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ABSTRACT

The capability to deliver medical oxygen during prehospital combat care remains a critical gap in Large-Scale Combat
Operations (LSCO) and other degraded environments where power, logistics, and safety constraints limit the use of conventional
oxygen systems.

Compressed gas cylinders present fragmentation and explosive hazards under kinetic threat, require complex sustainment, and
are often withheld from the most dangerous terrain. Portable oxygen concentrators (POCs), while effective in clinical settings, are
dependent on electrical power and experience reductions in flow and oxygen purity at altitude, under thermal stress, and during
high-demand ventilation. The absence of a safe, self-contained oxygen capability diminishes survivability for casualties requiring
airway and ventilatory support during the most time-sensitive phase of care.

The Rugged Oxygen Generator (ROG) addresses this gap through a solid-state chemical oxygen generation system capable of
delivering a minimum of 96% oxygen at 26 L/min for a minimum of 15 minutes, without external power, pressurization, or
maintenance. The ROG has completed MIL-STD-810G environmental tests, is FDA 510(k) cleared, and UN3356 certified for
global transport.

This capability directly supports Tactical Combat Casualty Care (TCCC) guidelines and enhances survivability when treatment is
needed at point of injury due to enemy threat, distance, or airspace denial.
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1. INTRODUCTION / BACKGROUND

Oxygen is a primary therapeutic intervention in combat trauma care, particularly for casualties with traumatic brain
injury (TBI), airway compromise, burns, blast lung, and thoracic injury. Hypoxia accelerates secondary brain injury
and multi-organ failure, and even brief interruptions in oxygen delivery increase mortality and long-term neurological
morbidity. Short hypoxic episodes during the prehospital phase are independently associated with poorer functional
outcomes and higher mortality (Spaite et al., 2017).

During U.S. combat operations in Irag and Afghanistan, approximately 24.3 percent of battlefield deaths were
classified as potentially survivable, and 87 percent of those occurred before arrival at a medical treatment facility
(Eastridge et al., 2012). The leading causes were hemorrhage and airway-respiratory failure - conditions for which
early oxygenation is essential to prevent irreversible physiological deterioration.

Future large-scale combat operations (LSCO) are expected to impose extended evacuation timelines because of
distributed maneuver, austere terrain, and contested airspace. Medical forces must anticipate evacuation delays that
exceed doctrinal goals, increasing dependence on prolonged prehospital care. Current oxygen systems are ill-suited
to these environments: pressurized oxygen cylinders are withheld from forward use because of fragmentation hazard
and excessive weight, while portable oxygen concentrators fail without continuous electrical power or controlled
environmental conditions. A novel approach is therefore required to enable safe, reliable oxygen therapy at or near
the point of injury - the setting in which many preventable battlefield deaths occur.

2. PROBLEM STATEMENT / CAPABILITY GAP

Combat casualty care in large-scale combat operations (LSCO) and austere environments requires the ability to
deliver oxygen therapy at or near the point of injury. Existing oxygen systems - including pressurized cylinders,
portable therapeutic liquid oxygen (PTLOX) systems, and portable oxygen concentrators (POCs) - are constrained by
hazard potential, power dependency, and logistical burden. These limitations impede delivery of lifesaving oxygen
during the most time-sensitive phase of trauma care.

Pressurized oxygen cylinders, although capable of supplying high-purity oxygen, present fragmentation and blast
hazards when exposed to small-arms fire, indirect fire, or thermal compromise. Owing to these risks, cylinders are
frequently withheld from forward, dismounted, and high-threat operations, effectively denying oxygen therapy at the
point where casualties are most likely to occur. Their mass and volume further restrict carriage on casualty
evacuation (CASEVAC) platforms and within medical aid bags, forcing triage of oxygen resources and increasing the
probability of hypoxic deterioration.

Portable oxygen concentrators require continuous electrical power and a clean, consistent air supply; performance
degrades under conditions of altitude, high ambient temperature, humidity, dust load, and elevated respiratory
demand (Allison & Dyer, 2018). In LSCO environments characterized by electromagnetic interference, degraded
power availability, and dispersed formations, concentrators cannot be relied upon as the primary source of
therapeutic oxygen.

