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Powering the Digitized Battlefield: Energy Sustainment

For over a century, military logistics has revolved around four essential commodities: fuel,
ammunition, food, and water. These resources enabled armies to maneuver, fight, and sustain
operations across every major conflict. However, today a fifth commodity is rapidly emerging as
a decisive factor on the modern battlefield: electrical power.

The proliferation of small, unmanned aircraft systems (SUASs), digital mission command
platforms, tactical smart devices, electronic warfare systems, sensors, and advanced
communications equipment has fundamentally changed the energy demands placed upon tactical
formations. Electrical power is no longer a convenience. It has become a prerequisite for
maintaining situational awareness, command and control, reconnaissance, targeting, mobility,
and survivability.

Figure 1. Strike’s Multi-Functional Reconnaissance Company leaders planning to
use a drone control module and Android Team Awareness Kit at night during
Rotation 24-10 with 2nd Mobile Brigade Combat Team “Strike,” 101st Airborne
Division (Air Assault) (JRTC Rotational Pic)
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Observations from the Joint Readiness Training Center (JRTC), lessons emerging from Ukraine,
and experimentation by Geronimo (the JRTC’s opposing force [OPFOR]),! reveal a consistent
trend. Units routinely field sophisticated digital capabilities but frequently lack a corresponding
plan to sustain the power required to operate them over extended periods at the forward line of
troops. Batteries are often treated as individual pieces of equipment rather than as part of a larger
energy sustainment architecture. As a result, formations gradually lose reconnaissance capability,
digital connectivity, and mission command effectiveness as batteries become depleted.

The challenge extends far beyond drones. Team leaders, squad leaders, platoon sergeants,
platoon leaders, company commanders, and staff officers increasingly carry multiple radios,
Android Team Awareness Kit (ATAK) enabled end-user devices, global positioning systems,
thermal optics, laser range finders, night vision devices, UAS controllers, and other digital
mission command tools. In many formations, leaders now carry more battery-powered systems
than ever before. As the Army becomes increasingly digitized, power generation and energy
distribution are emerging as critical sustainment functions that directly influence combat
effectiveness.

The Army has long recognized that fuel enables maneuver. Future battlefields will demonstrate
that energy enables information dominance. The force that can generate, store, distribute, and
sustain electrical power at the tactical edge will possess a significant operational advantage in
large-scale combat operations.

The Growing Energy Burden and Vulnerability on Tactical Formations

The modern infantry formation bears little resemblance to its counterpart from two decades ago.
During operations in Iraq and Afghanistan, most Soldiers relied primarily upon radios, night
vision devices, and a limited number of electronic systems. Today, virtually every warfighting
function depends upon electrical power.

Command and control increasingly rely upon digital applications such as ATAK and other
common operating picture tools. Communications are supported through multiple radio networks
and waveforms operating simultaneously across formations. Reconnaissance and surveillance are
increasingly conducted by sUAS. Counter-UAS systems, electronic warfare equipment, thermal
sights, precision navigation devices, and battlefield sensors continue to proliferate at every
echelon, from the corps down to the fire team.

This challenge is compounded by the diversity of platforms currently fielded across the force.
Different manufacturers frequently employ proprietary battery designs, unique charging stations,
specialized connectors, and varying voltage requirements. Consequently, a platoon may carry
several battery types to support multiple systems, creating additional complexity for sustainment
personnel.

! The 1st Battalion, 509th Infantry Regiment (1-509 IN Geronimo) serves as the resident opposing force (OPFOR) at
the Joint Readiness Training Center (JRTC) in Fort Polk, Louisiana. Known for their elite fieldcraft and aggressive
tactics, Geronimo simulates a highly lethal, advance peer adversary to test, stress, and prepare rotational training
units for large-scale combat operations.
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The issue is not merely logistical inconvenience. Battery shortages directly impact operational
endurance. During multiple JRTC rotations, units have demonstrated strong drone employment
during the opening phases of an operation only to experience reduced flight operations after
battery inventories were exhausted. Units have had to rely on communication windows due to
not being able to have reliable or routine access to battery chargers for their radios. As
reconnaissance assets and radios become unavailable, commanders lose situational awareness,
intelligence collection diminishes, and tactical risk increases. As a result, the modern platoon has
become an energy-dependent organization.

This dependency is particularly evident among small-unit leaders. A team leader may carry a
personal radio, squad radio, ATAK-enabled device, night vision equipment, thermal optic, and
multiple spare batteries. Platoon leaders and platoon sergeants often carry even greater power
demands as they maintain communications across multiple networks and waveforms while
simultaneously operating digital mission command systems.

The cumulative energy burden is substantial. Every additional capability introduced to the
battlefield creates a corresponding requirement to generate, store, transport, recharge, and
distribute electrical power. Yet many formations continue to view batteries as expendable items
rather than as critical sustainment resources.

sUAS: The Most Visible Energy Consumer

While the broader energy challenge affects every warfighting function, sUAS provides perhaps
the clearest tactical example of the problem.

The Army increasingly relies upon drones for reconnaissance, surveillance, targeting, force
protection, and strike operations. Squad-level systems such as Soldier Borne Sensors provide
immediate situational awareness, while larger systems extend observation ranges and contribute
directly to targeting cycles. However, drone endurance remains fundamentally constrained by
energy storage.

