid-19/2018962.article
https://www.globenewswire.com/news-release/2020/02/24/1989129/0/en/Global-Oxygen-Medical-Industrial-Market-Report-2020.html
https://www.globenewswire.com/news-release/2020/02/24/1989129/0/en/Global-Oxygen-Medical-Industrial-Market-Report-2020.html
https://pdf.medicalexpo.com/pdf/oxymat/medical-oxygen-catalogue/69637-83601.html#open
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Pre-COVID, the global demand for medical oxygen was largely driven by Pneumonia-induced
Hypoxemia, with around 1.5-2.7 million patients needing oxygen therapy for that condition. Source:

NIH, 2010
Medical Oxygen consumption has since gone up by
Oxygen Consumption Increase 100-150% in Europe and the US due to COVID.
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Source: Center for Global Development

B Oxygen consumption in
hospitals increass

Total oxygen

consumption ncrease | here's an industry expectation that oxygen
{incl homecare) . .
e consumption will decrease back to base growth

:=z_f;c"-"j'””’m‘i rate in 2021. Source: Grandview Research, May
o 2020

U.S. medical oxygen concentrators & oxygen cylinders market size,
by product, 2014 - 2026 (USD Million)

617.3

2014

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

| Oxygen Cylinders Stationary Medical Oxygen Concentrator & Cylinders
¥ Portable Medical Oxygen Concenfrator & Cylinders

Source: www.grandviewresearch com ‘I‘I


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2975100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2975100/
https://www.cgdev.org/publication/covid-19-and-oxygen-selecting-supply-options-lmics-balance-immediate-needs-long-term
https://www.grandviewresearch.com/industry-analysis/medical-oxygen-concentrators-market
https://www.grandviewresearch.com/industry-analysis/medical-oxygen-concentrators-market

I<OSMS

v1.0 Open Source Medical Supplies

As of 2019, 35% of the world’s medical oxygen generation market was in personal concentrators,
and nearly 60% of applications were in home use (!). Due to COVID, the non-homecare applications
have increased significantly, but include repurposing of personal concentrators in wall-mounted
hospital applications. As of 2019, 32% of the world’s oxygen generation revenue was from North
America. Source: Grandview Research

The Gates Foundation financed a speculative model of Oxygen as a utility in 2019.

Another dimension we can look at is the actual consumption of atmospheric oxygen, which might
have some correlation. Currently, the planet consumes 32.8 Gigatonnes of atmospheric 02 per

year. Source: ScienceDirect, 2018
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https://www.grandviewresearch.com/industry-analysis/medical-oxygen-concentrators-market
https://path.azureedge.net/media/documents/Oxygen_as_a_Utility_Report.pdf
https://www.sciencedirect.com/science/article/pii/S209592731830375X#f0005
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Oxygen Sources & Storage via WHO

Table 2: Description and comparison of oxygen sources and storage’
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transpartation to and from the plant

cylinders refiled by the plant.

| Cylinders | Concentrators [PSA) | Oxygen plant (PSA) | Liquid oxygen
Genaral characieristic _
Image Y
] o
Description A refllable cylindncal slorage A salf-contained, edecrically An ongite oxygen generating Bulk Bguid cxygen generated off-
vessel used Lo store and transport | powered medical device designed | system using PSA technology, site and stored in a lame fank and
oxygen in compressed gas fomm. to concantrate axygen from which supplies high-pressure supplied throughout a health
Cylinders are refiled at a gas ambient air, uzing PSA technology. | oxypen throughout a facility via a facility pipeline system. Tank
generating plant and thus requine central pipeline system, or via requires refiling by liqusd oxygen

supplier.

