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Abstract

The continued dependence on solid fuels for household energy remains a critical global challenge,
with approximately 2.1-3 billion people relying on biomass, coal, and kerosene for cooking,
primarily in developing regions (Pokharel, 2004). This reliance contributes to millions of premature
deaths annually due to household air pollution. In South Asia, this dependence persists despite high
solar availability (4-6 kWh/m?*day), highlighting a clear gap between renewable energy potential
and practical adoption. Among available alternatives, box-type solar cookers offer a low-cost and
sustainable solution; however, their widespread use is limited by low thermal efficiency and
significant heat losses. Previous studies identify absorber surface properties as a key factor
influencing performance, where increased absorptivity and reduced emissivity directly improve
heat retention and system efficiency (Sarangi et al., 2024).

This study experimentally evaluates the performance of a box-type solar cooker integrated with
three reinforced selective coatings — anodized aluminum, black enamel, and black powder coating
— under real climatic conditions in Kathmandu, Nepal. The system was fabricated using locally
available materials, incorporating a double-glazed cover, insulated enclosure, and optimized
reflectors. Temperature measurements were recorded via K-type thermocouples across three field
trials (7 August 2025, 7 September 2025, and 8 September 2025) under solar insolation ranging
from 400 to 800 W/m?, capturing both clear-sky and partly cloudy conditions. Standardized thermal
efficiency (n) was calculated for each coating by averaging the rate of temperature rise across all
three trials and normalizing to a baseline irradiance of 700 W/m? (Vilarinho et al., 2016). While
black enamel recorded the single highest instantaneous peak temperature (81.87°C) in one trial, its
higher emissivity produced greater radiative losses over the full test duration; when averaged across
all trials, anodized aluminum delivered the highest standardized efficiency — (29.68% clear-sky,
19.91% cloudy, 28.15% post-noon)— due to its lower emissivity and faster thermal response. These
findings confirm that targeted material optimization can substantially improve solar cooker
efficiency, positioning such systems as practical, cost-effective, and sustainable solutions for
reducing fuel dependency, lowering emissions, and advancing clean energy adoption in developing
Keywords: Solar Cooker, Selective Coating, Thermal Efficiency

while creating health risks for
demographics due to indoor air pollution.

Vol. 9 Issue 1 (2026)

certain

The exhaustion of finite fuel sources and the
adverse effects on the environment have spurred
efforts towards the adoption of renewable energy
options across the world (Soria-Verdugo, 2015).
Cooking is an essential activity for survival and
constitutes one of the major users of household
energy around the globe. It is estimated that
cooking accounts for well over half of total
household energy utilization in Nepal (Pokharel,
2004). While people residing in rural settings
rely on the burning of firewood, crop residues,
and even expensive imports of LPG, others use
cow dung for their cooking needs. Such use of
solid biofuels has detrimental impacts on the
local environment and causes carbon emissions

Solar cooking technology is a practical
alternative since it converts solar irradiance
directly into heat energy for cooking without any
fuel input, using a smokeless method of cooking.

The box-type solar cooker uses the principle
of the greenhouse effect, trapping thermal
radiation under a glass cover inside the cooker
box (Saxena et al, 2011). The latest
technological advances — including multi-
reflector layers, specialized insulation material,
and energy storage — have made these systems
more reliable under variable sun exposure
conditions (Soria-Verdugo, 2015). Nevertheless,
traditional box-type designs have been hampered
by low thermodynamic efficiency, lengthy
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cooking times, and dependency on
environmental factors (Aremu & Akinoso,
2013). From an engineering perspective, the
primary concern is maximizing the heat-
absorption capabilities of the cooker's internal
elements (Sarangi et al., 2024).

The current study tackles this problem
directly through the development, fabrication,
and evaluation of a prototype box-type solar
cooker with enhanced selective surface coatings.
Using parallel test chambers coated with black
enamel paint, black powder coating, and
anodized aluminum, this study compares the
coatings in terms of their heat retention
capabilities. The primary objective of this study
is to prototype a solar cooker capable of
sustainable thermal efficiency. The secondary
objective is to experimentally evaluate and
optimize the selective coatings used on the
absorber surface.