Units frequently arrive at combat training center (CTC) rotations with sufficient batteries to
support initial operations for the first two-to-three days. During the opening phases of a fight,
drones often provide continuous reconnaissance and dramatically improve situational awareness.
Yet as operations continue, many formations experience a gradual decline in drone availability
due to depleted batteries and inadequate charging infrastructure. This is further complicated by
the lack of an operational plan as it pertains to energy management to units at the forward line of
own troops. As a result, formations often enter operations with a finite quantity of batteries and
no structured plan for maintaining charging cycles over extended periods.

This decline rarely occurs because of enemy action. Instead, it results from sustainment shortfalls
due to insufficient staff planning and lack of leader emphasis.
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This sustainment gap becomes increasingly problematic during dispersed operations
characteristic of large-scale combat operations. Company-sized elements may operate dozens of
kilometers from higher headquarters while conducting reconnaissance, screening, security
operations, or defensive missions. Under such conditions, returning batteries to centralized
charging stations becomes difficult and time-consuming.

Furthermore, batteries themselves become logistical commodities that require tracking,
transportation, maintenance, and replacement. Damaged batteries must be removed from
circulation and not simply discarded on the battlefield. Charged batteries must be delivered
forward. Depleted batteries must be returned rear-ward for recharging. Without an organized and
operationalized system, units rapidly lose accountability and operational readiness.

The problem is compounded by the lack of standardization across the UAS enterprise. Different
platforms often require unique batteries, proprietary charging systems, specialized connectors,
and varying maintenance requirements. Consequently, units must carry multiple battery types
and charging solutions, creating logistical complexity that becomes increasingly difficult to
manage during extended operations.

Without deliberate energy planning, even the most capable drone fleet eventually becomes
combat ineffective after 24 hours.

Energy Logistics: The Next Sustainment Frontier

Historically, sustainment planners focused on fuel distribution because fuel directly enabled
mobility. The same logic now applies to energy.

Electrical power enables mission command, intelligence collection, communications, targeting,
and unmanned systems employment. Yet most sustainment processes remain focused on
traditional commodities while treating battery management as an individual responsibility.

This approach is increasingly inadequate.

Battery inventories must be forecasted. Charging capacity must be managed. Distribution plans
must be synchronized. Damaged batteries require replacement. Charging equipment must be
maintained and protected. Like ammunition or fuel, energy requires forecasting, transportation,
accountability, and resupply.

Future logisticians may find themselves tracking kilowatt-hours with the same rigor currently
applied to gallons of fuel.

The challenge becomes even more significant during large-scale combat operations characterized
by dispersion, mobility, and contested logistics. Units operating far from established support
areas may struggle to maintain sufficient charging capacity to sustain communications and
reconnaissance systems.
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To sustain a technology-dependent force, commanders must deliberately integrate tactical power
and battery requirements into the military decision-making process (MDMP) as a foundational
component of their running estimates. This necessitates actively tracking energy consumption
rates within logistics status (LOGSTAT) reporting and the logistics common operating picture,
ensuring battery replenishment is accurately forecasted across all logistic planning tables to
prevent premature operational culmination.

The result is a new sustainment problem that cannot be solved through traditional logistics
models alone.

The Tactical Edge Power Problem
Power generation at the forward line of troops presents unique operational challenges.

Conventional tactical fossil-fuel generators remain the Army’s primary solution for electrical
power generation, yet they introduce significant operational risk in a battlefield increasingly
characterized by persistent surveillance and long-range precision fires.? Generators consume
fuel, produce heat, emit acoustic signatures, and generate detectable electromagnetic emissions.
Individually these signatures may appear insignificant, but collectively they provide multiple
opportunities for enemy detection, classification, and targeting.

The tactical dilemma therefore becomes balancing energy production against survivability. Every
watt generated forward increases the potential for detection. Future power solutions must
prioritize low-signature charging architectures capable of sustaining operations while minimizing
thermal, acoustic, visual, and electromagnetic signatures. As adversaries continue integrating
drones, artificial intelligence-enabled target recognition, and sensor fusion, reducing the
signature associated with power generation will become just as important as reducing the
signature of command posts themselves.

Unlike traditional fuel systems, electrical power cannot simply be transported and stored
indefinitely without degradation. Batteries possess finite capacity, limited life cycles, and varying
environmental tolerances. Charging infrastructure requires planning, equipment, and time. Every
power solution involves tradeoffs between weight, endurance, signature, and sustainability.

The modern battlefield increasingly punishes signature generation.

As adversaries improve their ability to detect, identify, and target formations, commanders must
balance energy generation requirements against survivability concerns. Every generator
operating forward represents a potential target.

Furthermore, generators are not inherently mobile solutions. Small units conducting
reconnaissance, security operations, or distributed maneuver frequently require power far beyond
the range of centralized charging locations.

2 Watling , Jack and Reynolds, Nick, Stormbreak: Fighting Through Russian Defences in Ukraine’s 2023 Offensive
(London: Royal United Services Institute, 2024). https://www.rusi.org/explore-our-research/publications/special-
resources/stormbreak-fighting-through-russian-defences-ukraines-2023-offensive.
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At the forward line of troops, these tradeoffs become particularly acute. The challenge therefore
becomes finding methods to generate and distribute power without increasing vulnerability.
Small units require power sources that are portable, reliable, quiet, and survivable.

