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heat with wavelengths above this range is referred to as Long
Wave Radiation (LWR). Light intensity can be measured by
pyranometers and solar meters.24 However, it is important to
realize that solar light meters are insensitive to LWR as they
predominantly register wavelengths within the 300 to 2800 nm
range.25 On the other hand, solar illuminators used in ISE
studies employ high-wattage lamps that emit a certain amount
of LWR due to their high surface temperature. One reason that
LWR has been overlooked so far may be related to the fact that
solar illuminators are widely used in performance studies of
photovoltaic systems. Since LWR does not meet the required
bandgap energy of semiconductors, the quantum yield of a
typical solar cell under LWR is essentially zero, implying that
any potential contribution of LWR can be safely neglected.26

However, this is not the case for ISE systems, where LWR
represents an additional energy source that needs to be
accounted for in the performance evaluation.

Remarkably, quite a few studies report an SVC efficiency
exceeding 100% (for 2D-ISE systems), considering the
standard latent heat of vaporization of water.27−31 The
explanation for these evaporation rates beyond the thermal
limit (corresponding to 1.5 kg/m2/h maximum vapor flux
under 1 sun illumination) is still a matter of debate. In the case

of 3D absorbers, one explanation points to the difference
between the ’real’ evaporative area and the projected surface
area;32,33 while the former is inherently larger than the latter,
the latter is used for the evaporation rate calculations.34 Other
studies present a reduced latent heat of vaporization (HLV) due
to the specific material and/or structure (enhanced surface
area) of the absorber.35,36 One way to determine HLV is to
measure dark evaporation rates, with and without absorber,
and equate the products of latent heat and mass of evaporated
water in each case.37 However, this approach has been
questioned recently.38,39 A third explanation advocates a
photomolecular mechanism and an evaporation mechanism
in terms of water clusters instead of individual water molecules,
also leading to a lower HLV.40

We approached the efficiency of ISE systems from a different
angle, arguing that the energy balance of solar evaporators
needs to be re-evaluated. Herein, we prove that the incoming
LWR that has so far been included for the radiative heat loss
calculations participates in the evaporation stage. Thus, we
modified the energy balance to include the LWR (atmospheric
heat) in the input energy section. As our work shows, the
underestimation of the total incident light intensity leads to
higher calculated efficiencies, in some cases, even beyond the

Figure 1. (A) Schematic representation of the solar evaporator, PMMA shield, and solar illuminator. While transparent for SWR, PMMA
absorbs the majority of the LWR. As a result, LWR from the lamps and absorbed by the PMMA is re-emitted as LWR in the direction of the
absorber. (B) The designed illuminator including side reflectors and the PMMA shield directly underneath (lamp−shield distance is 30 cm).
(C) Visible are the four metal halide lamps as well as the external heater in the center, used to regulate LWR independently of the lamps. (D)
Contour chart representing the SWR intensity (in W/m2) measured at the position of the absorber and with the side reflectors in place. Note
the homogeneous intensity at the absorber surface, indicated by the open black circle.
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thermal limit. Also, we performed simulations to quantify the
contribution of LWR originating from different configurations
of solar desalination systems. Finally, the generality of this
study has been verified by outdoor experiments, using the view
factor, a concept well-known in mechanical engineering but
largely unknown to the ISE community.

The paper continues by characterizing the ISE system to
examine the effect of using solely an insulator, with and
without a surface heat localizer. Then, multiple lab-scale
experiments and simulations have been conducted to
investigate the contribution of LWR to the evaporation
process. Finally, the generalization of the concept has been
performed through outdoor experiments and in dark
conditions.

The main aim of this study was to systematically investigate
the role of LWR in the ISE systems. We therefore constructed
a homemade solar illuminator (Figure 1). The key difference
between the homemade solar illuminator used in this study
(see also Figure S1A) and those reported in the literature is
that our design can simulate the downwelling LWR from the
atmosphere as well. Figure 1A schematically outlines the
experimental setup, including a polymethyl methacrylate
(PMMA) shield in between the illuminator and the evaporator
to absorb the incoming LWR. PMMA is highly transparent to
visible light but effectively absorbs LWR with an absorptivity of
0.95 for wavelengths >4000 nm.41 The LWR radiated by the