Clinical application Can be used for all oxygen needs, | Used to deliver oxygen at the Can be used for all sxpgen neads, | Can be used fior all oxygen needs,
andlor use case including high-pressure supply and | bedside or within chose proximity 1o | including high-pressure supply. including high- pressure supply
in faciliies where power supply is patient areas. A single and in facilities where powear
intarrnattant or urnekabla. Also concentralor can service savaral supply is infermitient or unraliable.
usad for ambulatory sarvice or beds with the use of a flowmeter
patient trangport. Used as a stand to split output flow.
backup for other systams.
Distribution Connected to manifold of Direct o patient with tubing or Centrall sub-central pipeline Central pipefine distribution
mechanisrm centralisub-cantral pipeling theough a flowrmeater stand. distribution system, or can be used | system.
distibution systam, or directly to reefill eylinders that can be
connectad to patient with connecled o manifold systems in
fiowmeter and tubing. the facdlity.
Eleciricity Ne Yes Yes MNo
requirement
Maintenance Limited maintenance required by Moderale manienance required by | Sigrificant maintenance of system | Significant maintenance of sysiem
requirement trained techrecians. trained technicians, who could be and piping required by highly and piping required by highly
in-house. trained technicians and engineers, | trained technicians and engineers,
can be provided as part of can be provided as part of
contract confract
Usar care Moderate; regular checks of fitlings | Moderate; cleaning of fillers and Minirmalk at tarrinal unit ondy. Minimal; at terminal unit cndy.
and connections, reqular checks of | device exterior.
oxygen bevels, cleaning extenar.
Merits — Mo power source. —  Confinuous oxyen supply —  Can be cost-affective for —  99% oxynen obtained.
(if power avadable) at low lame facilities. —  High oxygen output for
nnning cost. —  Confinuous oxygen small space raquiremant.
—  Qutput flow can be split supply.
among mulliple patents.
Drawbacks —  Reqguines transport! supgly —  Low pressuna output, —  High capital investments. —  Requines transport! supply
chain. usually not suitable for —  Reqguins uninermupled chain.
—  Exhaustible supply. CPAP or ventlatars. power. Needs adequate —  Exhaustible supply.
—  Highly reliant upon —  Requines uninferupted infrastruciure. —  High maintenanca for
sUpplar. powed. —  High maintenancs for peping.
—  Risk of gas leakage. —  Requines backup cylinder piping. —  Heeds adequate
—  Risk of unwanied Supply. —  Requines backup cylinder infrastructure.
ralocation. —  Requines maintenance. supply. —  Requines backup cylindar
—  [Risk of gas leakage from supply.
piping system. —  Risk of gas leakage frem
papang system.

3 pathways to Oxygen Generation:

e Industrial scale, requiring tank transport or piping
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o PSA Plant(end result: compressed oxygen gas, most efficient at smaller volumes)
o Cryogenic Plant (transient result: liquid oxygen, most efficient at large volumes)

e Personal scale, 1machine per patient
o Oxygen concentrator(directly delivered to a breathing patient)

L]
L] L] .
0, in the air

e

PSA plant
reguires Lllr.'."rl'?."n'f_]'

Medical oxygen is made in three main ways
95-99% purity
L

I l /Cylindcr or piped

Cryogenic plant
high set-up costs

89.95% purity

Oxygen concentrator
requires elecrriciry

=00% purity

Patient

KATE BALDWIN FOR TEIJ

https://en.wikipedia.org/wiki/Oxygen therapy#Storage and sources

OSMS Oxygen Demand & Shortage Modeling / Calculator

OSMS has put together a rudimentary calculator and modeling tool that we can apply to different
countries and different COVID scenarios. It's a simplified amalgamate version of the UNICEF Oxygen
Systems Planning Tool and the WHO Essential Supplies Forecasting tool, combined with market
research and PATH's oxygen demand modeling.