During prolonged casualty care (PCC), extended evacuation timelines, terrain restrictions, airspace denial, and
contested logistics compound the risk of hypoxia. Future forces will operate with greater dispersion, mobility, and
airfield vulnerability, further reducing access to conventional oxygen systems. This combination of factors constitutes
a persistent and well-documented capability gap: frontline medical personnel cannot safely or reliably deliver oxygen
during the period when it is most critical to survival.
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The absence of early oxygen administration contributes directly to preventable mortality from airway compromise,
traumatic brain injury, and respiratory failure. Moreover, this capability gap is not confined to military operations.
Civilian emergency medical services, firefighting units, search-and-rescue teams, and law-enforcement agencies
encounter analogous constraints during disasters, structural collapses, and hazardous-materials incidents, where
electrical power is unreliable and compressed-gas systems are present unacceptable safety risks. The deficiency in
forward oxygen capability is therefore universal across both military and civilian emergency-response domains.

Problem Statement

The U.S. military and civilian responders lack a safe, portable, power-independent oxygen system capable of
supporting respiratory interventions in the most dangerous and logistically constrained operating environments. This
shortfall reduces survivability, limits TCCC execution, and exposes casualties to avoidable hypoxic injury.

3. OPERATIONAL IMPACT OF THE GAP

Hypoxia accelerates the transition from survivable injury to irreversible physiological collapse. In trauma casualties,
inadequate oxygen delivery precipitates progressive shock, metabolic acidosis, coagulopathy, and secondary brain
injury. Combat casualty data from Iraq and Afghanistan identify oxygen failure - resulting from hemorrhage or airway
compromise - as a major contributor to potentially survivable deaths (Eastridge et al., 2012). Insufficient tissue
oxygenation and systemic hypoperfusion promote trauma-induced coagulopathy and metabolic failure, amplifying
mortality risk (Brohi et al., 2003). Even brief episodes of prehospital hypoxia have been shown to triple mortality in
patients with traumatic brain injury and worsen neurologic outcomes (Spaite et al., 2017).

Across U.S. combat operations from 2001 to 2011, approximately 24.3 percent of battlefield deaths were assessed
as potentially survivable, and 87 percent of those fatalities occurred before arrival at a medical treatment facility.
Airway and respiratory compromise represented the second-leading cause of potentially survivable death -
conditions in which early oxygenation remains a critical intervention (Eastridge et al., 2012).

Additionally, Damage Control Resuscitation (DCR) doctrine emphasizes the prevention of hypoxia, shock
progression, and coagulopathy as core components of early trauma care. A central objective of DCR is the mitigation
of oxygen debt—the cumulative physiological deficit that develops when oxygen delivery fails to meet metabolic
demand. Even brief periods of uncorrected hypoxia accelerate metabolic acidosis, inflammatory cascade activation,
and coagulopathy, driving the casualty toward irreversible physiological collapse. As multiple authors note, “it is not
possible to incur a significant oxygen debt and suffer no consequences for lack of timely repayment,” underscoring
that oxygen is not merely supportive but time-critical (Damage Control Resuscitation, 2023; Cap et al., 2015). In
prolonged prehospital and contested evacuation environments, the inability to administer oxygen early directly
contradicts DCR objectives and increases preventable mortality.

Future large-scale combat operations are expected to exacerbate these risks through delayed evacuation and
prolonged exposure on the battlefield. Contributing operational factors include:

» Contested air corridors limiting medical evacuation (MEDEVAC) launch approval

» Extended ground evacuation distances resulting from distributed formations

» Degraded or denied communications impeding evacuation requests

» Urban density and rubble restricting vehicle access

» Chemical, biological, radiological, and nuclear (CBRN) threat environments necessitating protective posture

molecularproducts.com Issue 1, Jan 26 Page 4



These conditions keep casualties on the X - the center of the fight - longer, forcing medics to manage critical injuries
under continued threat and without immediate evacuation. Without reliable oxygen access, medics must manage
casualties with respiratory distress, TBI, or thoracic injury under conditions that preclude prevention of hypoxic
neurological decline.

The operational implications extend beyond the military. In joint civilian—-military operations, including humanitarian
assistance and disaster response, infrastructure degradation - such as power loss, debris entrapment, or toxic
atmospheres - similarly restricts access to conventional oxygen systems. First responders, firefighters, and
emergency medical services face the same functional gap, with corresponding adverse effects on patient survivability
and neurological outcomes.

