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The Battery Energy Storage System (BESS) sector has entered a critical inflection point where
performance metrics directly determine project economics, operational viability, and long-term asset
value. This whitepaper establishes a rigorous, standards-aligned methodology for evaluating round-trip
efficiency (RTE) in liquid-cooled BESS platforms, moving beyond nameplate specifications to reflect
real-world grid-connected operating conditions.

Key findings demonstrate that true system efficiency is an emergent property integrating
electrochemical losses, power conversion behavior, thermal management architecture, and
time-dependent auxiliary power consumption. For the StorEDGE 0.25 platform, average system RTE
measures approximately 88.05% under single-cycle configuration and 89.3% under multi-cycle operation
- a performance differential driven by fixed baseload auxiliary losses and their amortization across
varying energy throughput profiles.

This analysis, grounded in IEC 62933-2-1:2017 and IEEE P2688 standards, provides system integrators,
asset owners, and financiers with transparent, comparable metrics for assessing liquid-cooled BESS
performance across diverse operational regimes and climatic conditions.
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Introduction: The
Efficiency Paradigm Shift

1.1 Market Context and Regulatory
Evolution

The rapid maturation of the BESS sector has fundamentally

Did you
reshaped how performance is defined, measured, and

know?
guaranteed. As deployments scale from pilot installations to

utility-grade infrastructure - encompassing energy arbitrage, “Rated efficiency” can be
frequency regulation, and capacity firming applications - misleading. Real-world
performance metrics such as round-trip efficiency and . . .

auxiliary power consumption have become critical operation includes hidden

determinants of project economics. losses beyond the batt(?lry
cells.

Historically, efficiency was often represented as a static,
nameplate value derived from cell-level or component-level
measurements.

This approach proved inadequate for grid-scale applications,
which operate under:
Highly variable duty cycles (single vs. multi-cycle daily
operations)
Diverse ambient temperature regimes
Realistic operating profiles featuring partial-load, charge
tapering, and extended standby periods
Stringent safety and reliability requirements driving baseline
auxiliary loads

Today's standards-driven landscape demands a system-level
perspective that reflects these operating realities, including
standby consumption and multi-cycle duty profiles.

1.2 Technology Transition: Air-Cooled to
Liquid-Cooled Architectures

A key driver of efficiency methodology evolution is the
industry-wide transition from air-cooled to liquid-cooled
thermal management architectures.

This shift offers significant advantages:
Higher energy density and improved space utilization
Superior thermal uniformity and cell-level temperature
control
Enhanced cycle life, particularly for lithium iron phosphate
(LFP) chemistries
Reduced thermal degradation under high C-rate operation
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However, liquid-cooled systems introduce a more complex auxiliary power profile. Fixed baseload
demands from coolant circulation and control systems, combined with variable thermal loads driven by
operating C-rate and ambient conditions, materially influence system-level efficiency. Accurately
characterizing the interaction between these auxiliary loads and daily operating profiles is essential to
determining true RTE.

1.3 Purpose and Scope

This whitepaper examines liquid-cooled BESS efficiency dynamics through a standards-aligned,
system-level framework. The analysis:
Defines efficiency metrics within the international standards landscape (IEC 62933-2-1, IEEE P2688, UL
9540A)
Explains fundamental loss mechanisms in electrochemical and power conversion systems
Characterizes the thermodynamic behavior of liquid-cooled thermal management architectures
Decomposes auxiliary power consumption by subsystem and operational regime
Evaluates single-cycle versus multi-cycle operational efficiency profiles
Applies these frameworks to the StorEDGE 0.25 platform with representative performance data

Efficiency Metrics and International
Standards Framework

2.1 Round-Trip Efficiency Definition

Round-trip efficiency (RTE) quantifies the percentage of energy input to a BESS that is recovered during
subsequent discharge, accounting for all conversion losses and auxiliary power consumption. The
standard definition, per IEC 62933-2-1:2017, is [1]:

tcycle P t dt
T L L O LN
Enominal
Where:
E . = Rated energy capacity (kWh)
P_ . (t)= Net output power available at the point of connection (kW)
t e = Duration of complete charge-discharge cycle

This formulation captures the fundamental reality that auxiliary power consumption varies temporally
and is not a static percentage.