>>| ink to Calculator<<

c o 3 F . H 3

OXYGEN NEEDS PROJECTION PRE-COVID |

All data in this sheet is based on the PATH MODEL of
Oxygen as a Utiit

Data based on OSMS Research
WHO oxygen  Calculations based on the Document on
generation  WHO Needs calculator:  Oxygen

Countrywide Oxygen
Generation Needs Calculator

Country Data,
Page 41 and

xygen as https:/path. azureedg: Oxygen_as_a_Utility_Report pdf document: Link Link Generation: Link  following. Link
~ ~
Cost Projections for Upgrading Oxyg Country Peru Bolivia Guatemala
This document lists an estimate of ttal oxygen need, pre-COVID. Infrastructure for Pre-COVID needin .y o4 cvon capabilty of all xygen concentrators in m3 ) e e
Avg. recommended Oxygen Need based on PATH model, per person per day, in L 1.30 Total production capability in m3/day 34,765 16.045 26,585
10.0 Billion Total production capability in tons/day 40 19 31
= : . ~
Likely actual scenario, assuming 20% actual usage & supply in L 2.0 Billion Relative production capability (compared to demand) 25.15% 18.97% 8361%
620.0M
Added Daily Oxygen Need with 1 million COVID cases per day, in L 620.0M Deficit] Surplus & Needed Expansion to Meat Demand
Overall Deficit / Surplus in m3/day 68,557 5,210
Overall Deficit / Surplus in tons/day -80 £
Relative Deficit/Surplus -81.03% 16.39%

PATH Models of "best case scenario” supply & usage for 2 sample regions

Estimated daily excess deaths due to Oxygen shortage

this is a reslly rough calculation

74 ana neeas 1o be improved 49 4
cryogenic plants take 1+ year to
buid, so they're not an ption

# PSA plants needed to meet demand 95,8098 for expsnsion sgsinst COVID 95 1.08550625
Oxygen Source Output, liters 10 500 # Oxygen Concentrators needed to meet demand 7.186 4761 362
5 Worhdedian Acauisii i | san000 | sa00000
s Distict Hospitals . Total Median Acgs & Cost of PSA Plant $300.000 $300,000 $300,000
3621 822 106 4549 Median Wholesale Cost of a 10L/min Cencentrator 5800 §800 §800
5 27 210 302 14 -
1 3 30 N
26.2 Billion 217 Billion 28.0 Billion 75.9 Billion
7.IM 59.5M 76.7M 207.9M ——— 13
Avg. Oxygen Need per person per day, in L \ \ 0.91 \ v



https://en.wikipedia.org/wiki/Oxygen_therapy#Storage_and_sources
https://www.unicef.org/innovation/documents/oxygen-system-planning-tool
https://www.unicef.org/innovation/documents/oxygen-system-planning-tool
https://www.who.int/publications/m/item/covid-19-essential-supplies-forecasting-tool
https://path.azureedge.net/media/documents/Oxygen_as_a_Utility_Report.pdf
https://docs.google.com/spreadsheets/d/1uWcE_puCB9vknmeoZ0cF376hwfg35t2lN7o9YIhXy5c/edit#gid=0
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Gaseous Oxygen Math & Daily Need per Patient

A severe COVID patient needs a base line of around 10 liters of gaseous oxygen per minute
(specifically, 5-15L/min, 10 is the median most orgs - - - -
use). Source: Partners in Health, April 21 Table 1: Sample oxygen flow planning per 100 bed facility

Hypothetical 100 bed COVID-19 treatment facility

However, as the disease worsens, critical patients Disemse | AVg. Oz flow raie e of sokiions of scale™
need 30L/min as displayed in the table on the right. A severty | per pa“EHJ Total PSAPant  Bulkliquid
hospital with 100 average COVID patients needs about S

.. BVErS
2,160m3 of oxygen gas (or 2.7m3 of liquid oxygen, 75 10Umin [75°10%60 |=dsmimr  |=1.25miiday
each weighing about 3.1tonnes) per day. patients = 45,000 Libr
Source: WHQO, April 4 Critical

25 I0Lmin | 25x30x60 | =45mihr  |=1.25mday

Now to the math: 1,000 L of uncompressed Oxygen gas pabients = 45,000 Lir
. . . . 3 - =80 mihr  |=2.5mday
is contained in one Cubic Meter, m*. When inside a

tank, the gas is compressed around 161 times - so a 5ft

tall cylinder (a “J” cylinder, or “M265") only has 46.4L of “water volume” but holds around 7500L of
gas compressed to the cylinder. This can be confusing when trying to compare methods and
numbers, so be mindful that in an oxygen context, Liters are used for volume, not weight.