Battery Challenges and Limitations

Lithium-ion batteries remain the dominant power source for military and commercial systems,
but they present several challenges including charging time, limited energy density, degradation
over repeated use, and fire risk. The JRTC is experiencing a systemic uptick in catastrophic
lithium battery fires, presenting a severe safety and environment hazard to the modern,
technology-dependent force. The Rotational Safety element reports that units typically suffer one
to two thermal incidents per rotation, resulting in destroyed equipment, vehicle damage, and
Soldier burns. While mechanical abuse (such as punctures, drops, and water submersion)
presents an immediate danger of explosion, a more insidious threat lies in ambient thermal
exposure. Extreme environmental heat and high humidity, characteristic of current and future
Army operational theaters, can elevate internal battery cell temperatures to critical thresholds.
Even when shielded from direct sunlight, batteries subjected to high-ambient operating heat,
prolonged storage at a 100 percent state of charge, or improper transport in unventilated
cardboard boxes can undergo spontaneous thermal runaway.

" ISV Equipment & UAS Batteries
/ Fire Damage \ ‘?— Q

=-
D

Figure 2. Lithium Battery Fire Incidents from Rotation 26-08 116th Mobile Brigade
Combat Team Mobile Brigade Combat Team (MBCT) (VA Army National Guard)
(JRTC Safety)
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JRTC Rotational Safety recommends for the prevention of thermal runaway and severe fire
hazards in the field, units should strictly enforce the following protocols:>

e Storage and transportation: Never transport batteries fully charged or loose in
cardboard containers. Instead, store them at 50 percent to 75 percent state of charge (SoC) in
secured, individually compartmentalized containers (such as fire-resistant bags or metal
ammunition cans with the rubber seals removed to prevent pressure buildup).

e Terminal protection: All battery contact terminals must be taped or physically

shielded during transport and storage to eliminate the risk of accidental arcing and external
short circuits.

e Firefighting protocols: Personnel must be trained to recognize that standard dry
chemical extinguishers cannot stop active lithium-ion thermal runaway, as they fail to cool
the battery's self-sustaining internal reaction. Instead, standard extinguishers should only be
used to suppress surrounding secondary fires, while the thermal runaway itself is mitigated
by drenching the cells with copious amounts of water to cool the core temperature below the
runaway threshold. Sand can also be used as a substitute but likewise requires a tremendous
amount.*

When operating in extreme cold-weather environments, such as the Arctic, units must plan for
severe, immediate drops in battery performance. Extreme cold thickens a battery’s liquid
electrolyte and spikes its internal resistance, causing usable capacity to plummet by 40 percent to
55 percent at -20 degrees Celsius (-4 degrees Fahrenheit). Furthermore, attempting to charge
lithium batteries in freezing temperatures below 0 degrees Celsius (32 degrees Fahrenheit)
without internal heating elements causes irreversible lithium plating on the anode. This chemical
damage permanently degrades the battery's lifespan, increases its internal resistance, and renders
the cells highly unstable and prone to sudden, catastrophic failure.®> This phenomenon is a
frequent and severe operational challenge during Joint Pacific Multinational Readiness Center
(JPMRC) exercises in Alaska, where the 11th Airborne Division ("Arctic Angels") regularly
operates in sub-zero environments under the tactical evaluation and support of the JRTC
observer-coach-trainer teams. In these sub-zero Arctic conditions, units routinely see tactical
battery capacities instantly slashed by 40 percent to 55 percent, forcing commanders to double
their logistics footprints just to maintain baseline communication and system readiness.®

3 For more information, please contact JRTC’s Safety Director, Mr. Lee White at lee.h.white.civ@army.mil.

4 This applies only to rechargeable lithium-ion batteries. If the device uses non-rechargeable lithium-metal batteries
(which contain pure metallic lithium), do not use water, as water reacts violently with lithium metal and will cause
an explosion.

> U.S. Army Communications-Electronics Command, Life Cycle Management Command, Power Sources Team,
Power Optimizer for the Warfighter s Energy Requirements (POWER), v1.4 (Aberdeen Proving Ground, MD, ca.
2015), 18-19.

¢ Department of the Army, Technical Manual (TM) 4-33.31, Arctic and Cold Weather Maintenance Operations
(Washington, DC: Government Publishing Office, 12 December 2025).
https://armypubs.army.mil/epubs/DR_pubs/DR_a/ARN45406-TM_4-33.31-000-WEB-1.pdf
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Geronimo’s Energy Sustainment Model

One of the most innovative approaches observed at JRTC has emerged from the Geronimo
OPFOR.

Over the past year, Geronimo has refined a round-robin charging methodology designed to
minimize signatures while sustaining power at the tactical edge. Rather than relying on forward-
positioned generators, small units employ multiple high-capacity commercial power packs to
support drones, radios, ATAK devices, thermal optics, and other electronic systems.