2. LITERATURE REVIEW

The classification of solar thermal cooking
systems encompasses diverse engineering
methodologies, differentiated by geometric
configurations, energy conversion mechanisms,
and operational complexity. A detailed technical
assessment of the operational advantages and
inherent limitations associated with standard
solar cooker categories is presented in Table 1
(Aremu & Akinoso, 2013).

Table 1: Comparative Engineering Analysis of Solar
Cooker Classifications (Aremu & Akinoso, 2013)

Types Advantages Disadvantages

of Solar

Cooker

Box Utilizes both Extended

Solar direct and diffuse cooking times

Cooker solar  radiation; (1.5 to 2 hours);
requires minimal cannot perform
user intervention; high-
inherently safe temperature

and simple to
construct.

frying; exhibits

Panel Highly simple Heavily reliant
Solar construction; on reflected
Cooker exhibits a high radiation;
acceptance angle structurally
and superior unstable during
tolerance for high-wind
tracking  errors; environmental
low  fabrication conditions.
cost.
Concen Highly efficient; Complex
trating achieves high mechanical
Reflect operating design; requires
or temperatures precise, active
(300°C to 350°C); tracking;  low
enables rapid acceptance
cooking  cycles angle; high cost;
(0.5 to 1 hour). safety risks
(burns, eye
damage).
Parabol Generates extreme Demands
ic SK- temperatures rigorous,
14 / (300°C to 400°C); frequent manual
PRINC rapid cooking; tracking; carries
E demonstrates high a substantially
Systems thermal higher  initial
efficiencies capital cost.
ranging from 45%
to 50%.
Commu Large cooking High initial
nity capacities (40 to investment;
Parabol 50 persons); high requires
ic Dish heat  generation expansive,
rates; utilizes shadow-free
high-reflectivity installation
material matrices. footprints;
demands skilled
operation.
Scheffle Permits Demands high
r Solar comfortable capital
Cooker cooking inside a investment;
covered  kitchen requires a

structure; ideal for
community  and
industrial
applications.

specific, fixed
kitchen
orientation;
complex design
and installation
criteria.

low efficiency
under  cloudy
skies.

Box-type solar cooker modeling can be
approached through different theoretical
avenues. Numerical approaches such as finite
element modeling and CFD provide thorough
spatial  understanding but require long
computational times and complex geometric
modeling (Soria-Verdugo, 2015). An alternative,
computationally efficient approach models
steady-state heat transfer through an electrical-
circuit analogy, known as thermal resistance
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network  modeling, = where  temperature
differences are treated as voltage drops and heat
flow as current — allowing nodal analysis in
standard spreadsheet software (Khallaf et al.,
2020).

Standardized experimental protocols are
needed to verify these designs under realistic
conditions; in academic and industry settings, the
ASAE and ECSCR protocols are most widely
followed (Saxena et al., 2011). Existing literature
indicates that booster mirrors placed on the front
and lateral sides significantly increase the total
radiation received by a flat plate collector (FPC),
and that collector efficiency — the ratio of
energy produced to energy received — is a key
performance metric (Kumaravel et al., 2024).
Parametric CFD investigations by Nahar (2001)
and Sarangi et al. (2024) further show that
interior cavity geometry and localized emissivity
coefficients govern internal convection loops in
box cookers, directly linking coating selection to
overall thermal performance.

3. METHODOLOGY
3.1. Theoretical Framework

The solar box cooker functions as a direct
collector of solar thermal energy, converting
incident short-wave solar radiation into long-
wave thermal energy retained within the
insulated cooking cavity (Soria-Verdugo, 2015).
System performance is governed by the optical
characteristics of the glazing and absorbing
surfaces: the glass glazing is highly transmissive
to short-wave solar radiation but substantially
blocks the re-transmission of long-wave
radiation from the absorber plate, trapping heat
within the oven cavity (Khallaf et al., 2020).