2

T

MEDICAL OXYGEN TANK SPECIFICATIONS

SERVICE WATER CYLINDER
PART # PRESSURE CAPACITY DIAMETER LENGTH WEIGHT OXYGEN

psi bar Ibs liters in mm mm Ibs kes cu ft liters
M265 2216 153 102.2 46.4 9.80 248.9 517 1313 84.7 384 265 7503
M150 2015 139 63.7 289 8.00 203.2 a47.2 1198 49.2 223 150 4248

M122 2216 153 47.1 21.4 8.00 203.2 36.2 919 40.3 17.9 122 3455
M90 2216 153 34.7 15.7 7.25 184.2 32.7 830 30.4 13.7 90 2549
Me0 2216 153 23.2 10.5 7.25 184.2 23.1 587 223 10.1 60 1699

Oxygen gas can be produced by personal oxygen concentrators, or so-called Pressure Swing
Absorption plants utilizing Zeolites that separate Oxygen and Nitrogen inside a compressor. Power
needs and effectiveness vary from plant to plant, but here's a mid-size plant as an example for
resources required:

02 output Compressor Chiller Power Power Cost Foot Print
Power
400 m3/day 400 HP or 276 kW | 150 HP or 80 kW | 0.75 kW/ m3 190 m2
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https://www.pih.org/sites/default/files/PIH_Guide_COVID_Part_II_Clinical_Management_4_21.pdf
https://apps.who.int/iris/rest/bitstreams/1274720/retrieve
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One PSA plant produces between 2-190m3 of oxygen per hour (that is, 48-4,500m3/day) Source:
Oxymat.com and weigh about 1.5-20 tons each. Source: AirSep

Example: A Peruvian PSA plant purchased to fight the COVID shortage produced 25m3/hour, and
cost approx. $S300,000 for purchase and installation. Source: Peruvian Government

This means it produces around 25,000L of Oxygen per hour, enough to fill 80 “J” cylinders in a day if
the plant runs at a 24 hour shift. The Peruvian government claimed around 50-70 cylinders per day
so we can assume this plant runs around 18 hours per day.

Relatively large, deployable Oxygen Concentrator Systems (DOCS) machines produce 50-200 Liters
per minute. Source: PCl Gases

COMPARE

= WMEDICALENPO :
:8?"‘5” Search among 131,622 medic TEnIETD . EEEEn  GE

Further yet, smaller HVO (High Volume Oxygen)
machines cost, for example, $45,000 per unit,
$450/month in power and maintenance, and can

Surgery unit > Anesthesia, Resuscitation > PSA oxygen generator

PSA oxygen generators

My filters f‘h;' |
produce 120 Liters per Minute. Source: High Volume - S
OX en O Whats new? w
There is an international marketplace for medical S .
0 moduir & N N N s
oxygen generation and PSA plants which could be " =
utilized by larger non-profits and governments, called
MedicalExpo . Spo— ~ s X —
il »
O vetrinay @) i“t{ﬁ“l'!_ﬂ‘_i R
N , R w1l e
Market studies might give deeper insight in the overall o T e,
ma rket, but are expensive to obtain. Source: 5 ovtons (10 - ‘(‘*E‘i.%‘;%}jﬂ?l}?"’” i‘ﬁfé’ﬁ?ﬁ\f%ii;:‘,?im'%? GENERATOR P54 GERERATOR | i
Marketwatch, May 2020 i i ;) P 2

Installation lead time for a skid-mounted PSA
is now down to close to 2 weeks in the
developed world, according to the CEQ of

Figure 3: Oxygen Production Cost vs. Purity Desired

DOxygen Production Cost va. Purity Desired

se0.00
Novair. e

. . e —=— Mean PSA cost
Liquid Oxygen Math . e Coyogenic cons
With advanced technology, it is possible to §ooow b ——— —
generate liguid oxygen at -183°C, which allows <ano -
for much faster transport but sharply e
increases maintenance needs and
requirements for highly trained engineers, as -
well as cooling infrastructure. i — p— — - — e —