An outstanding example of high-capacity commercial off-the-shelf equipment utilized to sustain
modern operations is the Goal Zero Yeti 700 Power Station and Nomad 100 Solar Panel Array.
This specific solar generator system is heavily employed in the field by both the mobile brigade
combat team (MBCT’s) multi-functional reconnaissance company (MFRC) and the Geronimo
OPFOR to maintain off-grid electrical power without relying on loud, heat-signature-producing
fuel generators. The Goal Zero Yeti 700 is a rugged, weather-resistant portable power station
featuring upgraded lithium iron phosphate (LiFePO4) battery technology, delivering 677.37 watt-
hours of energy and up to 600 watts of continuous alternating current output to safely power
field electronics, appliances, and tools. When paired with the lightweight, foldable Nomad 100
solar panel, this off-grid generator system can fully recharge utilizing renewable solar energy in
approximately 8 hours under optimal sunlight conditions.

Figure 3. An example of a high-capacity commercial power pack employed both
with a mobile brigade combat team’s MFRC and the type utilized by Geronimo
OPFOR, the Goal Zero Yeti 700 power station (JRTC Rotational Pic)
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The concept is straightforward but highly effective. Rather than assigning responsibility solely to
individual drone operators, Geronimo deliberately incorporates battery management into its
sustainment architecture. Squad-sized elements maintain multiple high-capacity commercial
power banks that support radios, ATAK devices, thermal optics, drones, and other electronic
systems during tactical operations. As power packs approach depletion, they are exchanged
through preplanned logistics resupply points and returned to company trains for recharging using
conventional generators positioned well behind the forward line of troops.

The process functions much like ammunition resupply. Rather than charging batteries wherever
Soldiers happen to stop, formations establish a continuous exchange cycle in which charged
power packs move forward while depleted packs move rearward. This deliberate rotation reduces
signatures at the tactical edge while ensuring uninterrupted access to electrical power (see Figure
4.)

Company - Charged
Train gl % High-
(Generators W B Capacity
Charging = Packs &

Packs) Stations

Depleted el
Packs Return Logistics
Rearward Release Point

Squad &
Platoon
Exchange

Figure 4. Geronimo Round-robin Charging
(JRTC Cell)

Success depends upon extensive planning and disciplined rehearsals. Leaders must accurately
forecast energy consumption, determine exchange frequencies, assign accountability,
synchronize logistics release points, and incorporate battery exchanges into sustainment
rehearsals before execution. Energy becomes another commodity managed by the logistics
system rather than an individual Soldier’s responsibility.

10
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This system provides several advantages:

e [t significantly reduces thermal and acoustic signatures.

e [t improves mobility.

e It minimizes fuel requirements at the forward line of troops.

e Most importantly, it treats energy as a planned sustainment commodity rather than an
afterthought.

However, success requires extensive planning and rehearsals. Units must accurately forecast
consumption, maintain accountability, establish exchange procedures, and synchronize battery
movement throughout the sustainment architecture.

The lesson is clear: energy sustainment must be planned with the same rigor applied to
ammunition and fuel distribution.

The Future of Tactical Energy
Future battlefields will place even greater demands on power generation and energy storage.

The Army’s modernization efforts continue to field increasingly sophisticated systems including
autonomous ground vehicles, loitering munitions, advanced sensors, electronic warfare
platforms, wearable technologies, and artificial intelligence-enabled systems. Each capability
increases electrical demand.

As formations become more digitally connected, energy resilience will become as important as
fuel resilience. Units unable to sustain power generation will lose access to critical information
systems, reconnaissance capabilities, and command-and-control networks.’

Advances in battery technology may help alleviate many current limitations.

Future solutions will likely combine several complementary approaches. Improved batteries will
increase storage capacity and reduce charging requirements. Renewable energy technologies may
provide supplementary charging capability. While mastering our current lithium battery logistics
is critical for immediate tactical readiness, the future of sustained operations relies on mitigating
this battery dependency altogether through emerging power generation technologies: ranging
from advanced solar panels and micro-fusion power to whatever theoretical "Galactometer 3000"
the defense industry devises next. Intelligent power management systems could optimize energy
distribution across formations. Standardized battery architectures may simplify sustainment and
reduce logistical complexity.®

" Department of the Army, Army Modernization Strategy (Washington, DC: Headquarters, Department of the Army,
2021), https://www.army.mil/e2/downloads/rv7/about/2021 army_modernization_strategy.pdf.

8 International Energy Agency, Batteries and Secure Energy Transitions (Paris: IEA, 2024).

11
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Emerging graphite- and graphene-enhanced battery architectures offer a revolutionary alternative
to the volatile lithium-ion systems currently burdening the tactical supply chain. By integrating
graphene (a highly conductive, two-dimensional carbon lattice) into battery electrodes, these
next-generation systems provide significantly faster charging rates and exponentially increased
energy density compared to legacy power sources.’

Crucially for the warfighter, these advanced chemistries inherently address the severe safety
shortfalls observed at training centers like JRTC. Unlike traditional lithium-ion cells that are
prone to spontaneous combustion, graphene-based cells demonstrate remarkable resistance to
thermal runaway. They maintain structural and chemical integrity, reducing susceptibility to
catastrophic failure even following ballistic puncture, crush damage, or prolonged exposure to
extreme operational heat and humidity. Transitioning to graphene-enhanced batteries will
drastically reduce the frequency of tactical resupply while mitigating the catastrophic fire
hazards associated with current lithium-ion technology.