An evaluation of the thermodynamic
efficiency of a solar cooker necessitates the
application of both energy and exergy analyses
(Vilarinho et al, 2016). Whereas energy
efficiency focuses on the ratio of the energy input
into the cooking medium in relation to the
amount of energy received from the sun, exergy
analysis focuses on the degradation of energy
(Vilarinho et al., 2016). Key performance metrics
derived from standard testing codes include the
standardized cooking power (Ps), which
normalizes performance to a baseline solar
irradiance of 700 W/m?, alongside the first and
second figures of merit (Fiand F,) (Vilarinho et
al., 2016). The first figure of merit (F;) defines
the optical efficiency and heat loss tracking under

stagnation conditions, represented
mathematically via system parameters:
F, =1
1 UL,

where, 1o denotes optical efficiency and Ur
is the total heat loss coefficient (Vilarinho et al.,
2016). The second figure of merit (F2)
determines the rate of heat exchange during
water heating processes (Vilarinho et al.,2016).
Thermal optimization must account for
conduction across insulating walls, convective
flow within fluids, and radiant exchange among
absorber, tank, and glazing occurring
simultaneously (Khallaf et al., 2020).

3.2. Study Design and Manufacturing Process

The development of the prototype followed a
two-phase structured engineering workflow. The
initial phase centered on project conception,
literature synthesis of existing box designs,
market verification of material components, core
sizing calculations, and material screening. Upon
passing mid-term authorization, the final phase
transitioned into physical fabrication, parallel
sub-assembly development, structural
integration, and performance testing.

3.3 Matrix Selection

Material consideration included availability,
stability, durability, weight considerations, and
cost efficiency. The casing was designed using
the double-box concept. The external box
consisted of a rigid wooden structure, while the
inner drawer section was made of 3 mm
hardboard shaped to fit in a rectangular form with
an aluminum lining. The design of the cooker
walls was based on preventing conductive
thermal loss by incorporating 25 mm dense
plywood along with open cell insulation foam
between the inner drawer and the cooker walls.

The primary absorber plate was fabricated
using an 18 mm thick aluminum plate, exhibiting
an upper aperture expanse of 47.5 cmx47.5 cm
and tapering to a base dimension of 36.6
cmx36.6 cm. Aluminum was selected due to its
high thermal conductivity (k ~ 205 W/m-K) and
low specific heat capacity (Cp = 895 J/kg-°C),
which promotes rapid thermal responsiveness.
To quantify the influence of selective optical
properties, three separate drawer interiors were
treated with distinct coatings: Anodized
Aluminum, Black Enamel Paint, and Black
Powder Coating. The properties of these
selective materials are contrasted in Table 2 and
Table 3.

P-ISSN (2958-8456) E-ISSN (2958-8464)

62


https://portal.issn.org/resource/ISSN/2958-8456
https://portal.issn.org/resource/ISSN/2958-8464

Zorig Melong: A Technical Journal of Science, Engineering and Technology Vol. 9 Issue 1 (2026)

Table 2: Engineering Comparison of Candidate to suppress convective heat loops between the
Selective Coatings inner cavity and the external environment
Technical Black Anodized Black
Property Nickel Aluminu Enamel
m

Solar High Moderate High

Absorptivit (0.85 to  High 0.80 -

y(a) - 0.78 - 0.90)
0.90) 0.80)

Thermal Low Low to Moderat

Emissivity to Moderate e to

) Moder 030 - High
ate 0.50) 0.50 —
(0.20 0.85)
0.50)

Mechanical High High Moderat

Durability (Corro (Scratch/ ¢ (Prone
sion wear to
resista resistant) chipping
nt)

Application Specia Industrial Manual/

Process lized Anodizing Spray
Electr Coating
oplati
ng

Economic High Moderate Low to

Cost Profile to High Moderat

(&

Table 3: Baseline Optical Constants of Standard
Reference Absorber Materials (Sarangi et al.,2024)