¢ punty 02

Source: Tuson 1994
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https://www.oxymat.com/products/psa-oxygen-generators/oxymat-psa-oxygen-generators
https://www.oxymat.com/products/psa-oxygen-generators/oxymat-psa-oxygen-generators
http://files.chartindustries.com/airsep-PSA-o2-systems_brochure_ML-IND0035.pdf
https://www.gob.pe/institucion/vivienda/noticias/297348-ministro-lozada-traslada-a-juliaca-planta-de-oxigeno-adquirida-por-la-municipalidad?fbclid=IwAR2ChzS4z1rH8V3zbmIjYC3kyti6w1Znbh8inOPows_6afKugSu98Hl7Nmo
https://www.pcigases.com/wp-content/uploads/2018/02/PCI-Medical-Catalog-DOCS-500.pdf
https://highvolumeoxygen.com/how-much-does-oxygen-cost/
https://highvolumeoxygen.com/how-much-does-oxygen-cost/
https://www.medicalexpo.com/medical-manufacturer/psa-oxygen-generator-12131.html
https://www.marketwatch.com/press-release/medical-oxygen-cylinder-market-size-trends-2020-global-industry-overview-by-manufacturers-growth-rate-covid-19-impact-on-future-scope-demand-status-business-strategy-forecast-to-2026-2020-06-15
https://www.marketwatch.com/press-release/medical-oxygen-cylinder-market-size-trends-2020-global-industry-overview-by-manufacturers-growth-rate-covid-19-impact-on-future-scope-demand-status-business-strategy-forecast-to-2026-2020-06-15
https://www.gasworld.com/novair-exclusive-medical-oxygen-generation-during-a-time-of-covid-19/2018962.article
https://www.gasworld.com/novair-exclusive-medical-oxygen-generation-during-a-time-of-covid-19/2018962.article
https://www.leamericas.com/en/images/Cryogenic%20air%20separation%20brochure19_4353_tcm136-414865.pdf
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At scale though, and for the purity required in medical oxygen, the generation cost of PSA systems
and cryogenic systems is very similar (graphic on the right).

The expansion ratio for LOx is: 1L of liquid oxygen turns into 861L uncompressed oxygen gas.
This is a formula of volume, so weight remains constant but volume changes.

When liquid oxygen is transported, the transport capability is usually measured in metric tonnes,
which is a weight unit. 1L of liquid oxygen weighs about 1.14kg. So 1 metric ton of liquid Oxygen =
1000kg of liquid oxygen = 876L of liquid oxygen = 0.876m3 of liquid oxygen.

When this liquid Oxygen is converted into its gaseous, uncompressed form, it expands 861times, so
876L of LOx expands to 754,236L or 754m3 of uncompressed Oxygen gas.

That means, 1metric ton of liquid oxygen delivers as much oxygen gas as 100 “J" cylinders (each
of which has a capacity of 7500L of uncompressed Oxygen gas).

imE

rem——
L AR LIQUIDE

i e

ar Y i el IR

Liquid oxygen is transported in large cryogenic tanker trucks (above),
orinlarge barrels (on the right).

An average tanker trailer has about 7,700 Gallons / 29,147L capacity,
about 33 metric tonnes of liquid oxygen. Source: Bulktransporter

A typical cryogenic liqguid oxygen dewar (vacuum-encased barrel) is
5.2ft tall and has a volume of 180L. When empty, it weighs around
118kg and is then filled with 186kg of liquid oxygen - so the barrel
weighs about 304kg (672lbs) when full. Source: AirProducts.

One of these 180L liquid oxygen barrels delivers as much oxygen as
21“J” Cylinders: 154,980L of uncompressed oxygen gas.