Operational Impact Statement

Extended hypoxia resulting from oxygen delivery shortfalls during prehospital care increases preventable mortality
and disability, reduces combat power availability, and degrades mission readiness. Closing this gap is essential to
achieving survivability gains in LSCO and high-risk domestic response operations.

4. OPERATIONAL & PHYSIOLOGICAL CONSEQUENCES OF HYPOXIA

Hypoxic deterioration occurs rapidly following traumatic injury. When respiration is impaired, inadequate oxygen
delivery initiates a cascade leading to cellular dysfunction, secondary brain injury, multi-organ failure, and ultimately
death. In traumatic brain injury (TBI), hypoxia and hypotension are the two most significant predictors of mortality and
long-term neurological deficit (Spaite et al., 2017; Dutton et al., 2002). Even brief periods of oxygen deprivation
substantially increase the likelihood of irreversible neuronal damage (Yan et al., 2014; Seo et al., 2019).

During prehospital combat care, hypoxia may occur as a result of airway obstruction, impaired ventilation, thoracic
trauma, blast lung, smoke or toxic inhalation, or loss of consciousness following blunt or penetrating trauma. Without
supplemental oxygen, casualties deteriorate along a predictable trajectory driven by shock, catecholamine depletion,
and impaired perfusion (Eastridge et al., 2012; Kotwal et al., 2016). Timely interventions within the first hour post-
injury - the so-called Golden Hour - are strongly associated with improved survival and neurological preservation
(Howard et al., 2018; Mabry & Kotwal, 2019). This progression is illustrated in Figure 1.

Figure 1. Hypoxic Deterioration Sequence in Combat Trauma
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Oxygen therapy is therefore not a supportive treatment - it is a primary life-saving intervention. The ability to
administer oxygen immediately after injury is essential to prevent secondary complications, avoid respiratory arrest,
and preserve neurological function until evacuation or advanced care is available.

Operational Reality: The highest proportion of preventable deaths occur in areas where conventional oxygen systems
cannot be safely or reliably deployed.

5. EVALUATION CRITERIA FOR AN EFFECTIVE SOLUTION
Any oxygen delivery system intended for LSCO, austere, or hazardous environments must meet stringent
performance criteria to ensure both clinical effectiveness and operational suitability.

5.1 Clinical Performance Requirements
A suitable system must:
« Deliver = 90 % oxygen purity suitable for airway and ventilatory support(USAISR, 2018; JTS CPG
« Airway Management, 2020).
« Maintain consistent flow = 6 L/min for therapeutic application (ATP 4-02.55, 2019; JTS CPG
« Airway Management, 2020).
» Enable support for airway compromise, TBI, burns, and thoracic trauma (CoTCCC Guidelines, 2023).
« Integrate with standard nasal cannula, masks, and ventilators (MIL-STD-1472G, 2012; Zoll Impact 731
Operator’s Manual).
« Be immediately deployable with minimal cognitive and motor load on medics (ATP 4-02.55, 2019; HSI Standards
for Medical Equipment, 2017).

These factors ensure the system can support TCCC Guidelines and prevent secondary hypoxic brain injury during
prolonged prehospital care (JTS CPG TBI Management, 2020).

5.2 Operational Suitability Requirements
To function where casualties occur, systems must be:
» Non-pressurized to eliminate explosive fragmentation hazard
» Power-independent to ensure performance in degraded grids or blackout conditions
» Man-portable with minimal weight and space burden
» Ruggedized to withstand the environmental extremesof LSCO
» Zero-maintenance with long shelf life and no refill dependencies
» Approved for global transport via ground, air, and maritime supply networks
« Intuitive enough to require no specialized training or sustainment

These parameters reflect doctrinally informed requirements drawn from TCCC, JTS guidelines, and Army Health
System operational expectations.