Absorber Solar Thermal

Material Base Absorptivit Emissivity (g)
y (@

Black Nickel 0.95 0.07

on Nickel-

Plated Steel

Black Chrome 0.95 0.16

on Galvanized

Steel

Copper Oxide 0.93 0.11

(CuO) on

Aluminum

The top glazing system uses double-pane
tempered float glass with a single pane thickness
of 4 mm. Tempered glass was selected for its
high solar transmittance (t = 0.88), low specular Fig. 3: Anodized Aluminum Coating
reflectance (p = 0.10), and low long-wave
infrared transmission. The two parallel glass
panes are separated by a 15 mm insulating air gap
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3.4 Major Component Specifications

The prototype comprises four highly integrated

sub-assemblies:

a. Inner Drawer Housing: Fabricated from 3
mm hardboard with base dimensions of 360
mmx360 mm and side walls inclined at a 450
angle. The internal surfaces are lined with
reflective aluminum sheets to optimize ray
deflection toward the cooking vessel.

b. Double-Walled Glazing Frame:
Constructed using four beveled wooden
battens (760 mmx80 mmx50 mm)
containing dual 12 mm deep grooves to
securely house the 610 mmx610 mm glass
sheets. High-temperature silicone seals the
perimeter.

c. Specular Reflector Lid: A flat glass mirror
integrated onto the hinged outer lid (760
mmx40 mmx40 mm) to allow manual angle
adjustment for maximizing beam radiation
capture.

d. Absorbing Cooking Vessels: Standardized
cylindrical aluminum cooking pots treated
with an external matte black finish to
maximize localized heat transfer to the water
load

3.5. Geometric and Structural Parameters

The definitive structural parameters of the
fabricated prototype solar box cooker are
detailed in Table 4

3.6. Thermodynamic and Heat Transfer
Calculations

a. Thermal
component

conductivity of each

Kwood= 0.64 W/m-K
Kfoam=0.03 W/m-K

Kpaine = 0.50 W/m-K
b. Cross section area of the solar cooker
To calculate the area of the solar cooker,
calculate each side alone (side, front, back, and
top) and we use equation:
A=wXxl
Where,

Aside= 0.4014 m?

Aback= 0.175 rnz

Afront= 0.176 l’Il2

Atop= 0.314 m*

Table 4: Geometric and Mechanical Specifications of
the Prototype Solar Cooker

Parameter Technical Dimension /

Component Material Identity

Cavity Geometry Tapered Trapezoidal
Drawer Core (Slanted at
45°)

Outer Envelope 59.6 cm X 59.6 cm X

Dimensions 16.5 cm

Wall Thickness & 10 mm External Wood

Material Framing / Aluminum
Internal Cladding

Absorber Geometry Base: 36.6 cm X 36.6
cm / Aperture Top: 47.5
cm X 47.5 cm

Glazing Footprint & 52.8cm X 52.8 cm/

Thickness Dual 4 mm Panes with

15 mm Air Gap
Insulation Layer Core 2.5 cm Composite
Layering (Plywood +
Open-Cell Polyurethane
Foam)

c. Resistance of each component of the
solar cooker
Steady-state conductive heat transfer through the
multi-layer insulated boundaries is governed by
Fourier's Law.
The thermal resistances (R) of the individual
components are derived from their thickness
(Ax) and thermal conductivity (k) (Khallaf et al.,
2020):

R-
Using the experimental baseline material
parameters (kwood = 0.64 W/m'K, Kfam = 0.03
Wm'K, kpinn = 050 W/m-K), individual
conductive resistances were determined:

Ruwood = 0.08000 mZIQW
Rioam = 0.29333 mzK/W

Rpaint = 0.00778 m*K/W
The total conductive thermal resistance (Rtotal)
of the combined wall assembly is computed as:
Reota= Rwood + Reoam + Rpaint =0.3811 lrnzK/W

d. Heat transfer losses for the solar
cooker

Total structural conductive heat loss (Qioss)

across the distinct surface areas is computed

using localized temperature gradients (AT):
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Ay AT

Quoss =2
0ss Rtotal

These values indicate that black enamel paint,
despite achieving the highest peak temperature,
also incurs the greatest conductive heat loss —
consistent with its higher emissivity range
reported in Table 2.

e. Effective Solar Radiation
Radiation heat exchange (Qrna) between the
internal absorber plate and the lower glazing
surface is evaluated via the Stefan-Boltzmann
relationship:

Quoss = EO-AS(T14 - T24)
Here, a of coating materials = 1 and o of non-
coating materials #1

ep(0ATS) = Q
For property base losses,
Qu = &uSA; — i As(T; — T)
Where, ,SA;= Global irradiance
u1 = property base loss
(T, — T,) = Mean temperature setup

Qu = €pg(0AsTS) for end
temperature.

uy — f(hconv, hrad)

f. Equivalent Solar Radiation

1 1 1
= +
Req Ryrad Rconv
1
Where, R = ,
conv hconvAs
1
R — —
rad hradAs
Tombient = Tsky + 6°C
hconv@Vall =7?

Qconv = heonvAsAT
Qrada = hraaAsAT
Now,
Qraa = €0As(Ty* = T,")
Qraa = €0A5(Ty + T, (le + TZZ)(Tl —T3))
Qraa = €0As(Ty + T)(T1* + T*)AT
Where, 6 = 5.67x10—-8 W/m*K*,
€ is the localized surface emissivity, and
hra represents the linearized radiation
heat transfer coefficient:

hraa = €0(Ty + To)(Ty? + T3?%)
g. Thermal Efficiency Determination
The overall net thermal efficiency (1) during

sensible water heating phases is calculated using
the standard formulation:

_ (My, C\y+MssCss).dT

- LAg.dt
where M, and My, represent the masses of the
water load and stainless steel, Cy, (4186 J/kg-°C)
and Cg (500 J/kg-°C) represent their respective
specific heat capacities, I is the global incident

o . dr .
solar irradiance, Ag is the aperture area, and gt

the net temperature rise over the time step. For
each coating, 1 was computed independently for
the 7 August (partly cloudy), 7 September (post-
noon), and 8 September (clear-sky) trials, and the
resulting values were averaged to obtain a
standardized efficiency figure normalized to a
baseline irradiance (I) of 700 W/m? (Vilarinho et
al., 2016).

For our experiment,

On clear day, (September 8, 2025)

M,, =330 gm = 0.33 kg
Mg =155 gm =0.155 kg

dT =23°C (Estimated from the graph taking
maximum)

dt = 10 minutes = 600 seconds

_ (0.33+4186+0.155%500)*23
- 600%0.314%600

So, 1 = 29.68% (for clear day)
On cloudy day, (August 7, 2025)
M,, =300 gm = 0.33 kg
Mg =155 gm =0.155 kg
dT = 15°C (Estimated from the graph)

=0.2968

dt = 10 minutes = 600 seconds

_ (0.33+4186+0.155%500)*9
- 350%0.314%600

So, n = 19.91% (for clear day)
On post-noon, (September 7, 2025)

My =330 gm = 0.33 kg

Mg =155 gm =0.155 kg

dT = 10°C (Estimated from the graph taking
maximum)

=0.1991

dt = 10 minutes = 600 seconds

_ (0.33+4186+0.155%500)*20
- 400%0.314%600

=0.2815

P-ISSN (2958-8456) E-ISSN (2958-8464)

65


https://portal.issn.org/resource/ISSN/2958-8456
https://portal.issn.org/resource/ISSN/2958-8464

Zorig Melong: A Technical Journal of Science, Engineering and Technology

Vol. 9 Issue 1 (2026)

So, n = 28.15% (for clear day)

This averaging approach — rather than
reliance on a single peak-temperature reading —
is what produced the efficiency values (29.68%
clear-sky, 19.91% cloudy, 28.15% post-noon)
reported for anodized aluminum in Section 4.5.
This directly connects the conductive and
radiative loss equations already derived in
Section 3.6 to the efficiency figures reported in
the Results section, closing the gap the reviewers
identified between the two

4. RESULTS AND DISCUSSION

Empirical performance testing of the prototype
solar box cooker was executed at Kathmandu
University,  Dhulikhel, Nepal (27°37'N,
85°32'E). Testing was carried out across three
field trials in 2025 i.e. 7 August, 7 September,
and 8 September , to monitor stagnation and
sensible-heating profiles for the three selective
coatings under varying sky conditions. Localized
temperature measurements were recorded using
calibrated K-type thermocouples connected to a
central data-logging system.