Refilling one of the barrels costs $100-200 in the United States.
Source: Highvolumeoxygen



https://www.bulktransporter.com/fleet-management/tank-fleets/article/21653612/genox-transportation-growing-with-demand-for-cryogenic-gases
https://en.wikipedia.org/wiki/Cryogenic_storage_dewar
https://sms.asu.edu/sites/default/files/safetygram-27_cryogen_containers.pdf
https://highvolumeoxygen.com/how-much-does-oxygen-cost/
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To receive LOX at a hospital, it needs to install a $20,000+ tank to store it for consumption.

Liquid Oxygen plants can be massive - the largest in the world is in South Africa, took 3 years and
around S300 Million to build, houses the largest compressor ever built, employs 800 people and
produces 5,000 tons (!!) of liquid oxygen per day. Source: AirLiquide

While this LOx is meant for industrial purposes, its high level of purity makes it likely to be useable
in a medical context; many industrial LOx plants around the world have committed to reserve
10-30% of output for COVID fighting purposes. Source: AirProducts

In terms of large-scale international aid, one method could be to buy LOx in bulk and ship it across
Africa and even overseas, as absurd as this sounds.

Current projections are that Merchant/Industrial LOX production has been pivoted by 6-7%
towards supplying healthcare facilities fighting COVID. Source: Center for Global Development

May 2020

You can also use this converter to calculate oxygen volume and weight in its different forms.

Unit Conversion Data for Oxygen

Weight Gas Liquid
pounds kilograms cubic feet cu meters gallons liters
(Ib) (kg) (scf) (Nm?) (gal) U]

1 pound 1.0 0.4536 12.076 0.3174 0.105 0.3577
1 kilogram 2205 1.0 26.62 0.6998 0.2316 0.8767
1scfgas 0.08281 0.03758 1.0 0.02628 0.008691 0.0329
1 Nm? gas 3.151 1.4291 38.04 1.0 0.3310 1.2528
1 gallon liquid §.527 4322 1151 3.025 1.0 3.785
1 liter liguid 2517 1.1417 30.38 0.7983 0.2642 1.0
1 short ton 2000 g07.2 241560 535 2095 7945
Scf (standard cubic foot) gas measured at 1 atmosphere and T0°F.
Mm3 (normal cubic meter) gas measured at 1 atmosphers and 0°C.
Liguid measured at 1 atmosphere and boiling temperature.

Now, generating this liquid oxygen requires a dedicated plant. So-called Cryogenic Air Separation
Units (ASU) are large plants based on a 130-year-old process of separating gases through their
liquid boiling points at extremely low temperatures (around -300°F). They are more efficient than
PSAs or concentrators, but only when large volumes of oxygen are required, approx. 10 metric tons
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https://www.airliquide.com/magazine/customer-experience/worlds-largest-oxygen-production-unit
https://www.linkedin.com/posts/air-products-india_airproductsindia-activity-6668074361355952128-qPPU/
https://www.cgdev.org/publication/covid-19-and-oxygen-selecting-supply-options-lmics-balance-immediate-needs-long-term
https://www.cgdev.org/publication/covid-19-and-oxygen-selecting-supply-options-lmics-balance-immediate-needs-long-term
http://www.uigi.com/o2_conv.html
https://en.wikipedia.org/wiki/Air_separation#Cryogenic_distillation_process
https://en.wikipedia.org/wiki/Air_separation#Cryogenic_distillation_process
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per day per plant or more. A medium-size cryogenic plant can cost S60 million to set up. Source:
Aceee.org, 2007

Oxygen Distribution

within Facilities CLINICAL RESPIRATORY SUPPORT

COSMIC assembled an open source @ (o) @
oxygen delivery setup for non-critical

patients (i.e. for non-invasive :I 2 i
ventilation, NIV), which is referred to — % :

as a CRS, Clinical Respiratory .
Support.

I.
1

| PATT p

=LA A==

s\ ®

Apet 18 2000

Commercially Available
Personal Concentrators

e Asareference point, a $1,500 M10 oxygen concentrator from
Philipps produces around 10 liters of 92% pure oxygen per
minute (14,400L per day), weighs 53Ibs/ 26kg and needs 600W /
6 Amps of power.