5.3 Survivability and Readiness Considerations
» Must be safe aboard rotary- and fixed-wing aircraft, tactical vehicles, naval platforms
Must not contribute to logistics vulnerabilities (power, batteries, hazardous materials
« Must remain functional aftershock, vibration, temperature swings, or contaminants
Must align with future force concepts emphasizing dispersion, mobility, and contested logistics
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6. SOLUTION OVERVIEW: RUGGED OXYGEN GENERATOR (ROG)
The ROG provides a solid-state, non-pressurized oxygen capability designed specifically for austere, high-risk, and
power-denied environments. Unlike compressed gas or concentrator systems, the ROG™ utilizes a chemical oxygen
generation reaction of sodium chlorate (2NaClO3) to deliver a minimum of 96% oxygen at =6 L/min for a minimum
of 15 minutes, a total of 90 liters of O2 capacity, with no external power, batteries, or refills required.

6.1 System Design & Components
The system consists of:

A sealed oxygen-generating chemical canister

A simple twist-activation mechanism

Standard oxygen outlet port

Built-in Cool Touch thermal mitigation layer
Ruggedized outer casing optimized for field handling

The system is entirely self-contained and maintenance-free throughout its operational life. It requires three actions to
deploy:
Connect — Twist = Administer - enabling treatment in seconds with low cognitive demand.

6.2 Performance Parameters

Purity: Minimum of 96% medical-grade oxygen

Flow rate: =6 liters per minute

Duration: 2 15 minutes

Weight: ~2.45 kg (man-portable)

Shelf life: 1 year minimum

Deployment orientation: 360° usable position

Interfaces with masks, cannula, and ventilators with standard low-flow bypass fittings

The system can be employed as:

Primary oxygen capability for dismounted or squad-level care
Supplemental oxygen for ventilated casualties (including during MEDEVAC)
Emergency oxygen during power failure or equipment compromise

6.3 Operational Advantages

Zero explosive hazard: safe in direct or indirect fire environments per DEF STAN 00-35 ballistics testing
No power reliance: functions during blackout and silent operations

Low signature: no emitted noise, or light detectable to the enemy

Interoperability: compatible with current U.S. medical kits and platforms

Extreme environment resilience: cold, heat, dust, altitude, humidity

No roll design - allows the ROG to be set down during use

No fire accelerators as any part of the system

Low cognitive load: No adjustment valves, flow regulation tools, or power sequencing required

molecularproducts.com Issue 1, Jan 26

Page 7



Figure 2. ROG Operational Advantages
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6.4 Gas Conditioning & Thermal Moderation

The oxygen-generation process is exothermic; however, the ROG incorporates passive thermal moderation and gas-
conditioning structures that ensure oxygen exiting the device is cooled, filtered, and safe for direct patient delivery at
ambient breathing temperature.

Key characteristics:
» Thermal output s contained and moderated within the sealed oxygen canister and device housing.
« Oxygen is conditioned and stabilized prior to reaching the outlet.
» The exterior surface remains safe to handle throughout operation.
» No powered cooling or external equipment is required.
» This enables immediate clinical use without additional control hardware.

ROG provides immediate oxygen therapy at the tactical edge where traditional oxygen systems cannot be risked or
sustained.

6.5 Role Within the Existing Medical Oxygen Ecosystem

The ROG is not intended to replace conventional oxygen systems such as compressed cylinders, PTLOX units, or
powered concentrators. These systems remain essential for sustained, high-duration oxygen therapy at higher levels
of care. Rather, the ROG™ addresses a capability gap in the earliest and most time-sensitive phase of casualty
management, where traditional oxygen systems are either too hazardous, too heavy, or too power-dependent to
employ.

ROG fills the operational requirement for:
» Immediate oxygen delivery at or near the point of injury
« Care in dismounted, remote, or confined environments
» Low-signature operations where power or pressurized systems pose risk
» Prolonged field care when evacuation is delayed or denied

In this role, the ROG complements existing medical oxygen infrastructure by extending oxygen availability forward -
ensuring casualties receive critical oxygenation earlier, improving stabilization prior to handoff, evacuation, or
escalation to higher medical roles.
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7. TESTING & VALIDATION
ROG performance and environmental durability have been successfully verified through formal testing aligned with
DoD medical system expectations.