Furthermore, these advanced power systems mitigate the crippling cold-weather capacity drops
experienced during Arctic operations. By offering stable operating thresholds across extreme
temperature ranges and significantly improved lifecycle durability, graphene technologies
promise to shrink the logistics footprint, ensuring units maintain their digital decision advantage
without the constant burden of battery replenishment.

Currently, high-demand artificial intelligence (Al) applications are primarily restricted to tactical
command posts where hard-wired vehicles and generator microgrids can absorb the massive
processing power drain. However, as the Army begins fielding Al-enabled applications directly
to the dismounted soldier via the ATAK, this processing surge will rapidly accelerate battery
depletion at the tactical edge, creating an unprecedented power management crisis for the
individual warfighter.

While these technologies remain under development, they represent a potentially transformative
opportunity for military operations. These technologies have demonstrated the potential to
charge significantly faster than conventional lithium-ion batteries while reducing degradation
over repeated charging cycles. '

However, technological improvements alone will not solve the problem. Tactical formations
must develop doctrine, training, and sustainment procedures that treat energy management as a
core warfighting requirement.

The next revolution in battlefield capability may not come from a new drone or sensor. It may
come from a better battery.

% U.S. Department of Energy, Advanced Battery Research and Development Overview (Washington, DC:
Department of Energy, 2024), https://www.energy.gov/cmei/vehicles/advanced-battery-development-system-
analysis-and-testing.

19 Batteries and Secure Energy Transitions.

12
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Recommendations

An Army that cannot power its digital systems cannot sustain its decision advantage.
During the 20th century, logistics determined operational reach through fuel. During the 21st
century, logistics will increasingly determine operational reach through energy.

1) Institutionalize round-robin charging networks. Geronimo’s round-robin charging
methodology represents one of the most practical and immediately implementable solutions
observed during recent rotations. Rather than relying on forward-positioned generators, tactical
formations employ high-capacity battery packs that are continuously exchanged through logistics
networks. Depleted power packs move rear-ward while fully charged replacements move
forward. The operational advantages are significant. Units reduce thermal signatures, eliminate
generator noise, decrease fuel consumption, and improve survivability. Additionally, this system
encourages commanders to deliberately plan energy sustainment rather than treating batteries as
expendable consumables.

The Army should incorporate round-robin charging concepts into doctrine, CTC scenarios,
sustainment rehearsals, and professional military education. Future company and battalion
sustainment plans should include battery exchange operations as a routine component of logistics
planning.

2) Treat energy as a fifth sustainment commodity. Integrate energy planning into
sustainment rehearsals, logistics synchronization meetings, and operational planning processes.
Current logistics processes focus heavily on ammunition, fuel, water, food, and maintenance.
Energy should be added to that list. As formations become increasingly dependent upon drones,
digital mission command systems, sensors, and communications equipment, commanders require
visibility into the status of their energy resources. Units should forecast battery consumption
rates, charging requirements, and anticipated demand during mission analysis and sustainment
planning.

The evolution of tactical sustainment shows a critical shift from yesterday's singular focus on
fuel to today's complex dual-dependency on both fuel and battery power to enable digital
mission command systems. This trajectory points toward a future where logistics planning must
mature from tracking separate fuel and battery statuses to managing a holistic "energy running
estimate," which will be essential for powering Al-enabled battle networks and silent charging
microgrids.

Mission analysis should identify anticipated electrical demand based upon planned drone
operations, communications architecture, digital mission command systems, sensors, and
electronic warfare requirements. Sustainment rehearsals should include battery exchange
procedures alongside ammunition resupply and casualty evacuation. Logistics synchronization
meetings should routinely assess energy consumption rates and projected shortfalls before they
degrade operational capability.

13
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Table 1. Evolution of Tactical Sustainment (JRTC Cell)

Yesterday Today Tomorrow
Fuel Fuel + Batteries Integrated Energy
Management
Radios Digital Mission Command Artificial Intelligence
(Al)-Enabled Battle Network
Generator Generator + Power Bank Microgrid / Silent Charging
Class IlI Sl Ereiy Expeditionary Energy
Package
Fuel Logistic Statistics : :
(LOGSTAT) Fuel + Battery Status Energy Running Estimate

Just as commanders routinely ask, “How much fuel do I have?” they should also ask, “How
many flight hours, ATAK hours, and radio hours remain available?”” This mindset shift may
ultimately prove more important than any technological advancement. Energy should no longer
be viewed as an accessory to digital systems. It is the resource that enables those systems to
exist.!!

3) Institutionalize energy management. Energy management should become a formal
component of commander running estimates, LOGSTAT reporting, logistics synchronization
(LOGSYNC) meetings, and logistics planning. Commanders currently receive detailed reporting
regarding personnel, maintenance, fuel, ammunition, and water. They require similar visibility
regarding the readiness of their digital combat power. Such reporting would provide commanders
with meaningful visibility regarding their unit’s ability to sustain reconnaissance, mission
command, and communications capabilities. Energy readiness directly affects operational
readiness and should be reflected within commander running estimates.