At least 10 liters per minute is required for a non-critical COVID
patient; for critical patients, 30 liters per minute are required -
so 3 of these machines would have to work in parallel.

e Maintenance issues of the machines are known, so the WHO

recommends that they should only be used with a backup in
place.
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https://www.aceee.org/files/proceedings/2007/data/papers/78_6_080.pdf
https://www.aceee.org/files/proceedings/2007/data/papers/78_6_080.pdf
https://cosmicmedical.ca/crs-31819-warnings-and-disclaimers
https://cosmicmedical.ca/crs-31819-warnings-and-disclaimers
https://cosmicmedical.ca/crs-31819-warnings-and-disclaimers
https://www.directhomemedical.com/cart/merchant.mvc?Screen=PROD&Product_Code=millennium-m10-10liter-oxygen-concentrator&Store_Code=DHM&gclid=Cj0KCQjwy8f6BRC7ARIsAPIXOjj_sQ72IclNMGhOdepovfnf4VV1gC3BTSWk73MAuifcmFDQXUo-uEAaAkAOEALw_wcB
https://www.directhomemedical.com/cart/merchant.mvc?Screen=PROD&Product_Code=millennium-m10-10liter-oxygen-concentrator&Store_Code=DHM&gclid=Cj0KCQjwy8f6BRC7ARIsAPIXOjj_sQ72IclNMGhOdepovfnf4VV1gC3BTSWk73MAuifcmFDQXUo-uEAaAkAOEALw_wcB
https://www.who.int/medical_devices/innovation/hospt_equip_11.pdf?ua=1
https://www.who.int/medical_devices/innovation/hospt_equip_11.pdf?ua=1
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Most Promising Grassroots Solution: OxiKit

www.oxikit.com
A personal oxygen concentrator allegedly producing 15 liters per minute, at 98%
concentration. Very promising design and versatile deployability especially to
middle-income countries.

e Theimport of Zeolite (the substance used to bind nitrogen) can create delays. In some
countries, there's no domestic production, so foreign shipping is required.

e Findinga strong, oil-free, efficient and
reliable compressor can take time in ol O Kt OV ie WaefAth e cor 3
some markets.

ma

Zeolite

Zeolite is the key component and import bottleneck in building a pressure swing absorption (PSA)
oxygen concentrator, and is used as a molecular sieve. There are many types of Zeolites, and
research is advised to buy the correct type. Sodium Zeolite was previously used until Lithium
Zeolite showed to have better absorption, but is harder to obtain. Source: Taylor and Francis

Li-X Zeolite is the latest and most effective version of Lithium Zeolite. Source: MedicalXPress

e “The most common type of commercial zeolite for oxygen concentration process is
zeolite 13X due to its outstanding nitrogen to oxygen adsorption selectivity.
However, 13X zeolite modified with Li+ exchange method exhibits a higher nitrogen
adsorption capacity at the active cation sites of the zeolite framework[5,8,7].
JLOX-101LiX zeolite provided by LUOYANG JIANLONG Chemical is designed
specifically for a PVSA process with high oxygen selectivity [8].” Source: NIH

e OxiKit's team specifically recommends “zeolite - Sodium - 13x - 0.5mm Pellet size;
order from us by emailing zeo@oxikit.com”