7.1 MIL-STD-810G Environmental Qualification
The system has completed testing per MIL-STD-810G including:

Test Test Standard

Vibration MIL-STD-810G/H, Method 514.8, Procedure |

High Temperature Tailored from MIL-STD-810G, Method 501.5, Procedure |lI
High Humidity & Tailored from MIL-STD-810G, Method 507.5

High Temperature

Low Temperature Tailored from MIL-STD-810G, Method 502.5, Procedure |I
Altitude MIL-STD-810G, Method 500.5, Procedure |l

Blown Sand MIL-STD-810G, Method 510.6, Procedure I

Blown Rain MIL-STD-810G, Method 500.6, Procedure |

Operational Drop Test MIL-STD-810G, Method 516.6, Procedure IV
Mechanical Shock MIL-STD-810G, Method 516.7, Procedure |

Table 1. Summary of MIL-STD-810G Tests Performed

ROG maintained consistent oxygen purity and flow throughout these environmental stresses. This testing ensures
the ROG operates reliably in real battlefield heat, cold, dust, vibration, and impact conditions according to military
standards.

7.2 FDA and Global Transport Certification
» FDA 510(k) cleared medical device
» Classified as UN3356 - permitted for global logistics via:
o Commercial & military airlift
o Ground and maritime transport
o Storage aboard aircraft, ships, tactical vehicles

This eliminates hazardous materials restrictions that reduce availability of pressurized oxygen systems and verify the
oxygen out put is clinically safe and approved for patient treatment, not experimental use.

7.3 Ventilator Compatibility Testing
The ROG was validated with the Zoll Impact 731 Ventilator under simulated patient settings. This confirms stable
oxygen delivery when used with standard ventilators, supporting seamless care during CASEVAC. Results
demonstrated:

« Stable oxygen delivery of 26 L/min

» No oxygen purity degradation

» Ventilator alarms triggered only for incomplete exhalation, not oxygen failure

» No mechanical or safety conflicts documented
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7.4 Quality Assurance & Production Standards
« Manufactured under a validated, ISO-compliant QA framework
» LOT traceability and sample testing ensure consistent output and reliability

7.5 Legacy System Validation and Proven Technology Base

The Rugged Oxygen Generator (ROG) builds on Molecular Products’ decades-long expertise in chemical oxygen
generation; the same core technology used in multiple fielded and certified systems across defense and industrial
sectors.

» CAN-33 Chemical Oxygen Generator - Produces approximately 3,300 litres of breathable oxygen for submarine
and mine-refuge applications. The CAN-33 has been integrated into U.S. and NATO naval platforms,
demonstrating consistent oxygen purity and safety in enclosed environments.

« Multi-Purpose Oxygen Generator (MPOG) and Electric MPOG (eMPOG) -These systems provide up to 2,600
litres of oxygen per unit for medical and life-support contingencies. Their sustained success under high-humidity,
vibration, and temperature extremes validates the stability and controllability of the underlying chemical oxygen
formulation.

Proven Field Performance - These legacy systems have logged tens of thousands of operational hours across
maritime and industrial platforms with zero catastrophic failures.

This proven heritage provides a verified technical foundation for the ROG. By adapting the same stabilized oxygen-
generation chemistry into a lightweight (<3 kg), power-independent design, the ROG transitions a trusted maritime
oxygen technology into a deployable capability for land-based medical and combat operations.

8. COMPARATIVE ANALYSIS

To evaluate the operational effectiveness of the ROG, its performance must be compared against other field oxygen
delivery systems currently available to military and civilian responders. The most widely utilized systems -
compressed gas cylinders and portable oxygen concentrators (POCs)

each carry limitations that restrict safe deployment into the operational environments where oxygen therapy is most
needed.

8.1 Limitations of Compressed Oxygen Cylinders
» Fragmentation and blast hazard: catastrophic risk under weapons fire
Weight and bulk: limits portability and storage aboard CASEVAC platforms
Requires refill supply chain, adding logistics burden in LSCO
Often restricted from dismounted operations due to blast hazard risk
Potential to become inadvertent missile hazard in vehicle roll over or aircraft mishap

Even where available, cylinders may be intentionally withheld from high-threat areas, preventing use at or near the
point of injury.

8.2 Limitations of Portable Oxygen Concentrators
» Require continuous power (batteries or generator-based systems)
» Degraded oxygen purity and flow at altitude or in thermal extremes
» Dust and humidity ingressreduce function in austere terrain
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» Noisy mechanical operation can compromise signature management
» Lack ruggedization expected for LSCO environments

In degraded operational conditions - the exact scenarios where hypoxia risk increases - POCs become unreliable or
non-functional.