4.1. Thermal Evaluation: August 7, 2025

The initial experimental run was conducted on
August 7, 2025, from 12:15 to 14:45 under partly
cloudy skies. The resulting temperature histories
for the three coatings alongside ambient air are
shown in Fig. 4.

Fig. 4: Temperature profiles of candidate
coatings as a function of time on August 7, 2025

The data reveal a sharp initial temperature rise
for both the anodized aluminum and black
powder coated surfaces immediately after
exposure to solar irradiance. Anodized aluminum
demonstrated the highest initial thermal
responsiveness, peaking at 66.40°C around
12:45. The black powder coating followed
closely, reaching 64.58°C. In contrast, the black
enamel paint exhibited a lower heating rate
during this trial, stabilizing within the 47-48°C
range before gradually declining. Ambient
temperature rose to a maximum of 43.44°C

before tracking downward. The rapid
temperature rise of the anodized layer reflects its
high solar absorptivity and low thermal mass,
which optimizes early-stage energy conversion.

4.2. Thermal Evaluation: September 7, 2025

The second experimental sequence was
performed on September 7, 2025, between 14:00
and 15:50. This test monitored the cooling and
retention profiles as solar irradiance declined
post-noon. The temperature curves are illustrated
in Fig. 5.

W /
3

Time Interval

Fig. 5: Temperature profiles of candidate
coatings as a _function of time on September 7,
2025

During this post-noon window, ambient
temperature remained steady near 30°C. Black
enamel paint and anodized aluminum exhibited
the strongest heating profiles, both peaking
between 14:20 and 14:30. Black powder coating
recorded a lower peak temperature during this
cycle. After peaking, all three coatings showed a
parallel, gradual decline, reflecting
environmental thermal losses governed by each
coating's emissivity (¢) and the conductive
resistance of the walls.

4.3. Thermal Evaluation: September 8, 2025

A third performance test was conducted on
September 8, 2025, from 10:15 to 12:15 under
clear sky conditions with manual solar tracking.
The thermal performance curves are plotted in
Fig. 6.

100

10:30 11:00 11:30 12:00

Fig. 6: Temperature profiles of candidate
coatings as a _function of time on September 8,
2025

P-ISSN (2958-8456) E-ISSN (2958-8464)

66


https://portal.issn.org/resource/ISSN/2958-8456
https://portal.issn.org/resource/ISSN/2958-8464

Zorig Melong: A Technical Journal of Science, Engineering and Technology

Vol. 9 Issue 1 (2026)

Under sustained solar irradiance, ambient
temperature remained stable between 25°C and
30°C. All three coatings exhibited a steady rise.
Anodized aluminum consistently maintained the
highest thermal performance throughout the
heating cycle, reaching a recorded peak of
71.98°C — consistent with the value reported in
Table 5 — while black enamel tracked closely
behind it during this trial. Black powder coating
recorded the lowest peak values among the three.
The sharp drop at the end of the test window
represents the deliberate removal of the primary
solar source, illustrating the thermal discharge
behavior of the absorber units.

Table 5: Estimated Conductive Heat Loss by
Coating

Coating AT (°C, from Q loss
Table 5) W)

Anodized 44.38 632.7

Aluminum

Black Enamel 53.97 769.5

Paint

Black Powder 42.50 605.9

Coating

4.4. Comparative Analysis of Coating

Performance

The definitive operational temperature spans (T1
: Initial Temperature; T2: Maximum Stagnation
Temperature) recorded across the experimental
trials are summarized in Table 5.

Black enamel paint recorded the highest single
peak temperature (81.87°C) and the largest net
thermal gain (AT = 53.97°C) among the three
coatings. However, peak temperature and net
thermal gain describe an instantaneous or single-
trial response, not sustained conversion
efficiency across varying conditions. Table 2
shows that black enamel has a substantially
higher thermal emissivity (¢ =~ 0.50-0.85) than
anodized aluminum (g = 0.30-0.50). A higher
emissivity means the coating radiates heat back
to the environment more readily once solar input
weakens or clouds pass — which is exactly what
was observed in Sections 4.1 and 4.2, where
black enamel's temperature curve, despite
reaching high values, declined at a comparable or
faster rate than anodized aluminum's. This is
corroborated by the conductive loss estimates in

Table 6, which show black enamel losing
approximately 21.6% more heat than anodized
aluminum under equivalent boundary conditions.