Future LOGSTAT reports should include battery inventories, available charging capacity, power-
bank availability, projected consumption rates, and estimated endurance for key systems.
Battalion S-4 sections and company executive officers should routinely assess how many hours
of communications, reconnaissance, and mission command capability remain before recharge
becomes necessary.

! Department of Defense, Operational Energy Strategy (Washington, DC: Department of Defense, 2023),
https://www.acq.osd.mil/eie/ero/oe/index.html.

14
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Table 2. Example Company Energy LOGSTAT (JRTC Cell)

Commodity Status Remarks
Fuel Green 72 hrs
Water Green 96 hrs
Class V Amber 68%
Drone Batteries Amber 38 charged / 64 total
Power Banks Green 12 available
Charging Capacity Red Only 8 simultaneous charging ports
Andro(ig\xﬁt)icséaizzult Kit Green 100% operational
Radios Amber 24-hour battery reserve
Estimated Energy Endurance Amber 30 hours without resupply

Logisticians should utilize planning tools, such as Power Optimizer for the Warfighter s Energy
Requirements, designed to help plan and manage the energy needs of dismounted soldiers and
their equipment in operational environments.'> However, these tools must be updated to account
for the wide variety of batteries utilized within rifle companies. Leaders seeking to quantify
electrical demand should reference Powering the Front: Tactical Energy Delivery and
Management in the Ukraine War. This provides excellent planning tools that estimates the
typical battlefield electronics carried by tactical formations, their power requirements (watts),
expected duty cycles, and projected daily energy consumption (watt-hours). This provides
commanders and logisticians with a practical method for forecasting energy demand before
operations. '

4) Field expeditionary energy Kits. Rather than requiring individual units to develop ad
hoc charging solutions, the Army should field standardized expeditionary energy kits at company
level and below. Much like communications packages or mortar systems, these kits should

12 Power Optimizer for the Warfighter s Energy Requirements POWER, Volume 4.

13 Serowik, Joseph COL and Szulczyk, Jakub MAJ, Powering the Front: Tactical Energy Delivery and Management
in the Ukraine War, CALL No. 26-1116 (Fort Leavenworth, KS: Center for Army Lessons Learned, March 2026),
https://api.army.mil/e2/c/downloads/2026/03/30/c260713f/mo-26-1116-powering-the-front-tactical-energy-delivery-
and-management-in-the-ukraine-war.pdf.
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become organic capabilities designed specifically to sustain digitized operations.'*

Each package should be modular and scalable, allowing commanders to tailor energy support
based upon mission requirements. At a minimum, expeditionary energy kits should include:

High-capacity power banks
Ruggedized multi-bay charging stations
Fire-resistant battery storage containers
Battery management software
Lightweight solar augmentation kits
Vehicle charging integration kits

o Portable microgrid technology

Since the first transformation-in-contact enabled unit and follow-on CTC rotation, there is a
gradual increase in the number of high-capacity power packs and small solar panel charging
stations deployed at each command post at echelon. As recently as Rotation 26-07 with 3rd
Mobile Brigade Combat Team, 10th Mountain Division, each tactical command post (CP) (TAC)
and main CP employed high-capacity power packs. However, it was only one to two power
packs per CP with none at the tactical level, outside of the multi-functional reconnaissance
company. Standardizing these capabilities across the force would reduce logistical complexity
while significantly improving operational endurance.

5) Account for environmental effects on batteries and energy management.
Environmental conditions have a direct and often overlooked impact on battery performance,
charging efficiency, service life, and operational endurance. Extreme cold reduces battery
capacity, slows electrochemical reactions, and may permanently damage lithium-ion batteries if
charged below freezing temperatures.'> Conversely, extreme heat accelerates battery degradation,
shortens service life, and increases the risk of thermal runaway, particularly when batteries are
stored fully charged or exposed to prolonged high temperatures. Moisture, dust, vibration, and
mechanical shock further contribute to premature battery failure and create additional safety
hazards during field operations.

14 Department of the Army, Army Climate Strategy (Washington, DC: Department of the Army, 2022),
https://www.army.mil/e2/downloads/rv7/about/2022_Army_Climate Strategy Implementation Plan FY?23-

FY27.pdf.

15 Department of the Army, ATP 3-90.96 (INCL C2), Cold Regions Operations (Washington, DC: Government
Publishing Office, 24 FEB 2025), https://armypubs.army.mil/epubs/DR_pubs/DR_a/ARN46141-ATP 3-90.96-002-

WEB-5.pdf.
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Commanders and sustainers should account for environmental conditions throughout planning,
preparation, execution, and assessment. Battery stockage objectives should be adjusted to
account for reduced endurance in extreme climates, while charging timelines and resupply
forecasts should reflect environmental impacts on charging rates and battery longevity. Batteries
should be transported in insulated, fire-resistant containers that protect against thermal extremes,
moisture intrusion, and physical damage. In cold-weather environments, spare batteries should
be carried close to the body whenever practical or protected beneath insulating outer garments,
such as over whites worn on load-bearing equipment, to leverage body heat and reduce exposure
to wind chill. Charging operations should be conducted in temperature-controlled environments
whenever possible, and batteries should be allowed to return to recommended operating
temperatures before charging.'®

Units should also incorporate environmental battery management into logistics synchronization
meetings, sustainment rehearsals, and commander’s running estimates. Leaders should identify
environmental risks to energy sustainment during mission analysis and develop mitigation
measures alongside other sustainment planning considerations. As the Army expands operations
in Arctic, desert, jungle, and other austere environments, accounting for environmental effects on
batteries will become essential to maintaining mission command, communications,
reconnaissance, and the operational endurance of digitally enabled formations.'”