8.3 System-Level Comparative Table

Compressed
Capability Feature ROG Cylinders POCs

Non-pressurized (no blast hazard)

Requires electrical supply

High oxygen purity maintained in
extreme environments

Man portable for dismounted use

Silent / no electro-optical signature

Shelf-stable, low sustainment burden

Safe for aircraft and tactical vehicles

Rapid deployment under fire

>PO00> O 0
000000 > 00

V)
(%)
v
<
Shelf-life, no refils or charging Q
<
V)
V)
V)

A Possible but commonly constrained by hazard, power, or sustainment limitations

Table 2. Capability Comparison of Oxygen Systems

Conclusion

ROG is the only oxygen system safe and reliable enough to support dismounted, contested logistics, and high-threat
tactical environments.

9. CROSS-DOMAIN MEDICAL APPLICATIONS

While developed to meet combat medicine requirements, the ROG solves a multi-agency capability gap shared by
national and local emergency responders.

9.1 Military Use Cases
« Squad-level and point-of-injury care where cylinders are not authorized
Prolonged Casualty Care (PCC) during delayed evacuation
Airway and ventilatory support during ground and air CASEVAC
« Tactical operations inside confined spaces, subterranean terrain, or high-rise structures
CBRNE / toxic exposure response where ambient air cannot be used

ROG expands oxygen availability deep into the fight, directly supporting TCCC execution.
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9.2 Military Use Cases
ROG provides essential capability for:

« EMS operating in remote or disaster zones with no power access
Firefighters entering oxygen-depleted or toxic environments
Search &rescue during building collapse or industrial accidents
Law enforcement in barricade, overdose, or hazmat situations
Rural healthcare, where transport distances prolong hypoxic risk

In these use cases, lives are lost when oxygen cannot be administered early - a gap ROG uniquely fills.

9.3 Joint Operations and Interoperability
Because oxygen delivery standards are universal, ROG requires:
» No specialized training
» No device-specific interfaces
« Minimal kitting changes
» Pictogram instructions and tamper proof cover latch

This interoperability increases readiness across:
o DoD medical forces
« Department of Homeland Security(DHS) components
» Federal/state/local first responders

Bottom Line:
ROG closes a shared operational and medical gap across both national defense and civil emergency care.

10. ACQUISITION AND SUSTAINMENT PATHWAY

The ROG is a commercial off-the-shelf (COTS) medical device that requires no new infrastructure, minimal training,
and limitedsustainment investment. Its adoption can be rapidly executed through existing U.S. military and federal
procurement channels.

10.1 Acquisition Readiness

ROG meets the critical acquisition prerequisites for defense medical integration:
» Fully COTS available and in active production

FDA 510(k) cleared for patient use

» UNB356 certified for global transport

No hazardous materials licensing required for storage, transport, or disposal

MIL-STD-810G validated for environmental ruggedness

These factors reduce technical risk and allow rapid transition from evaluation to fielding.

10.2 Acquisition Readiness
ROG can be procured through:
» DLA Medical supply chains(pending NSN assignment)
» (GSA schedules for interagency access (pending NSN assignment)
» Multi-year sustainment agreements for unit readiness
» Rapid acquisition pipelines for urgent operational needs
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No modifications to current medical equipment lists, evacuation kits, or clinical workflows are required.

10.3 Logistics and Sustainment Advantages
» No batteries or power accessories to replace
» No refills required throughout shelf-life
» No periodic maintenance or calibration
« Shelf-stable for one year minimum
» Reduced HQDA Class VIl burden during LSCO
» Eliminates bulk supply distribution of compressed oxygen to the edge

This logistics simplicity directly enhances operational reach and medical endurance under contested supply
conditions.

10.4 Training and Integration
 Intuitive twist to-activate deployment
» Compatible with existing ventilation and airway equipment
« Minimal user training (~3 minutes)
« Easily integrated into TCCC and PCC curricula

Recommendation Summary:

The ROG provides an immediate, zero-power, non-hazardous oxygen capability suitable for the most dangerous and
logistically constrained operating environments. Its adoption will reduce preventable deaths, increase force
survivability, and improve readiness across defense and civilian emergency response.
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