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1.0 Introduction 

1.1 Problem and Background 

Healthcare workers have been on the front lines in a yearlong fight against a global 
pandemic. Amnesty  estimates that at least 17,000 have died worldwide. In the US alone, 1

over 570,000  have been infected and over 3,500  of them have lost their lives. 2 3

N95 respirators are necessary to keep front line workers and patients safe from airborne 
transmission of diseases. They require considerable testing, certification and strict 
regulatory compliance. The companies that have cleared these hurdles manufacture 
designs with similar materials and supply chains. This and many other factors created a 
shortage of N95 respirators that we still haven't recovered from. And while 70% of 
healthcare workers worldwide are women  and many are people of color, most PPE is 4

designed to fit European white men . 5

Elastomeric half mask respirators are typically manufactured using injection molded 
silicone and plastic and can be sterilized and reused repeatedly. They accept replaceable 
cartridges with disposable filter media and achieve a tight seal on the face, but are not 
designed specifically for healthcare use. They have an intimidating look, are heavy to wear, 
and can cause sweating, bruising and sores. 

Disposable filtering facepiece respirators use the filter media itself as the mask. Surgical 
versions are used in clinical settings to prevent 2- way transmission of infectious viruses via 
aerosolized infectious droplets. While they are lightweight, comfortable and cheap, it is 
difficult to establish a good face seal and they generate excessive environmental waste. 

 

 “Mapping health worker deaths from COVID-19,” Amnesty International, Sept. 3, 20201

 Erdem H, Lucey DR. Healthcare worker infections and deaths due to COVID-19: A survey from 2

37 nations and a call for WHO to post national data on their website. Int J Infect Dis. 
2021;102:239-241. doi:10.1016/j.ijid.2020.10.064

 “Our key findings about US healthcare worker deaths to date,” The Guardian, Feb. 10, 20223

 Mathieu Boniol, Michelle McIsaac, Lihui Xu, Tana Wuliji, Khassoum Diallo, and Jim 4

Campbell, Gender Equity in the Health Workforce: Analysis of 104 Countries (World Health 
Organization, 2019).

 "Personal protective equipment and women" TUC, Apr. 20175
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https://www.who.int/hrh/resources/gender_equity-health_workforce_analysis/en/
https://www.amnesty.org/en/latest/news/2020/09/mapping-covid19-health-worker-deaths/
https://www.tuc.org.uk/sites/default/files/PPEandwomenguidance.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7598357/
https://www.theguardian.com/us-news/ng-interactive/2020/dec/22/lost-on-the-frontline-our-findings-to-date


1.2 Solution summary in simple terms 
 

There is a gap in the market for a reusable surgical N95 respirator that is as comfortable as 
a disposable mask, yet provides the tight seal and adequate protection of an elastomeric 
respirator. Such a device would ideally fit the majority of front line workers, be easy to 
sanitize, use an alternative supply chain, cost less per use and generate minimal 
environmental waste. This is the criteria I used to design the Basic Respirator.  

Even though the device is designed for healthcare use, it can also work for other industries 
and the general population. Whether we are exposed to airborne pathogens, toxic 
chemicals, wildfires or pollution, this device can help slow the spread of transmission and 
protect our lungs and health. 
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1.3 Solution summary in technical terms 

The facepiece is made from a woven fabric with a waterproof coating so it's lightweight, 
breathable and flexible. A soft rubber gasket along the inside edge forms a tight seal 
against the face, even while making facial expressions or talking. A disposable N95 or other 
filter can be inserted into the mask and uses considerably less filter media than a 
disposable mask. All seams and openings are waterproofed. 

 

4
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The 5 available sizes are made to fit headforms developed by NIOSH in 2009. These 
headforms are intended to fit 95% of the US workforce and incorporate data from fit test 
panels, 3D head scans and 21 anthropometric measurements of 3997 subjects.  6

 Ziqing Zhuang, Stacey Benson & Dennis Viscusi (2010) Digital 3-D headforms with facial 6

features representative of the current US 
workforce, Ergonomics, 53:5, 661-671, DOI: 10.1080/00140130903581656
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https://doi.org/10.1080/00140130903581656