halide lamps is effectively absorbed by the shield and re-
emitted as LWR (of a slightly longer wavelength) in the
direction of the evaporator. Figure 1b indicates the position of
the PMMA shield (85 × 85 cm), installed 30 cm underneath
the four metal halide lamps used. The power output of the
halide lamps is adjustable to 1 kW maximum, depending on
the wattage applied. Also shown in Figure 1B are the side
reflectors used for achieving a more uniform light distribution
(discussed in more detail in section S1), and an external heater,
containing three LWR-emitting lamps, placed on top of the
PMMA shield (Figure 1C). Therefore, the SWR and LWR
from the metal halide lamps can be supplemented with a
certain dose of LWR from the external heater. This way, the
shield temperature, and thus, the LWR intensity striking the
evaporator surface, can be controlled independently of the light
intensity of the lamps. The reported distances of 20 and 50 cm
correspond to the gap between the evaporator surface and the
transparent shield, which is positioned between the lamp and
the evaporator. The distance between the lamp and the shield
was kept constant at 30 cm. A solar meter (TES 1333) was
used to measure the SWR intensity at the evaporator surface.
Figure 1D shows the measured SWR intensity over a 1 × 1 m
targeted area, with the open black circle indicating the position
of the evaporator. The LWR intensity at the evaporator surface
was measured by a pyrgeometer (IR20-T1, Hukseflux, The
Netherlands) with an operational measuring wavelength range

Figure 2. (A) SEM image of the carbon cloth fiber (scale bar corresponds to 100 �m), clearly showing its open structure that enables efficient
water transport. (B) The four solar evaporator configurations examined in this study. (C) Time course of the measured surface temperature
while exposing the four configurations to 1-sun illumination. (D) The absolute mass loss due to evaporation and the derived evaporation
rate corresponding to the data in C. Clearly, configuration �4, with the insulator in between the absorber/evaporator and the bulk water,
performs best in terms of evaporation rate.
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of 4.5 to 42 �m. A Fluke multimeter was utilized to read the
output voltage of the pyrgeometer, which is translated into W/
m2 by the conversion factor provided by the manufacturer (1
mV approximately corresponds to 100 W/m2). Given the
conversion factor, a voltmeter with a two-digit accuracy was
used. Further details of the experimental procedures are
provided in the Supporting Information.

To prevent water mass transport limitation, the wick and the
absorber should have a sufficiently high porosity. Figure 2A is a
scanning electron microscopy (SEM) image of the carbon
cloth used in this study, clearly showing its fiber-based open
structure. The hydrophilic nature of the carbon cloth was
determined by measuring the water contact angle (see Section
S3). As for the wick part, a porous nonwoven fabric was used
to facilitate the transport of water from the bulk to the
evaporator surface. In contrast, the polystyrene foam used as
insulation was hydrophobic to limit the heat transport from the
surface water to the bulk. To investigate the separate
contribution of insulator and absorber (aka heat localizer) to
the overall evaporation rate, the thermal and vaporization
performance of the following four configurations was
determined: (1) bulk water in a bare vessel with just an
insulator at the bottom, (2) bulk water with the insulator
located at the surface, (3) bulk water with just the heat
localizer at the surface, and (4) the complete ISE system
containing both the insulator and heat localizer (Figure 2B).
Note that the insulator in configuration #1 was placed at the
bottom of the beaker to prevent any possible thermal effect
caused by the light heating up the digital balance. Figure 2C
shows the corresponding surface temperature time courses of
all four configurations, all under the condition of 1-sun
illumination over a period of 6 h. Clearly, heat localization by
means of the absorber enhances the surface temperature
substantially, in the presence or absence of the insulator. A
second observation is the much slower temperature rise of the
surface in the case of the bare vessel compared to the other
three configurations. This clear difference is likely due to the
limited absorption of visible light by blank water and
significant heat loss to the bulk fluid, as discussed in more
detail in Section S4.1. Even though the time course to reach
steady state with configuration #2 is similar to the one
observed with configurations #3 and #4, its surface temper-
ature is approximately 6 °C lower, due to the higher albedo
and lower thermal absorptivity of the white polystyrene. In
addition, in the bulk heating experiment, steady state is
reached only after 3 h, whereas with configuration 3, it takes
nearly 1 h to reach steady state. The recorded absolute water
mass loss over time and the calculated evaporation rates are
shown in Figure 2D. Under steady-state situations, employing
heat localization increases the evaporation rate by approx-
imately 50%, from 1.2 kg/m2/h to 2 kg/m2/h. From this point
onward, all evaporation experiments were conducted using
configuration #4.