2.2 IEC 62933-2-1:2017 Global Standard

IEC 62933-2-1:2017 serves as the primary international reference for energy storage system efficiency,
establishing critical principles:
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System Boundaries: The energy storage system is defined as a complete black-box entity
encompassing:

Storage elements (battery modules and cells)

Power conversion system (PCS / inverter)

All auxiliary subsystems (thermal management, BMS, controls, HVAC)

Measurement point at the point of connection (POC)

Inclusion of Auxiliaries: All auxiliary energy consumption must be included in RTE calculations, whether
supplied internally or via external feeders, integrated over both active and standby operating periods[1].
This requirement fundamentally changed how BESS performance is reported, eliminating the possibility

of masking auxiliary losses through component-level metrics.

Time-Integration Approach: Rather than relying on averaged or nominal efficiency figures, IEC
62933-2-1 mandates integration of actual power flows over defined duty cycles, accommodating
partial-load operation, charge tapering, and realistic thermal profiles.

2.3 IEEE P2688 Energy Storage Management Systems

IEEE P2688 complements the IEC framework by standardizing energy storage management system
(ESMS) control logic, with particular emphasis on thermal management strategies. Key contributions
include:
Differentiation between relatively constant housekeeping loads (BMS, sensors, HMI) and
operating-condition-dependent thermal loads (chillers, pumps)
Standard control logic for auxiliary load management across varying ambient temperatures and
C-rates
Guidance on preventive thermal strategies that avoid unnecessary energy consumption
Standardized test profiles and reporting formats for transparent inter-platform comparison

This framework enables more consistent auxiliary loss modeling across diverse manufacturer
implementations.

2.4 UL 9540A Safety and Reliability Implications

While primarily a safety standard, UL 9540A indirectly influences efficiency by mandating robust thermal
management designs that establish a higher baseline auxiliary load. Requirements include:
Continuous thermal monitoring and reporting
Active cooling systems capable of maintaining cells within safe operating limits under all foreseeable
conditions
Redundant sensing and control pathways for critical thermal parameters
Comprehensive diagnostics and protective shutdown logic

These safety requirements necessarily increase auxiliary power consumption but provide essential
reliability assurance for utility-scale deployments.




Fundamental Loss
Mechanisms

3.1 Electrochemical Losses in LFP Systems

Accurate RTE determination requires clear understanding of fundamental loss mechanisms along the
energy conversion path. In utility-scale stationary storage, lithium iron phosphate (LFP) chemistry
dominates due to thermal stability and long cycle life.

Heat generation within LFP cells arises from two mechanisms:
Joule Heating (IR Losses):

Q}oule = IzRinternaIAt

Joule heating from cell internal resistance is the dominant heat source, particularly during high-rate
operation. Critically, heating scales with the square of current, meaning thermal losses and corresponding
cooling demand increase disproportionately with higher C-rates. For example, doubling the discharge rate
quadruples resistive heating, creating non-linear demand on thermal management systems.

Entropic Heat: Reversible entropic effects contribute heat that varies with state of charge. Under typical
high-throughput operating conditions, entropic effects are generally secondary compared to Joule
heating.

Thermal Control Implications: Thermal management systems must be designed to manage these
internally generated losses while maintaining cell temperatures within the optimal operating range

(typically 15-40 °C for LFP). Temperature deviations outside this window accelerate degradation and
reduce cycle life, creating an economic incentive for robust cooling even if it increases auxiliary load.