Pricing of 13X molecular sieve Sodium Zeolite: Zeolite goes from $25 for 1Ib up to S400 for 100Ibs.
Online Buying Sources 13x Sodium: 1) Brownell, 2) Moistureboss, 3) Deltaadsorbents
Online Buying Source Lithium-X: 1) Jalon 2) Alibaba Catalyst 3) MoistureBoss
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http://www.oxikit.com
https://en.wikipedia.org/wiki/Molecular_sieve
https://www.tandfonline.com/doi/abs/10.1080/01496399208018880
https://medicalxpress.com/news/2020-04-cost-effective-oxygen.html#:~:text=Like%20the%20commercially%20distributed%20devices,the%20nitrogen%20molecules%20remain%20trapped.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5575677/#B5-nanomaterials-07-00195
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5575677/#B6-nanomaterials-07-00195
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5575677/#B7-nanomaterials-07-00195
https://www.molecular-sieve.cc/products/molecular-sieve/oxygen-sieve-100.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5575677/#B8-nanomaterials-07-00195
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5575677/
mailto:zeo@oxikit.com
https://brownell.co.uk/buyonline/desiccant-refills/1kg-molecular-sieves/1kg-13x-molecular-sieves.html
https://moistureboss.com/desiccant/molecular-sieve/13x/
https://www.deltaadsorbents.com/13x-molecular-sieve
https://www.molecular-sieve.cc/products/molecular-sieve/oxygen-sieve-100.html
https://www.alibaba.com/product-detail/Lithium-Zeolites-Zeolite-Oxygen-Lithium-X_62586470822.html?spm=a2700.galleryofferlist.0.0.4c7b1cb4X1mMPH&s=p
https://moistureboss.com/lithiumx-molecular-sieve-oxygen-generation-140-kg-drum/
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The Potential Role of OSMS in
solving the Oxygen Generation Issue

Time is of the essence here; people are dying in real-time due to a lack of medical oxygen and it's
primarily an engineering, distribution and economic problem. While requiring cooperation of many
stakeholders to successfully solve it, we can do things on our side to move the needle.

Primarily, we can connect the right kinds of stakeholders to each other, filter successful designs
and encourage international cooperation among our network.

Action Items[internal document
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https://docs.google.com/document/d/1Q7ZW1kpcemK1QhnTgtMfINs9mvmqh-uf_k2PkImAAXM
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Candidate 2: ETH Zurich Open Oxygen Concentrator

Rapid constructio tors with minimal technical requirements

Source Concentrator

http://oxygenator.geprojects.tech/ Home » Guygen Concentretor» Our systems »Tutoril
Detailed tutorials for duplication, detailed
instructions on code and materials
e Active community developing and testing e @ ruoraipan e i
since April, but has slowed down on the g _
developer side it seems

Home Concept and Ideas Our systems ~ Components v Forum About us

Menu Tutorial

Concept and Ideas
Qur systems

Ox01: Single Column

Zeolite guide, but with limited info oom s o
Press coverage happened early on but has protatype blog
slowed down since. Source: MedicalXPress, Tuterial
AQFI| 9 Components
H B Zeolite e Tutorial Part 2 Connecting all parts for oxyg.. (4
e Beingdevelopedat ETH Zurich naeh s NSt

Zeolite LiX

Valves

Filter

[0ld / just for reference]: FREO2

www.freo2.org
Produces about 1.2l/minute, purity unknown.

Australian foundation that produced an off-the-grid Oxygen Concentrator.

Originally designed to fight

pneumonia

e Runson solar power primarily, hence
useful for extremely rural application,
but TBD practicability of transport
and installation.

e Flow of 1.2 L/min was continuously

maintained to a simulated patient

during 30 d on grid power, despite

power failures totaling 2.9% of the

total time, with durations of 1-176 min.
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http://oxygenator.geprojects.tech/
https://medicalxpress.com/news/2020-04-cost-effective-oxygen.html#:~:text=Like%20the%20commercially%20distributed%20devices,the%20nitrogen%20molecules%20remain%20trapped
https://medicalxpress.com/news/2020-04-cost-effective-oxygen.html#:~:text=Like%20the%20commercially%20distributed%20devices,the%20nitrogen%20molecules%20remain%20trapped
https://ethz.ch/en/news-and-events/eth-news/news/2020/04/cost-effective-oxygen-concentrators.html
http://www.freo2.org
https://europepmc.org/article/med/28951467
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[0ld / Just for Reference]: RepRap Oxygen Concentrator
(Open Source)

https://qgithub.com/RepRapl td/Oxygen-concentrator
In preliminary testing phases and doesn't have a functional “in-house” design yet, but an
open community of developers

e Volume and purity, as well as practical application, unknown.
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https://github.com/RepRapLtd/Oxygen-concentrator
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