The first confirmation that LWR contributes to the energy
balance of the ISE system came from measurements with a
different distance between the illuminator and the evaporating
surface without the shield, with the SWR intensity at the
evaporator surface still at 1 kW/m2 (Figure 3A). Reducing this
distance from 80 to 40 cm resulted in a slightly higher absorber
surface temperature and an enhanced evaporation rate. A
position closer to the lamps results in a higher level of LWR,
causing an enhanced surface temperature and evaporation rate.
Section S4.2 provides a detailed thermodynamic analysis of the

system, in particular, the effects of bulk temperature and the
water-holding capacity of air above the evaporator surface. To
explore the role of LWR in more detail, we inserted the shield
between the evaporator and lamps and varied its temperature

Figure 3. (A) Effect of distance, 40 or 80 cm, between lamps and
absorber on surface temperature and evaporation rate, both under
1-sun illumination at the absorber surface. (B) Recorded surface
temperature while stepwise increasing the temperature of the
PMMA shield, using the external heater. Note that the concurrent
stepwise temperature increase of the absorber surface is more
pronounced in the case of a shorter distance between lamps and
the PMMA shield. (C) Measured steady-state surface temperature
and evaporation rate at shield temperatures of 70, 74, 78, and 82
�C and with either 20 or 50 cm distances between shield and
evaporator.
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using the external heater (LWR source) on top of the PMMA
shield. Figure 3B shows that under 1-sun SWR, a stepwise
increase of the shield temperature from 70 to 82 °C causes a
stepwise increase of the temperature at the evaporating surface.
These measurements were performed with a distance between
the shield and evaporator of 20 and 50 cm. As expected, the
temperature changes at the evaporator surface are more
pronounced at the shorter distance of 20 cm (higher LWR
exposure). As evident from Figure 3C, the evaporation rate
increased with an increasing shield temperature from 1.75 to
2.40 kg/m2/h (20 cm) and from 1.55 to 1.85 kg/m2/h (50
cm). The effect of distance on the evaporation rate points to a
difference in view factor from the shield to the evaporator.
Figure 3C supports our hypothesis that LWR has a significant
effect on the energy input of the ISE systems.

To quantify the LWR under various environmental
conditions, simulations were conducted. The contribution of
LWR not only depends on the temperature and emissivity of
the surfaces involved but also on the view factor between them.
Meanwhile, the view factor between two surfaces depends on
their absolute areas, the distance between them, and the angle
between their normals. However, since the view factor is, in
essence, a geometric concept, it also depends on the ratio of
both surface areas as well as on the surface areas in relation to
the distance between them. The interplay between all these
parameters makes the view factor a rather hard concept to

grasp, where intuition easily fails, let alone predicting the heat
exchange between the surfaces involved. For that reason, to
gain more insight into the contribution of LWR concerning the
view factor and the temperature of the two surfaces,
simulations were performed. The view factor was calculated
based on two parallel rectangular surfaces (shield and
evaporator, both of different but uniform temperatures),
surrounded by curtains of uniform temperature. To illustrate
the effect of the (combination) of view factor-relevant
parameters, Figure 4 plots the ratio of the plate (shield) rib
size and evaporator rib size (Lp/Le) as a function of the ratio of
evaporator rib size and distance (Le/h) in between. The
intricate relationship between size and distance on the view
factor can be appreciated when considering the LWR exchange
between a shield and evaporator, of which the rib sizes differ by
a factor of 10 (Lp/Le = 10 on the ordinate). As can be observed
e.g., in Figure 4b, when the ratio rib size evaporator/distance
(Le/h on the abscissa) increases from 0.1 to 1 without
changing the distance in between, the downwelling LWR
intensity increases from around 600 to around 850 W/m2,
even though the shield/evaporator surface ratio remains the
same (i.e., 10).