3.2 Power Conversion System Losses

The power conversion system (PCS) contributes non-linear electrical losses that significantly influence
overall RTE. Modern bidirectional inverters exhibit load-dependent efficiency profiles with distinct
characteristics[2]:

Table 1: Typical bidirectional inverter
efficiency profiles

During realistic operating profiles including
Peak efficiency 98-99% Minimal switching losses partial-load operation and charge tapering,
. PCS efficiency can deviate significantly from
(mid-load, ~50% rated) nameplate values. Figure 1 illustrates the
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff relationship between PCS load percentage
Low power (<20% rated) 95-97% Fixed switching losses and both efficiency and power loss,
. demonstrating the substantial power losses
domlnate (8 kW) incurred at low load conditions and the
””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” optimal efficiency window at 40-60% rated

High power (>80% rated) 96-98% Thermal stress, ripple load. Consequently, accurate RTE assessment
requires time-integrated evaluation of PCS

losses efficiency across the complete operating
77777777777777777777777777777777777777777777777777777777777777777777777777777 L profile rather than reliance on a single
Stand by (0% OUtpUt) —_— No power conversion averaged efficiency figure.
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Fundamental Loss
Mechanisms

4.1 System Architecture and Operational Principles

Contemporary liquid-cooled BESS platforms employ closed-loop cooling architectures in which a
water-glycol coolant circulates through cold plates integrated within battery modules, absorbing heat
generated during operation and rejecting it to the ambient environment via a liquid chiller or liquid-to-air
heat exchanger[3].

The total thermal management system power demand comprises:
Coolant circulation pump power (driving fluid through dense microchannel networks)
Electrical input to the heat rejection unit (chiller compressor)
Control logic and safety interlocks

4.2 Coolant Circulation and Pumping Losses

Coolant pump power is driven by the required flow rate and system pressure drop associated with dense
microchannel networks designed to ensure uniform thermal contact across large cell populations.
Liquid-cooled racks exhibit higher hydraulic resistance than air-cooled alternatives, necessitating robust
pump operation.

A critical distinction of liquid-cooled systems is that minimum coolant flow is typically maintained
even during idle or standby conditions to prevent thermal stratification and ensure representative
temperature sensing. This establishes a continuous baseload auxiliary load that is largely absent in
air-cooled systems, typically ranging from 0.18-0.30 kW for medium-scale systems.
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4.3 Heat Rejection via Vapor-Compression Chilling

Heat rejection is commonly achieved using vapor-compression chillers, whose efficiency is characterized
by the coefficient of performance (COP):

COP = Qrejected

WEIE’CETECEIE

Where:
Qejected = Thermal energy rejected (kW)
wectrical = Electrical input to chiller compressor (kW)
COP Behavior and Temperature Dependence: COP is strongly dependent on the temperature
differential between the coolant and ambient air. Under standard operating conditions (ambient 25 °C,
coolant setpoint 30 °C), COP typically ranges 2.0-2.5. However, as ambient temperature increases, the
temperature differential grows and COP degrades:

Tcool

COP =

Tambient — Tcool

At ambient temperatures exceeding 35 °C, COP may decline to 1.8-1.5, substantially increasing auxiliary
power demand. The dramatic degradation of COP with rising ambient temperature is illustrated in
Figure 2, which shows a non-linear decline from 2.8 at 10 °C to 1.55 at 50 °C ambient.

Chiller COP Declines with Ambient Temp (10 to 50 °C)

Performance drops significantly above 35 °C ambient
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Auxiliary Power
Consumption Analysis

5.1 Subsystem-Level Decomposition

Auxiliary power consumption in battery energy storage
systems is inherently complex due to variations in ambient
conditions, operating profiles, and system architectures. A
representative decomposition for liquid-cooled platforms
includes:

Active Cooling System (Chiller):

The liquid chiller is designed to deliver up to 6 kW of thermal
cooling capacity with maximum electrical power draw of
approximately 2.8 kW, corresponding to an coefficient of
performance (COP) of ~2.1 under worst-case operating
conditions. For StorEDGE 0.25, a 250 kWh system operating at
0.5C discharge rate generates approximately 2.5-3.6 kW of
thermal losses, resulting in estimated chiller power
consumption of 1.2-1.55 kW[1,2].

Coolant Circulation Pumps (Fixed Baseload):

The coolant circulation pumps constitute a steady auxiliary
load with typical power consumption of approximately 0.32
kW. This demand remains largely constant or semi-constant
during system operation, independent of instantaneous
thermal load, representing a fixed baseload component of
overall auxiliary power.