1.4 State of advancement of the project 

Click here to view previous application from April 2020 

Spring 2020 

• Created initial prototype made from Tyvek 

• Delivered prototypes to local hospitals to help with shortages 

• Awarded €500 euro grant from JOGL 

• User research and qualitative interviews with nurses and first responders 

• Modified design to use fabric and added magnetic harness 

• Won COVID-19 hackathon hosted by VHA Innovation Ecosystem 

Summer 2020 

• Revised design to achieve better fit and breathability 

• Developed mobile AR app 

Fall 2020 

• Presented design at the annual VHA iEx conference 

• Shipped 20 devices to healthcare, EMS and front line workers for user testing 

Winter 2020 

• Won a grant from the VHA for further R&D 

• Qualitative fit testing 

• AFFOA (MIT) takes interest in project and sponsors initial round of lab testing 

    
Winter 2021  

• Shipped devices to UMass Lowell for lab testing 

• Establish high level strategy for certification & FDA approval with regulatory strategist 

• ATOR labs takes interest in project, provides design feedback and sponsors respiratory 
testing 

• Appeared on bipartisan television news program about the federal government to 
promote project 

• Pitched design to angel investors, VC, accelerators, DoD and innovation leaders in the 
public & private sectors  

6
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Spring 2021 

• Identified potential manufacturer for production of facepiece 

• Identified potential manufacturer for meltblown filter media 

• Identified manufacturer to make samples 

• Designed UX pilot & research study for healthcare facilities 

• Large Los Angeles healthcare network expresses interest in project for pilot testing 

1.5 Project Timeline 

Month 1 

• Recruit local hospitals and healthcare workers to take part in the study 

• Create fixtures needed for BFE, pressure drop & liquid barrier penetration lab testing 

• Revise design based on NIOSH respiratory guidelines 

• Ship samples to respiratory testing lab provider 

• Recruit microbiologist & data scientist to assist w/ study 

• Create interview scripts & user questionnaires 

   
Month 2 

• Revise design based on results from lab tests 

• Collect and organize data 

• Manufacture samples for additional lab & user testing 

• Purchase supplies 

• Wet lab testing for sterilization and durability 

Month 3   

• User interviews, measurement & fit checks of healthcare workers at local hospitals 

• Interview other supply chain stakeholders 

Months 4-5  

• Analyze data 

• Draft paper of research results 

• Submit for review    

7
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2.0 Project Implementation 

2.1 Research Objectives 

Overview 

This UX pilot and research study is designed to assess issues with current models of N95 
respirators used in healthcare settings and determine whether a novel design for a 
reusable surgical version, such as the Basic Respirator, would alleviate these problems. 

Sizing Discrepancies & Fit Checks 

Are the minimal sizing options and the dimensions of current models of N95 respirators 
contributing to fitting issues and lack of a proper face seal? Is this a particular problem for 
women, people of color, older, and heavier individuals? Does the Basic Respirator solve 
issues relating to fit, comfort and ensuring an air-tight face seal? 

Decontamination Between Uses 

Which decontamination methods are most effective on reusable facepieces made from 
coated woven textiles? What sterilization equipment is most widely available in healthcare 
settings or can be purchased easily? What methods require the least amount of risk, cost 
and labor? What minimum settings can be used to meet regulatory guidelines for 
pathogen reduction? 

Economic, Supply Chain and Environmental Impact 

What is the cost per use of reusable devices, such as the Basic Respirator, compared to 
disposable versions? How much less waste does it produce? How does it impact the 
supply chain during a crisis when supply ? Could this enable supply chains to be more 
localized, enable Just-In-Time manufacturing and create circular economies? 
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2.2 Methodology 

Sizing Discrepancies 

• Select individuals from varying demographics and use an AR app (already developed) 
to scan and measure their heads and faces. Record relevant measurements and 
associate with demographic data. 

• Compare these measurements to the most popular models of disposable N95 
respirators and determine if/where there are discrepancies. 

• Qualitative interviews and fit checks with healthcare workers 

Decontamination between uses 

• Interview healthcare workers, custodial staff and management to learn what sterilization 
equipment is commonly available and the easiest to use during a crisis 

• Borrow or rent equipment and test mask materials to determine the minimum settings 
for adequate pathogen reduction. Refer to this paper  for reference on how I would 7

conduct this testing. 

• Create a comparison chart that rates criteria to determine the most optimal solutions 

Cost & Economic Impact 

• Test durability of respirator by running it through repeated sterilization cycles and 
submit devices for lab testing (BFE and pressure drop) to determine approximately how 
many cycles the respirator can be sterilized before it no longer meets lab standards. 

• Research and map areas where garment industries exist that would be able to produce 
fabric-based facepieces. 