Figure 4 shows the downwelling LWR for four different
combinations of shield and surrounding temperature (Tplate/
Tenv both in °C): 40/25 (A), 80/25 (B), 40/15 (C), and 80/
15 (D). At the combination Le/H = 0.1 and Lp/Le = 10

Figure 4. Simulations of downwelling LWR as received by the evaporator surface at various combinations of shield and environment
temperature (Tplate/Tenv both in �C): 40/15 (A), 40/25 (B), 80/15 (C), and 80/25 (D). Plots show the ratio of shield rib size and evaporator
rib size (Lp/Le) as a function of the ratio of evaporator rib size and distance (Le/H) in between. The color code, i.e., the LWR intensity,
corresponds to the color bar on the right.
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(closely resembling the dimensions of the setup used here), the
respective LWR intensities are around 490, 600, 450, and 550
W/m2. Clearly, differences are defined by differences in shield
temperature rather than by differences in surrounding
temperature. The minor effect of the surrounding temperature
relates to the relatively small view factor between the
surroundings and the evaporator. Stefan−Boltzmann expresses
temperature in Kelvin, and the very limited range of
surrounding temperature is tested. Even if a setup is designed
that minimizes the LWR input from the shield, i.e., with a plate
rib size/evaporator rib size of unity (Lp/Le = 1) and a low
evaporator rib size/distance ratio (Lp/Le), there will still
remain an appreciable LWR input from the lab environment.
As for the small view factor under (our) lab conditions, the
difference with outdoor ISE systems could not be larger, as will
be discussed next.

The present study identifies LWR as an additional energy
source that ISE can exploit. For that reason, the impact of our
study reaches beyond the walls of the academic lab. The
implications for outdoor systems strongly relate to the
greenhouse effect. SWR, emitted by the sun and reaching
Earth’s surface, is partly reflected and partly absorbed. As for
the absorbed part, this is re-emitted as LWR into the
atmosphere. Given the low transparency of the atmosphere
to LWR, it is absorbed and, again, re-emitted as LWR,
approximately half of it into outer space, the other half in the
opposite direction. By implication, an ISE system operating
outdoors will receive LWR, downwelling from all directions,
with an intensity depending on air temperature and moisture
(clouds), among other atmospheric parameters. As for the view
factor, an outdoor ISE system exposed to the immense
overarching sky results in a ’sky surface area’/’evaporator
surface area’ ratio (Lp/Le in Figure 4) of virtually infinite.
Consequently, the view factor increases strongly, and with it,
the intensity of downwelling LWR. Since both temperature
and moisture affect LWR emitted by the sky, daily and even
seasonal variations are within limits. As already pointed out in
the previous paragraph, the LWR emitted and predicted by
Stefan−Boltzmann is relatively insensitive to temperature. In
addition, even though clouds will cool the local atmosphere by
hindering the SWR passage, the increase of LWR absorbance,
due to the enhanced moisture level, may (partly) compensate
or even overcompensate for this cooling effect. These two
opposing effects of the presence of clouds on LWR are
reflected, for instance, in the relatively narrow range of
monthly average LWR over one year in The Netherlands in
2024, between 291 W/m2 and 367 W/m2 (maq-observa-

tions.nl). Figure 5 shows the global downwelling LWR
intensity in 2024, based on data provided by ERA5.42 Note
that the LWR intensity between the 30°N and 30°S latitudes is
around 450 W/m2 and remains fairly constant during the year,
in contrast to SWR (see Section S6).

In the context of ISEs, two different efficiencies are
commonly reported. The first, energy efficiency, considers
both the sensible heat to raise the water temperature and the
latent heat required for the phase change during evaporation.
The second, SVC is based only on the latent heat of
vaporization. This distinction arises because, under steady-
state conditions, the sensible heat is negligible in comparison
to the latent heat and can therefore be excluded from the
efficiency calculations.

The useful energy (Qu) used for heating and evaporating
water is the sum of the latent heat and sensible heat, and is
given by:

(1)

where mv, HLV, Cp, and ΔTv are the mass of evaporated water
(kg), the latent heat of vaporization (J/kg), the specific heat of
water (J/kg/K), and the temperature change of water vapor
temperature, respectively. The first term refers to the latent
heat, and the second term denotes the sensible heat of water.