Battery Management System and Control Electronics:

The integrated control architecture including BMS, HVAC
controller, system sensors, human-machine interface (HMI),
and energy management unit (EMU) exhibits combined power
consumption typically ranging from 0.048 kW for StorEDGE
0.25 configuration. Although modest in magnitude, this
auxiliary load operates continuously throughout the year
(8,760 hours), resulting in non-negligible contribution to
annual energy consumption.

5.2 Auxiliary Power as a Function of
Ambient Temperature

Auxiliary power consumption is not a single fixed value but
rather a multidimensional function of ambient temperature
and operating C-rate. The interaction of these parameters
directly influences thermal management strategies:
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Even when a system is
idle, auxiliary
components such as
pumps and
controllers continue
to consume energy,
which can significantly
influence overall
performance.
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Low Ambient Temperatures (< 15 °C): Under low ambient conditions, the
mechanical chiller remains inactive. Thermal regulation is achieved through
passive or "free-cooling" operation, wherein coolant circulation bypasses the
compressor. In extreme cold environments (below —20 °C), supplemental
heaters may be engaged to maintain cells within allowable operating limits.
Auxiliary power consumption is primarily driven by coolant circulation pumps
and control electronics, typically 0.2-0.35 kW.

Moderate Ambient Temperatures (15-30 °C): Within the nominal
operating temperature range, the chiller operates intermittently or at
partial load, depending on instantaneous heat generation and system
C-rate. Auxiliary power consumption remains moderate, with typical values
approximately 1.32 kW.

High Ambient Temperatures (> 35 °C): At elevated ambient temperatures,
the chiller operates continuously at higher capacity to maintain thermal
stability. Chiller efficiency degrades, resulting in reduced COP and increased
demand. Auxiliary power consumption reaches peak levels, potentially
exceeding 1.55 kW.

Figure 3 provides a comprehensive heatmap visualization of auxiliary power
consumption across the full spectrum of ambient temperatures (-20 °C to
+50 °C) and discharge C-rates (0.25C to 1.5C), revealing the dramatic scaling
of auxiliary loads in high-temperature, high-rate operating conditions. This
multidimensional view is essential for site-specific deployment planning and
for optimizing dispatch strategies in diverse climatic zones.

Auxiliary Power rises with Temperature and C-rate

10.34 kW 13.40 kW 21.34 kW 25.85 kW 5
50 °C
8.46 kW 11.04 kW 14.57 kW 18.80 kW 4
o 40°C
= 6.58 kW 9.17 kW 11.75 kW 15.04 kW 3 g
'g 30°C 3
a
<<
2.82 kW 3.76 kW 4.94 kW 6.20 kW 2
20°C
1.41 kW 1.65 kW 1.97 kW 2.26 kW !
10°c © GoodEnough Energy 2026
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Discharge C-rate

Figure 3:
Auxiliary Power Consumption Heatmap - Ambient Temperature vs. C-Rate -

showing strong coupling between elevated ambient temperature and discharge
rate.
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5.3 Auxiliary Power Breakdown Table

Component

BMS & Controls
(fixed losses)

Coolant Pumps
(fixed losses)

Chiller unit
(active losses)

PCS including auxiliaries
(active losses)

Standby Power
(Approx.)

0.015-0.048 kW

Active Power
(0.5C, 25°C)

0.015-0.048 kW

3.8-5.2 kW

Auxiliary Power Breakdown by Operating Mode

Active mode requires 17x more power than standby

7

Power (kW)

0 0.24

0.24

Standby Mode

Operating Mode

Active Mode (0.5C, 25°C)

5.4 Mathematical RTE Formulation

Table 2:

Estimated Auxiliary Power Breakdown
(StorEDGE 0.25)

The decomposition of auxiliary power across
active and standby operational modes reveals
a dramatic difference in system loading
characteristics.

