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Water scarcity remains a global challenge that directly affects rural communities.
The objective of this study is to design, build, and validate a pyramid-shaped solar
distiller using appropriate technology for the decentralized supply of fresh water in
Bucaramanga, Colombia. We combined a nine-day experimental campaign (April
1-9,2025) with a TRNSYS (Type 66a-EES) simulation, evaluating two simulation
models: a simplified energy balance model (MS01) and a variant that includes the
efficiency of the Hottel-Whillier-Bliss (HWB) collector (MS02). Ambient
temperature, direct normal irradiance (DNI), and four internal temperatures were
measured every five minutes with calibrated sensors during the experimental
process. The prototype reached tank/steam temperatures of 42-49 °C and produced
225-750 ml/day, with a total of 3,861 ml; the peak of 750 ml on a day of low
irradiance was due to thermal inertia and reduced losses. Both simulation models
reproduced the thermal and production trends with relative errors between +0.012
and +£0.040. The cumulative yield on April 9 was 3765 ml (—2.5%) for MSO1 and
3995 ml (+3.5%) for MS02. In summary, MSO1 adjusted the tank/steam
temperature values slightly better, while MS02 improved the distillation output
prediction and offers greater calibration potential through the HWB parameters
(FR, UL, (ta)e). The results indicate technical feasibility and scalability for rural
contexts, and point to simple design improvements (sealing, leak control, thermal
management) to increase daily production. Overall, passive desalination is a
practical alternative.

© The Author 2025. Keywords: Appropriate technology, Hottel-Whillier-Bliss model, Passive
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1. Introduction

Water scarcity around the world has become a global challenge, threatening the health and survival of people,
ecosystems, and the socioeconomic development of regions [1]. Driven mainly by population growth,
technological development, increased urbanization, and climate change, it primarily affects arid regions [2].
According to a report presented in 2025 and developed jointly by the World Health Organization (WHO) and
the United Nations Children's Fund (UNICEF), around 2.1 billion people worldwide lack access to safely
managed drinking water. This shows an increase in global coverage from 50% to 60% in rural areas, while in
urban areas, coverage reaches 83%. However, it points out that inequalities persist and that improvements in
This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/ ) that allows others @ @
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access have been more pronounced in rural areas in relative terms, but much of the absolute progress has been
in urban areas [3].

In Colombia, there are still big differences in access to clean water between urban and rural areas. According to
a recent study [4], while around 98% of people in cities have access to water services, in rural areas this figure
is only 73%, which is a gap of 25 percentage points. This situation, based on official data released by Colombia's
National Administrative Department of Statistics (DANE) in the 2018 census, reflects the need to improve
infrastructure and water resource management in rural areas, where 39.2% of households do not have an
adequate quality supply, increasing their health and social vulnerability [5].

These water scarcity problems are exacerbated by inefficient resource management, pollution, and
overexploitation of groundwater [6]. In this context, solar desalination, understood as the process of removing
salt and other minerals from seawater or brackish water, is emerging as a promising strategy for ensuring access
to drinking water [7]. In recent decades, these technologies have undergone remarkable advances that have
improved their efficiency, reduced their costs, and strengthened their environmental sustainability,
consolidating them as a key alternative to the water crisis [8]. Within this field, there are two main approaches:
active and passive [9].

Active systems, although more efficient and with greater production capacity, require high investment and
operating costs, which limit their implementation in rural communities. In contrast, passive technologies, such
as pyramid solar stills (PSS), represent a viable option by directly harnessing solar energy for evaporation and
condensation [10], with simple designs, low cost, and high adaptability to the concept of appropriate technology
[11]. The latter refers to low-cost technical solutions that are easy to maintain, culturally accepted, and adapted
to local conditions [7], making passive solar desalination a particularly suitable alternative for remote areas with
limited resources [12].

Between 2022 and 2023, various studies explored improvements in pyramidal solar stills (PSS). Modi and Gami
[13] used NaNOs and Al:Os nanofluids as thermal storage materials, achieving 5.5% higher efficiency and
lower costs with NaNOs. Omara et al. [14] evaluated convex and dish absorbers, achieving 6.75 1/m?-day with
costs of up to $0.015/1, while Ajit et al. [15] increased productivity by 40-73% using clay pots. Ahmed et al.
[16] showed that PCM-encapsulated fins increased efficiency to 49.9% compared to 34.6% for conventional
systems, and Shanmugan et al. [17] reported a yield of 4.28 1/m?-day and efficiency of 38.1% in a stepped PSS.