When considering both SWR (solar radiation intensity) and
LWR (atmospheric heat), the incoming energy (Qin) equals
the sum of the SWR and LWR energy fluxes (ISWR + ILWR)
multiplied by the evaporator surface area (Ae) and total time
over which the evaporation has been measured (t). By
neglecting the sensible heat, the SVC efficiency can be defined
as:

(2)

Throughout this study, the evaporation rate � ̇ v = mv/(Aet) is
expressed in kg/m2/h. It must be mentioned that the
employed efficiency correlation in this study is different from
the one in the literature43 since it considers both sunlight and
atmospheric heat as input sources to drive evaporation.
Furthermore, the calculation of the heat loss, including the
contributions from conduction, convection, and radiation, is
outlined in more detail in Section S2. Notably, the radiative
heat loss has been revised by excluding the incoming LWR
from the ambient, considering only the net emission from the
absorber surface. Additionally, the determination of the heat

Figure 5. Global downwelling LWR intensity reaching Earth’s surface, recorded over different periods in 2024: January−March (winter in
the northern hemisphere, summer in the southern hemisphere) and vice versa for June−August. On the right, the yearly averaged values.
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absorptivity of the carbon cloth is outlined in detail in Section
S2.2.

If neglecting LWR contribution and assuming an efficiency
of 100%, eq 2 can be used to calculate the maximal
theoretically possible evaporation rate, also known as the
thermal limit. Given a ’typical’ evaporation surface temperature
of 40−50 °C and ignoring any contribution of LWR, results in
a thermal limit of approximately 1.5 kg/m2/h, a value often
referred to in the literature.44 However, considering LWR, the
thermal limit for the evaporation rate can be revisited.
Furthermore, based on published literature, there is still no
consensus on whether so-called dark evaporation rates should
be subtracted from measured evaporation rates in the light
because of the essentially different experimental conditions.45

We decided against this approach, considering that the
absorber surface consistently remains at a higher temperature
than the ambient environment temperature. Moreover, the
measured dark evaporation rate of 0.12 kg/m2/h is quite
modest compared to the evaporation rate in the light, typically
a factor of 10 larger in magnitude. Details of the dark
evaporation measurements are presented in Section S2.5.

An interesting insight from our study is that it contributes to
the ongoing debate regarding solar-to-vapor conversion (SVC)
efficiencies exceeding 100%. Figure 6A plots the total output
energy flux (mainly latent heat of vaporization and LWR
emitted from the evaporator surface to the surroundings)
versus the total input radiation flux. The latter represents the
total incident light intensity, ranging from approximately 1.0
kW/m2 SWR to 1.0 kW/m2 SWR + 1.2 kW/m2 LWR. The two
data sets are based on the same set of experiments, with
squared and circular symbols representing a shield-to-
evaporator distance of 20 and 50 cm, respectively. The key
difference is that the top-left data set considers only SWR as
input power, whereas the other data set considers both SWR
and LWR. A perfectly closed energy balance would show all
data points exactly located on the line of equality with a slope
of unity (indicated). As evident, incorporating the LWR in the
input power density clearly moves the data points in this
direction. Including or excluding LWR in the total energy
input significantly impacts the calculated efficiency values, as
illustrated in Figure 6B. When LWR is ignored, most data
points exceed the thermal limit of unity. However, after
accounting for LWR by considering the total incident light as
the sum of SWR and LWR, all calculated efficiency values fall
below the unity threshold. Importantly, our calculations rely on
the standard value of HLV. With increasing LWR, there will be
more vapor production, not only because there is more energy
coming in but also due to the higher efficiency. This underlines
the importance of considering the atmospheric downwelling
radiation. Supplementing 1 kW/m2 SWR with LWR raises the
evaporator surface temperature, which dominates the behavior
of our ISE system. This becomes evident from Figure 6C,
which delineates the contribution of latent heat evaporative
cooling and the radiative heat loss to the total output power
density. Both quantities show a strict relationship with
evaporator temperature, at least in the limited temperature
range studied. The difference in the dependency of both
quantities on evaporator temperature is remarkable, reflected
in the clear difference in slope. When supplementing SWR
with LWR, the latter is mainly used for evaporation, not for the
re-emission of LWR by the evaporator (see Figure S9). It is
exactly this behavior that explains the increasing SVC efficiency
with rising total power input, as shown in Figure 6B. The