PCS auxiliaries
Chiller unit
Coolant Pumps

BMS & Controls

Figure 4:

Auxiliary Power Breakdown - Standby vs.
Active Operation - showing the stepwise
increase in total auxiliary load from 0.27 kW
in standby to 6.12 kW in active mode

This architectural feature creates strong
utilization-dependent efficiency
characteristics, as explored further in
Section 6.

Figure 4 presents a detailed stacked-bar
visualization comparing these modes,
demonstrating how the chiller and PCS
auxiliaries contribute minimally in standby
but become the dominant power consumers
during active operation.

The most rigorous RTE calculation, fully compliant with IEC 62933, uses an integral approach over the

duty cycle period:

J‘tcycle

Poue (0) dt

RTE = =2

X 100%

Enominal

Where the net output power is defined as:
Pout(t) = 1:’PCS(t) - PAux(t)
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With total auxiliary power decomposed as:
l:)Aux (t) = pThermal (t) + l)PCS(aux) (t) + l)BMS+Contr01 (t) + PPump (t) + l:’Miscellaneous (t)

This formulation captures the fundamental reality that auxiliary power varies temporally and is not a
static percentage of throughput. Figure 5 presents a waterfall decomposition of the energy conversion
path, visually demonstrating how successive loss mechanisms reduce the initial 100% grid input energy
to the final 88% RTE in single-cycle operation, with battery ohmic losses representing the largest
contributor (7%), followed by PCS conversion losses (4%), and auxiliary losses (~2%).

Energy Efficiency Flow for Single-Cycle Operation

100%
100 L ‘ .
Figure 5:
-3.5%
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Did you know?

The way a battery system is cycled

Operational Regime whether once or multiple times per day

Analvsis: Singl | can shift efficiency outcomes, because
nalysis: Slng e-Cyc eVvs. standby losses and thermal loads

Mu|ti-Cyc|e Performance interact differently with each regime.

6.1 One Cycle Per Day: The Standby Penalty

In a single-cycle regime (e.g., 2-hour charge, 2-hour discharge), the system is active for only 4 hours, with
20 hours in standby[2,3]:

Operating Characteristics:
Throughput: Low (1x capacity per day)
Thermal Load: Low - the battery mass has ample time to cool down naturally between cycles, reducing
burden on active chiller
Auxiliary Profile: Fixed losses (BMS + HMI + control sensors + idle pumps) dominate the energy
equation
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Representative Energy Balance: For a 250 kWh system, standby losses of approximately 0.275 kW
sustained over 20 hours equal 5.5 kWh of loss. Over 4 active hours, conversion and thermal losses may
reach approximately 24.62 kWh. Total daily loss approaches 30.12 kWh, corresponding to net efficiency
of approximately 88.0%.

Key Impact: The high ratio of standby hours makes fixed losses a larger percentage of total energy
moved, creating an efficiency penalty. Figure 6 provides a detailed pie-chart visualization of the daily loss
composition, revealing that active thermal and conversion losses dominate (81.8%), while standby pump
losses account for a substantial secondary component (16.9%).

Energy Efficiency Flow for Single-Cycle Operation

16.9% Active Thermal & Conversion
5.1kWh
1.3% Standby Pump Losses
0.39kWh . Standby BMS & Control
Figure 6:

© GoodEnough Energy 2026

Daily Energy Loss Composition - Single-Cycle
Operation (250 kWh System)

6.2 Two Cycles Per Day: Amortization and Thermal Dynamics

In a dual-cycle regime (e.g., morning and evening peaks), the system is active for 8 hours and idle for 16
hours:

Operating Characteristics:
Throughput: High (2x capacity per day)
Thermal Load: High—the battery mass heats significantly (approaching thermal saturation). The chiller
must run longer and potentially at higher capacity, potentially entering less efficient operating zones if
the second cycle coincides with peak afternoon temperatures
Auxiliary Profile: Fixed losses are amortized over double the energy throughput

Representative Energy Balance: The same 250 kWh system loses approximately 0.275 kW over 16
hours of standby (4.4 kWh). Active losses double to approximately 49.27 kWh. Total daily loss approaches
53.64 kWh, corresponding to efficiency of approximately 89.3%.