6) Employ tactical power save modes and manage the electromagnetic signature. As
formations prepare for decisive operations, commanders should deliberately transition
nonessential electronic systems into tactical power save modes to simultaneously reduce
electromagnetic emissions and conserve limited battery capacity. During the final stages of
preparation before a deliberate attack, air assault, wet-gap crossing, or other major operation,
units should evaluate which command-and-control systems, radios, ATAK-enabled devices,
electronic warfare systems, unmanned systems, sensors, and other electronic equipment can
safely operate in low-power, standby, sleep, or emissions-controlled modes until execution
begins. This deliberate reduction in electronic activity decreases a formation’s electromagnetic
signature while preserving a critical sustainment commodity: electrical power. '8

16 Army Techniques Publication (ATP) 3-90.96 (INCL C2), Cold Regions Operations.
17 Advanced Battery Research and Development Overview, 2024.

18 Department of the Army, Field Manual (FM) 3-12, Cyberspace and Electromagnetic Warfare (Washington, DC:
Government Publishing Office, SEP 2023), https://armypubs.army.mil/epubs/DR_pubs/DR_a/ARN45009-FM 3-12-

000-WEB-1.pdf.
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Observations from Geronimo at the JRTC illustrate the value of this approach. Prior to the main
effort during selected deliberate attacks in Torbia (training area), Geronimo has periodically
transitioned portions of its electronic architecture into reduced-power operating states, limiting
unnecessary emissions while conserving battery life for the decisive phase of the operation.
Rather than continuously transmitting, charging, or operating every electronic system throughout
preparation, units selectively prioritize mission-essential capabilities and delay activating others
until required. This disciplined approach not only extends operational endurance but also
complicates enemy electronic support, signals intelligence, and targeting efforts by reducing the
unit’s electromagnetic signature during one of the most vulnerable phases of an operation.

Power save measures should be incorporated into unit standard operating procedures,
communications windows, emissions control (EMCON) plans, pre-combat checks and
inspections, sustainment rehearsals, and commander running estimates. Leaders should identify
which systems can safely transition to reduced-power modes, establish activation criteria tied to
decision points or execution triggers, and ensure operators understand the tactical balance
between maintaining situational awareness and preserving battery life. Future battlefield success
will increasingly depend upon disciplined management of both electrical energy and the
electromagnetic spectrum, recognizing that every unnecessary transmission or fully powered
device not only consumes valuable battery capacity but also increases the formation’s
detectability. !’

7) Train on energy management as a collective task. Energy management should become
a routinely trained collective task rather than an administrative responsibility left to individual
operators. Just as units rehearse ammunition resupply, casualty evacuation, logistics package
operations, and command post displacement, they should routinely rehearse battery exchange
operations, expeditionary charging plans, emergency power contingencies, and the distribution of
power resources during sustained operations. CTC and home-station exercises should
deliberately stress formations by limiting charging capacity, introducing battery failures,
degrading commercial power sources, and forcing commanders to prioritize which systems
receive available power. These conditions replicate the realities of contested logistics while
reinforcing disciplined energy management at every echelon.

19 Marine Corps Intelligence Schools, Intelligence Training Enhancement Program, Signature Management
(SIGMAN) EP Emission Control Standard Operating Procedure (EMCON SOP): A Guide to Reduce Technical
Signature, Ed. Brendan McBreen (Virginia Beach, VA, 1 November 2020), https://2ndbn5thmar.com/emcon-sop/.
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One collective task should include the development and continuous refinement of an energy
running estimate as part of the sustainment running estimate. Like tracking ammunition, fuel,
maintenance, and Class VIII supplies, commanders and staffs should continuously assess battery
inventories by type, available charging capacity, expeditionary power-bank availability, projected
consumption rates, estimated endurance for critical systems, and environmental impacts on
battery performance. This running estimate should inform LOGSYNC meetings, LOGSTAT
reporting, sustainment rehearsals, and commander’s updates, enabling leaders to forecast when
communications, mission command systems, unmanned aircraft, sensors, and other digital
capabilities will require recharge or resupply before they become combat ineffective.

Potential collective tasks to train on include:

o Develop and maintain an energy running estimate.

o Forecast battery consumption by phase of the operation.

o Conduct battery and power-bank exchange operations through logistics release points
(LRPs).

o Establish and displace expeditionary charging sites.

J Integrate energy status into LOGSTAT reports and LOGSYNC meetings.

o Prioritize electrical power based on the commander’s critical information requirements
and mission-essential systems.

o Execute tactical power-save and EMCON procedures prior to decisive operations.

o Adjust battery management procedures based on environmental conditions such as

extreme heat or cold.

Commanders should routinely incorporate energy management into troop leading procedures, the
military decision-making process, sustainment rehearsals, and command post exercises. Leaders
should ask: How many hours of digital combat power remain? Which systems are mission
essential? When is the next battery exchange required? Where is charging capacity available?
Answering these questions before execution develops habits that translate directly to operational
success. Like fuel management, energy management is a perishable skill that improves only
through disciplined repetition under realistic conditions.