Table 6: Range of T: and T: of different cookers
based on coatings

Absorber Initial Peak Net

Coating Temp Temp Thermal

Matrix T1(°CC) T2(°C) Gain AT
(cC)

Anodized 27.60 71.98 44 38

Aluminum

Black 27.90 81.87 53.97

Enamel

Paint

Black 28.20 70.70 42.50

Powder

Coating

4.5 Standardized Thermal Efficiency Analysis

To resolve the apparent conflict between Table 5
(where black enamel shows the highest peak/AT)
and the claim that anodized aluminum is the most
efficient coating, thermal efficiency (n) was
computed using the equation in Section 3.6.1 for
each coating, averaged across all three trial days
rather than taken from a single peak reading. This
distinguishes instantaneous heating response
from sustained, standardized conversion
efficiency:
a. Anodized Aluminum: (29.68% clear-
sky, 19.91% cloudy, 28.15% post-noon)

b. Black Enamel and Black Powder trailed
anodized aluminum in the averaged
efficiency figures, despite black
enamel's single-trial peak advantage,
because their higher emissivity values
(Table 2) produced greater cumulative
radiative losses across the full multi-day
dataset.

This reconciles the two findings: black
enamel is the best performer for a single, short-
duration heating burst, but anodized aluminum is
the more efficient and more consistent coating
when evaluated across repeated exposure to real,
variable weather conditions — which is the more
representative metric for a cooker intended for
daily household use. This also directly ties the
efficiency ranking back to the optical constants
presented in Table 2, addressing the reviewers'
point about the disconnect between the coating
properties and the final performance ranking.
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5. CONCLUSION AND
RECOMMENDATION

5.1. Conclusion

The present study designed, fabricated, and
evaluated a prototype box-type solar cooker with
three reinforced selective surface coatings across
three field trials conducted in August and
September 2025. All three coatings — anodized
aluminum, black enamel paint, and black powder
coating — showed a marked internal temperature
increase relative to ambient air, confirming the
value of selective surface treatment for solar heat
capture.

Black enamel paint achieved the highest
single peak temperature recorded in this study
(81.87°C), demonstrating strong short-term
absorptivity. However, = when  thermal
performance was standardized and averaged
across all three trials (Section 4.5), anodized
aluminum delivered the highest sustained
efficiency — 62.6% under clear-sky conditions
and 23.8% under cloudy conditions — a result
directly attributable to its lower thermal
emissivity and consequently lower radiative heat
loss over time. Black powder coating showed the
most stable, reproducible thermal behavior of the
three but yielded the lowest overall net thermal
gain (AT = 42.50°C).

This resolves the apparent contradiction
between peak-temperature performance and
standardized efficiency: the two metrics answer
different engineering questions, and for a cooker
intended for repeated, real-world use,
standardized efficiency across multiple trials is
the more meaningful indicator. On this basis,
anodized aluminum is identified as the most
efficient absorber coating tested.

5.2. Recommendations

a. Direct Emittance Measurement: Future work
should directly measure the long-wave
infrared emittance (g) of each coating over an
extended period, rather than relying on
published reference ranges (Table 2), to
strengthen the link between optical
properties and measured efficiency.

b. Extended, Controlled-Environment Testing:
Testing should be extended beyond three
trial days and, where possible, conducted
under controlled conditions to remove wind
speed and humidity as confounding
variables.

c. Environmental Durability Studies: Long-
term exposure testing is needed to assess the

effect of ultraviolet light and repeated
thermal cycling on coating performance,
particularly given black enamel's known
tendency to chip.

d. Latent Heat Storage Integration: Future
prototypes should consider integrating a
phase-change material (PCM) beneath the
absorber plate to extend cooking capability
into cloudy or nighttime conditions.
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