Critical Observation: Although absolute losses increased, the loss per kWh of throughput decreased

substantially. The efficiency gain from amortizing fixed losses typically exceeds the incremental penalty
from elevated thermal loads.
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6.3 Comparative Analysis

Metric

Throughput

Net System RTE

One
Cycle/Day

1.0x

~86-90.1%

Table 3:

Comparative Efficiency Impact (Single vs. Multi-Cycle Operation)
Figure 3 presents a grouped-bar visualization comparing key efficiency metrics across both operational regimes, clearly demonstrating the 1.3 percentage-point
improvement in RTE when transitioning from single to multi-cycle operation, despite the increased thermal demand from more frequent cycling.

Two
Cycles/Day

2.0x

~87.5-91.1%

Multi-Cycle Shows Higher Throughout, Lower Pump Loss

Source: StorEDGE Analysis | Single-Cycle baseline comparison

200

[ Single-Cycle

Multi-Cycle

150

100

Percentage (%)

50

Net System RTE

Throughput Fac. Chiller Load

Efficiency Metrics

Pump Loss

Impact
Mechanism

Primary scaling factor

Linear scaling with
throughput

Fixed parasitic load is
diluted

Heat generation
scales; COP may drop

Utilization benefit
dominates

Figure 7:

Efficiency Performance Comparison - Single
vs. Multi-Cycle Operation.

Conclusion: Empirical data suggests that transitioning from single-cycle to multi-cycle operation
improves net system RTE. The efficiency gains from amortizing fixed auxiliary losses typically outweigh
incremental decreases in chiller COP from heat buildup, particularly for liquid-cooled architectures where
standby pump consumption is substantial.
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StorEDGE 0.25 Platform
Performance

| 7.1 Reported Efficiency Metrics

Application of this comprehensive framework to the commercially deployed StorEDGE 0.25 platform yields
the following performance characteristics:

Single-Cycle Configuration: Average system RTE approximately 88.05%

Dual-Cycle Configuration: Average system RTE approximately 89.3%

Efficiency Differential: Approximately 1.4 percentage points improvement in multi-cycle operation

| 7.1 Reported Efficiency Metrics

The observed efficiency improvement in the multi-cycle configuration is primarily attributable to reduced
auxiliary power consumption during extended standby operation. The dual-cycle variant exhibits an
estimated 25% reduction in standby auxiliary load, which directly translates to higher system-level RTE[1].

This performance advantage is further supported by architectural design choices:

Dedicated PCS Cooling Architecture: StorEDGE 0.25 employs a dedicated forced-air cooling system for
the power conversion subsystem. This design eliminates cooling-related power draw during standby
periods and thereby reduces overall auxiliary energy requirement. When the PCS is inactive (standby
mode), the dedicated fan remains off, avoiding parasitic load.

Thermal Management Optimization: The liquid-cooled battery subsystem uses variable-displacement
pump control, modulating flow rate based on actual thermal demand rather than running at constant
pressure. This reduces pump power consumption during low-load periods while maintaining thermal
stability.

Integrated Control Architecture:

The BMS-level control strategy includes:
Predictive thermal management: anticipating peak afternoon ambient conditions and pre-cooling
battery mass during morning cycles
Dispatch optimization: scheduling cycles to minimize chiller operation during high-ambient windows
Load-weighted efficiency tracking: real-time monitoring of RTE across varying operating conditions

7.3 Comparative Context

StorEDGE 0.25 RTE metrics of 88-89% are highly competitive within the liquid-cooled BESS landscape,
aligning with industry-leading systems. For context:
Air-cooled BESS platforms typically achieve 88-92% RTE, but with lower energy density and greater
thermal gradient challenges
Premium liquid-cooled systems report 86-90% RTE, depending on operating regime and thermal design
The 1.4 percentage-point improvement from single to dual-cycle operation demonstrates the
substantial impact of utilization patterns on system economics
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Implications for
Stakeholders