Figure 6. (A) Comparison between calculated input power and
calculated output power. The data points enclosed by the two
dotted ovals are based on the same set of experiments. The
difference is the calculation of the total input power, i.e., with
(labeled SWR+LWR) or without LWR (labeled SWR). Note that
the input power for the SWR-only data set actually exceeds 1 kW/
m2 due to a residual fraction of SWR produced by the external
heater. The line of equality is indicated. The used color code refers
to the color bar on the right of panel B. Square and round symbols
represent evaporator-to-shield distances of 20 and 50 cm,
respectively. (B) Calculated efficiency based on the data in panel
A. The dotted line represents 100% efficiency. (C) Vaporization
and the radiative heat loss concerning the evaporator surface
temperature, at 20 and 50 cm distances between the shield and the
evaporator.
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comparatively low sensitivity of LWR emission to temperature,
on the other hand, is inherent to the Stefan−Boltzmann
equation because it employs the Kelvin rather than the Celsius
scale.46 Figure 6C identifies the absorber surface temperature
as a key parameter defining the evaporation rate for pure water
(see also47). Summarized, to come to realistic SVC values
<100% does not require the hypothesis of latent heat
reduction; including LWR in the energy balance suffices.

To verify the general applicability of the present concept,
both outdoor experiments under real sunlight and dark
experiments were carried out. It was noticed that by changing
the view factor between the solar absorber and the cover of a
solar still, the evaporation rate is affected. The details of the
outdoor experiment can be found in Section S7. Moreover, the
dark evaporation experiments were implemented using the ISE
system at ambient temperatures of 22 and 32 °C, while
maintaining constant air humidity within a climate chamber.
The measured LWR values were 418 and 545 W/m2,
corresponding to the evaporation rates of 0.112 and 0.141
kg/m2/h, respectively. These results indicate that under
identical environmental conditions, a 30% increase in LWR
led to a 26% enhancement in the evaporation rate. Given that
the surface structure was identical under both conditions, this
finding confirms that over 85% of the additional LWR was
directly harnessed to drive evaporation. Furthermore, in
practical outdoor solar desalination systems, the cover
(condenser) component heats to temperatures approaching
that of the solar absorber.48 In the existing literature, the
radiation emitted from the surface of the glass cover has been
accounted for solely in the energy balance of the cover itself.49

In contrast, we emphasize that this radiative flux should also be
considered as an input energy source to the underlying
evaporative surface. While the proposed concept may not fully
explain superthermal evaporation, accounting for LWR enables
a more accurate thermal analysis in ISE systems.

This research highlights the contribution of LWR to the
evaporation process in ISE systems as one reason among other
factors for evaporation rates above the thermal limit. Although
the enhanced surface area and reduced emissivity of porous
absorbers can lead to higher evaporation rates,50,51 the LWR
also contributes to the vapor production. We clarify that the
incoming LWR, which has so far been used for radiative heat
loss estimation, needs to be revisited as part of the power
input. The results of this study are not tied to specific device
configurations or particular materials. Through outdoor
experiments, changing the distance between the evaporator
and the cover of the solar still led to different evaporation rates
for identical ISE systems. In other words, in solar desalination
systems, the inner part of the cover often reaches temperatures
similar to the solar absorber. Proportional to the view factor
considerations, it emits significant LWR toward the water
surface beneath. This is because the cover absorbs both
downwelling LWR from the sky and part of the sunlight,
increasing its temperature and enhancing heat transfer to the
basin water, thereby promoting evaporation. In addition, under
dark circumstances, increasing the atmospheric LWR by 30%
raised the evaporation rate of the ISE system by 26%. Also, this
study points to a key difference between solar cells and ISE
systems, whereas the former can exploit SWR only, ISE
benefits from LWR as well.

LWR will always be present and, by implication, always
contribute to the power input during ISE. The share of LWR
to total power input can be as high as 50%, with regions

located at lower latitudes profiting most. Not only is there
more energy available to produce vapor, but also, efficiency will
increase. The conclusions drawn here for ISE can be extended
to all kinds of solar thermal systems, e.g., solar water/air
heaters, solar chimneys, and solar cookers/dryers. Our study
also shows that including LWR in the ISE energy balance
reduces the calculated SVC efficiency, resolving the issue of
reported efficiency levels exceeding 100% when LWR is not
taken into account. Because there is no robust benchmark for
obtaining the apparent (surface-area-dependent) latent heat of
vaporization on the porous absorber surface, this work restores
the evaporation enthalpy of water as a constant, only
depending on the temperature. Future directions can provide
more insights into the potential strategies to enhance the LWR
utilization in practical systems.
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