Supply Chain Impact 

• Interview key stakeholders in the supply chain for respirators as well as groups and 
individuals developing new solutions. Create a chart that compares various respirator 
models, accounting for localization, cost, speed and responsiveness during a crisis. 

Environmental Impact 

• Measure the weight and surface area of filter media used in the most popular model of 
disposable surgical N95 respirators and compare this to the filter media used in the 
Basic Respirator. Multiply by the hospital's burn rate for pandemic & non-pandemic to 
determine how much waste is reduced. If possible, account for power consumption, 
additional materials and transportation for production, shipping and disposal. 

 Li DF, Cadnum JL, Redmond SN, et al. Steam treatment for rapid decontamination of N95 7

respirators and medical face masks. Am J Infect Control. 2020;48(7):855-857. doi:10.1016/
j.ajic.2020.05.009
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2.3 Expected results 

Sizing Discrepancies 

• It is expected that women, Asians and Native Americans will have the greatest gaps in 
sizing discrepancies. Masks will most likely cause gaps, allowing opportunities for 
aerosolized droplets to enter the airway. 

• Since the facepiece has been previously user tested, I expect that healthcare 
professionals will appreciate the style, safety and comfort of the device and that it will 
form an air-tight seal to the face. 

Decontamination between uses 

• The materials are expected to perform well in an autoclave or other device that uses 
steam pressure sterilization. It is assumed that steam will be a more effective method of 
sterilization than heat. It is uncertain whether UV-C light will be able to penetrate the 
fibers in the woven fabric. 

Economic Impact 

• Test durability of respirator by running it through repeated decontamination cycles and 
submit devices for lab testing to determine approximately how many cycles the 
respirator can be sterilized before it no longer meets lab standards for (bacterial 
filtration efficiency and pressure drop. 

Supply Chain Impact 

• The supply chain for these devices is limited and it is expected that opening up a new 
category of manufacturers that can produce facepieces will have a positive effect and I 
expect research will show this.  

Environmental Impact 

• It is expected that reusable respirators will use far less environmental waste and the 
added steps of sterilization will not significantly reduce that impact. 

10
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3.0 Safety, Quality Assurance & regulation 

3.1 Steps to ensure safety 

User Interviews & Fit Checks 

• Any research that requires me to enter a healthcare facility will be overseen by the 
facility. I will be vaccinated and follow safety protocols dictated by them. 

• I've read and understand the biosafety and biosecurity guidelines  8

Sterilization Testing 

• I am seeking feedback from the JOGL community and microbiologists on how to 
conduct sterilization testing safely during a global pandemic. 

• I've contacted a wet lab partly owned and managed by the City of Los Angeles and if I 
am granted use of the lab, I will follow their safety protocols 

• I will recruit and work with an experienced microbiologist to design and conduct 
sterilization testing. 

Device Safety 

• I've consulted with healthcare workers, lab specialists and regulatory experts and have 
revised the design based on their feedback and guidelines to meet NIOSH, ASTM and 
FDA criteria for surgical N95 respirators.  

• The devices will not be worn around patients or while the user is doing their job.  

• I will only reuse devices if they can be completely sterilized between uses. Any testers 
will already be vaccinated.  

 

 Biosafety and Biosecurity Guidelines, Open Covid19 Initiative8
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4.0 Impact, Issues & Risks 

Impact & Accessibility 

I hope to save lives and preserve health by creating an FDA approved N95 respirator 
appropriate for healthcare use. Women and people of color that work on the front lines and 
risk their lives to treat patients deserve to wear protection that fits them properly and keeps 
them safe. It is likely that there will be future pandemics and devices that can be made 
quickly during shortages will be essential to slowing the spread of infectious pathogens. 

N95 respirator usage is expected to continue to increase over the next 6 years, especially in 
healthcare. Disposable respirators are not sustainable over the long-term. Masks are 
washing up on beaches around the world and we need solutions that will reduce 
environmental waste. 

Beyond healthcare, N95 respirators are needed in other industries and areas with 
significant pollution and wildfires. These areas are sometimes in overexploited regions and 
and a goal of this project is to make these devices accessible to everyone regardless of 
socioeconomic status or national affiliation. This could potentially create a circular economy 
so that local communities and regions can have control over their own production of PPE.  

Issues, Risks & Mitigation Strategies 

Sterilization testing -- the author has no experience in handling infectious pathogens and 
safety is a primary concern. If I am unable to find a lab willing to take on this endeavor, I will 
consult with the JOGL community and an experienced microbiologist to ensure that testing 
is conducted safely. 