8.1 For System Integrators and OEMs

This standards-aligned RTE framework enables transparent, comparable performance claims across
heterogeneous platform architectures. Key recommendations:
Report RTE metrics using IEC 62933-2-1 methodology with explicit disclosure of assumed duty cycles,
ambient temperature profiles, and auxiliary load specifications
Provide separate efficiency curves as functions of ambient temperature and C-rate, enabling
site-specific performance projections
Disclose auxiliary power consumption by subsystem category (thermal, control, PCS), facilitating
transparent benchmarking
Support independent validation of reported metrics through third-party testing protocols

8.2 For Asset Owners and Developers

TUnderstanding the multifaceted RTE framework has direct implications for project economics and
operational planning:
Site-Specific Analysis: Evaluate whether projected operating profiles (single vs. multi-cycle, seasonal
ambient variations) align with system design assumptions
Thermal Management: Confirm that cooling system capacity is sized appropriately for local climate
conditions, avoiding both under-cooling (thermal damage) and over-cooling (wasted auxiliary energy)
Dispatch Strategy: Optimize daily cycle timing to minimize high-ambient-temperature operation when
chiller COP is lowest
Long-term Degradation: Monitor that actual operating conditions and measured efficiency remain
consistent with deployment assumptions

8.3 For Financiers and Economists

RTE metrics directly influence project net present value (NPV) and internal rate of return (IRR). Critical
considerations:
Round-Trip Efficiency Impact: A 1% difference in RTE translates to approximately 1% difference in
annual energy output for a given dispatch schedule, with corresponding revenue implications over
10-25 year asset lives
Thermal Design Trade-offs: Robust cooling architectures increase capital cost but reduce operational
parasitic losses, creating a capital-vs.-operating-cost optimization problem
Utilization Rate Sensitivity: Multi-cycle operation improves RTE by 1-2 points, directly rewarding
higher utilization rates. Financial models should reflect this sensitivity
Risk Management: Transparency in RTE reporting reduces post-deployment performance surprises
and associated financial disputes
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Conclusion

This whitepaper demonstrates that round-trip efficiency in modern
liquid-cooled battery energy storage systems cannot be accurately
represented by static nameplate values or component-level
efficiencies. Instead, true system efficiency is an emergent property
of electrochemical losses, power conversion behavior, thermal
management architecture, and time-dependent auxiliary power
consumption—all evaluated within clearly defined system
boundaries.

Key Takeaways

Standards-Aligned Framework: [EC 62933-2-1 and IEEE P2688
provide a rigorous international foundation for consistent,
transparent efficiency reporting that accounts for all auxiliary
losses.

Auxiliary Losses Matter: Fixed baseload losses from thermal
management pumps and controls persist across both active and
standby periods, creating substantial efficiency penalties for
low-utilization operational regimes.

Non-Linear Thermal Behavior: Chiller coefficient of
performance degrades significantly at elevated ambient
temperatures and with thermal saturation, creating
operating-point-dependent efficiency profiles rather than static
values.

Utilization Drives Efficiency: Multi-cycle operation improves
net system RTE by 1-2 percentage points through amortization
of fixed auxiliary losses, providing direct economic incentive for
higher utilization rates.

StorEDGE 0.25 Performance: Reported RTE of 88.05%
(single-cycle) and 89.3% (dual-cycle) reflects effective integration
of liquid cooling architecture, PCS thermal design, and predictive
control logic.

Strategic Implications

The transition to transparent, standards-aligned efficiency metrics
aligns technical performance with financial modeling, enabling
stakeholders to make informed decisions regarding:
Optimal thermal management architectures for specific
applications
Realistic techno-economic performance under actual
deployment conditions

Round-Trip Efficiency of Liquid-Cooled Battery Energy Storage Systems | 15 © GoodEnough Energy 2026




Long-term asset value and risk profile
Competitive positioning within the evolving BESS market

Ultimately, the concept of "true system efficiency" must encompass not only electrochemical and
conversion losses, but also the parasitic energy required to ensure safety, reliability, and long-term
performance. By transparently accounting for these factors, stakeholders can accurately assess the
delivered value of liquid-cooled BESS under real-world operating conditions and optimize system design,
deployment strategy, and dispatch profiles accordingly.
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