8) Standardize battery architectures across tactical systems. The Army currently fields
dozens of battery types across radios, UAS, optics, sensors, mission command systems, and
electronic warfare systems. This lack of standardization creates unnecessary logistical
complexity and significantly increases the sustainment burden on tactical formations. A platoon
operating multiple drone systems may carry several unique battery types, chargers, and
replacement components, creating challenges for storage, transportation, accountability, and
resupply. Like how the Army benefits from standardized ammunition calibers and fuel systems,
the UAS and digital device enterprise would benefit from a family of common batteries capable
of powering multiple systems across formations. Such an approach would reduce supply chain
requirements, improve interoperability, simplify training, and enable units to redistribute
batteries between systems during combat operations. Most importantly, it would reduce the
likelihood that a mission-critical system becomes unavailable simply because a specific battery
type cannot be sourced forward.
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Figure 5 illustrates a phased operational process for energy sustainment ecosystem where each
major stage is comprised of distinct enabling actions or systems that must be completed before

moving to the next phase.

Standardize charging infrastructure. Battery standardization alone will not solve the energy
challenge if charging systems remain fragmented. Current formations often deploy with
multiple charging stations, incompatible cables, proprietary adapters, and platform-specific
charging equipment. This increases both logistical complexity and operational friction. The
Army should pursue a common charging ecosystem capable of supporting drones, ATAK
devices, radios, sensors, and other tactical systems from a shared charging architecture.
Standardized charging stations would improve interoperability, simplify sustainment planning,
reduce training requirements, and improve the ability of units to rapidly establish charging
operations in austere environments. Such a system should prioritize modularity and scalability,
allowing formations to expand or contract charging capability based upon mission
requirements. Similar in nature to the effort to provide multi-bay chargers to the squad and
platoon with the development of the advanced battery charger (ABC — NSN: 6130-01-660-

3696) and the Soldier portable charger (SPC — NSN: 6130-01495-2839).2°
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Figure 5. Example of Tactical Energy Ecosystem (JRTC Cell)

20 program Executive Office Soldier, Soldier Power Overview (Fort Belvoir, VA: PEO Soldier),

https://peo360portfolio.com/product-details/product/219.
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9) Accelerate next-generation battery technology adoption. Accelerate Army investment
in graphite-, graphene-, solid-state, and other next-generation battery technologies. The Army’s
reliance upon lithium-ion technology mirrors broader commercial industry trends, but future
battlefields may require energy solutions that exceed current limitations. Emerging graphite-
enhanced, graphene-enhanced, and solid-state battery technologies offer the potential to
dramatically increase charging speed, energy density, service life, and operational safety. Several
emerging technologies have demonstrated the ability to charge substantially faster than
traditional lithium-ion batteries while reducing degradation and fire risk.

This is particularly important given the gradual increasing frequency of battery-related incidents
observed during training events. Damaged lithium batteries have caused burns, equipment
damage, and small fires during multiple training rotations. Batteries capable of resisting
puncture, moisture exposure, and thermal runaway would improve both safety and operational
effectiveness. While not yet mature enough for widespread fielding, the Army should actively
monitor commercial innovation and accelerate experimentation through rapid acquisition
pathways.

Conclusion

The Army’s dependence upon electrical power is increasing faster than its ability to sustain it.
Drones, radios, ATAK devices, sensors, electronic warfare systems, and digital mission
command platforms have transformed the modern formation into an increasingly energy-
dependent organization.

Yet observations from training and combat reveal that energy logistics remains underdeveloped.
Batteries are often treated as accessories rather than sustainment commodities. Charging
infrastructure remains fragmented. Standardization remains limited. Energy planning is rarely
integrated into sustainment processes with the same rigor applied to fuel or ammunition.

Commanders must evolve their sustainment mindset beyond merely surviving a 14- to 21-day
CTC rotation in the fictional operational environment of Torbia. If brigade combat teams
currently struggle to sustain tactical power and maintain their digital decision advantage for three
weeks at JRTC, the logistics friction of a prolonged multi-year conflict—comparable in scale and
duration to the campaigns of World War II or the Korean War—will be insurmountable without a
paradigm shift. True combat readiness demands that units plan for continuous, indefinite energy
sustainment, treating power management as a strategic imperative for long-term large scale
combat operations rather than a short-term training hurdle.

The future battlefield will not simply reward formations that possess advanced technologies. It
will reward formations that can keep those technologies powered.
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The Army has long recognized that fuel enables maneuver. The next challenge is energy
distribution. Future battlefields will demonstrate that energy enables information dominance.
Every drone launched, radio transmission made, ATAK icon updated, thermal optic activated,
and electronic warfare system employed depends upon reliable electrical power. The ability to
generate, store, transport, distribute, and protect that power is rapidly becoming as important as
ammunition resupply or fuel distribution. Large-scale combat operations are creating a fifth
sustainment commodity. Alongside fuel, ammunition, food, and water, formations must now
deliberately manage energy as a combat resource. The force that master’s energy sustainment
will retain its ability to communicate, sense, understand, decide, and strike long after less-
prepared adversaries have gone dark.
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