There is a significant amount of data to collect and analyze to understand the nature of 
these problems and draw meaningful conclusions that we can act on. I will need to consult 
with a data scientist to help organize the data and present the research. 

The materials and production processes chosen for the design may not stand up to 
repeated sterilization. If that is the case, I will test other alternative materials during this 
study so that sterilization testing will not have to be repeated so that the rest of the study 
will not be impacted. 

5.0 Originality 

To my knowledge, this is the first and only design for an N95 respirator cut & sewn from a 
flat textile.There is another design from Helpful Engineering called the Open Standard 
Respirator that is functionally similar, but is made from silicone. This project is further along 
and their success indicates that the Basic Respirator has a chance of succeeding.  

12

Basic Respirator  |  Grant Proposal

https://openstandardrespirator.org/
https://openstandardrespirator.org/


6.0 Team Experience 

The project is led by me, Hunter Futo, a product designer and engineer with a prototyping 
lab in Los Angeles. Before I started this project, I knew nothing about N95 respirators but 
after researching, interviewing, observing, consulting and learning by making and testing, I 
know a lot about them. 

The Veterans Health Administration Innovation team has supported the Basic Respirator 
project with research grants, mentorship and leveraging connections within their network. 
They have a Memorandum of Understanding with the NIH and FDA for development of 3D 
printed open source PPE. The VA of LA has expressed interest in the design and may be 
one of the healthcare facilities that I used for pilot testing.  
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7.0 Funding & Costs 

7.1 Past & Current Funding 

I've received grants from JOGL and the VHA for R&D. Many vendors and partners listed 
above have offered their services for free or at discounted rates because they believe in 
this mission. I have funded the rest myself. 

7.2 Funding Requested 

I am requesting the full (€4000) amount since I requested too little (€500) during the last 
round and the project became more successful than I'd anticipated. Also the fees for 
research will likely go over budget (I plan to recruit more participants than below and lab 
testing fees are competitive). I will make up for the difference myself unless I can find 
donated space & equipment or other funding sources. 
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Description Amount $ Amount € Qty Total

Wet lab & sterilization equipment rental $850.00 €714 1 €714

Research subject compensation (gift cards) $25.00 €21 25 €525

Consulting Fees (Legal, UX, Data Science Biology) $450.00 €378 1 €378

Materials for respirator prototypes & fixtures $350.00 €294 1 €294

Labor costs to sew respirator samples $450.00 €378 1 €378

2nd round of lab testing (BFE, pressure drop) $570.00 €479 1 €479

Pathogen research samples $380.00 €319 2 €638

Lab ware, PPE & safety supplies $200.00 €168 1 €168

Shipping $220.00 €185 1 €185

Survey software (monthly fee) $15.00 €13 4 €50

Project management software (monthly fee) $15.00 €13 4 €50

Developer account fee $100.00 €84 1 €84

Cloud storage $15.00 €13 4 €50

Total (rounded down) €3,994



8.0 Achievement & Benefits of Funding 

The grant awarded during the first round enabled me to buy the materials and testing 
supplies I needed to arrive at the design that won the hackathon. Through that experience, 
I met my partners at the VHA, who have connected me to their network and lended 
credibility to the project. Without JOGL it is unlikely I would have taken those next few 
critical steps in improving the design and have made it this far.  

I am facing a similar scenario now in proving that this device is an appropriate fit for the 
healthcare market for which it is intended. In addition to publishing relevant data and 
findings related to respirator fit and the possibility of introducing new materials, the 
purpose of this UX pilot and research study is to determine market fit and cost per use so 
that I can develop a full pitch deck and solicit federal departments and investors to fund 
certification and manufacturing. Without this information, the project is unlikely to gain 
significant traction. 

Licensing 

License 

Basic Respirator by Hunter Futo of Electric Church, Inc. is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 

Note about licensing and project transparency 

The Basic Respirator was intended as an open source project, but open licensing terms are 
incompatible with devices that are to be FDA approved. The cost for such approval can run into 
the hundreds of thousands and would force me to seek outside investment. I've chosen to 
restrict the licensing terms until I find a legal and regulatory strategy that would enable me to 
keep the designs as open as reasonably possible, but still allow me to obtain outside 
investment for certification, FDA approval and manufacturing and deliver a device that is 
proven to be safe and effective. I am keeping my design process open and publishing 
frequently on social media so that others can learn from the project to create a respirator 
design of their own and I plan to publish any relevant findings from the proposed UX pilot and 
research study. 
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