In 2024 and 2025, the trend toward hybrid systems with PCM and nanoparticles became established. Abed et
al. [18] increased productivity by 117.6% with PCM, while Wei et al. [19] achieved 16.7% higher performance
in floating systems with nanostructured coatings. Essa et al. [20] reported up to a 166% increase by combining
triangular absorbers, reflectors, PCM, and solar tracking; Mekki et al. [21] showed that 2 kg of PCM optimized
efficiency (32%) and reduced CO: emissions by 11.1 t; and Meena et al. [22] integrated vacuum tube collectors,
PCM, and fins, reducing costs to $0.0094/1. However, this work focuses on the development of a pyramidal
system with materials accessible in the region of Bucaramanga, Santander, designed for application in rural
environments, where the local availability of inputs facilitates its construction, maintainability over time, and
validation using a mathematical simulation model implemented in TRNSYS.

2. Methods and materials
2.1. Experimental setup

In this study, a pyramidal solar distiller was designed and developed based on the concept of appropriate
technology, consisting of a single tank to carry out the experimental phase and estimate the amount of water
generated. Figure 1A shows a side view of the system, where its characteristic pyramidal shape can be seen.
The sloping cover with a maximum height of 441 mm is noteworthy, suggesting an angle that favors the
condensation of water vapor on the inner walls and its subsequent collection at the lower edges. The base has a
length of 1014 mm, confirming that the system maintains a square or almost square structure in plain view. In
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general terms, the structure is divided into three parts: a lower area of 134 mm that acts as a saltwater reservoir,
an intermediate section of 174.07 mm that provides support and thermal stability, and a 441 mm pyramidal
cover designed to maximize solar capture and promote the condensation of fresh water on its internal walls.

For your part, Figure 1 B shows the plan view of the system, which has a square base measuring 1124.17 mm
x 1124.17 mm. The presence of diagonal X-shaped reinforcements suggests a structural design optimized to
improve the mechanical strength of the system and possibly support a sloped roof. In addition, the dimensions
of 560 mm x 560 mm within the main area could indicate subdivisions to optimize condensed water collection
or improve thermal distribution inside the still. The inclusion of rounded corners in the structure may be a design
strategy that minimizes mechanical stress and facilitates the drainage of distilled water, reducing losses due to
secondary evaporation.
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Figure 1. Side view (A) and plan view (B) of the Figure 2. Exploded view of the pyramidal solar still
pyramidal solar distiller designed under the concept designed in 3D CAD
of appropriate technology. Note: Own elaboration.
Unit values expressed in millimeters (mm)

Figure 2 shows an exploded view of the pyramidal solar still. At the bottom is the baseboard (1), accompanied
by the thermal insulation fabric (11) and the wooden side boards (3) that make up the body of the system. In the
middle are the mirrors (2) and mirror separators (8), whose function is to reflect solar radiation inward. The
upper part consists of PVC pipes (5), PVC elbows (4), the triangular pyramid glass (6), and the upper angles (7)
that reinforce the structure, while the electrical box (9) and pyrometers (10) allow for the monitoring of thermal
variables.

A total of 11 materials were used, six of which correspond to the system's own structure, and five were purchased
on the market. Most are counted by units, while three are measured in meters (PVC pipe, mirror separator, and
insulating fabric). The design integrates wood, glass, and mirrors as structural materials, along with functional
components such as PVC and insulation, achieving a balance between local manufacturing and commercial
procurement. Likewise, the incorporation of the electrical box (9) and pyrometers (10) shows that the system is
geared toward both solar desalination and experimental validation of its performance.
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Additionally, Table 1 presents the thermophysical properties of the materials, which are necessary for accurate
modeling in the TRNSYS simulation phase.

Table 1. Thermophysical properties for simulation in TRNSYS (reference values at ~20-25 °C)

Material k (W/m-K) ¢p (J/kg'K) p (kg/m?) Source
Glass 1.05 840 2500 [23]
Saltwater 0.60 3990 1025 [24]
Madera (base) 0.12 1700 600 [25]
XPS insulation 0.035 1400 3045 [26]
Interior air 0.026 1005 1.2 [27]

2.2. Experimental method

The experimental campaign was carried out at the Santander Technological Units, where hourly measurements
of temperature and solar radiation were taken on eleven consecutive days between April 1 and 9, 2025. To this
end, four temperature sensors were placed at strategic points in the passive solar desalination system (collector
outlet, inside the tank, steam-water zone, and surrounding environment), in addition to a calibrated pyranometer
to record incident solar radiation. Figures 3A and B show the installation of the system and the layout of the
measuring instruments.

The data obtained were systematically organized and tabulated with a recording frequency of 5 minutes, which
allowed for the analysis of daily thermal patterns, the identification of direct correlations with solar radiation,
and the detection of possible thermal delays between the different monitored areas. This information constitutes
the experimental basis necessary for the subsequent validation of the simulation model, ensuring its consistency
with actual operating conditions.

Figure 3. Side view (A) and low-angle view (B) of the pyramidal solar distiller built according to the concept
of appropriate technology

It underwent a verification process at the Industrial Instrumentation Laboratory to determine the errors. This
process was carried out using a Presys TE-25N dry block and a 4-wire PT100 reference resistance. The
differences in readings obtained in the 16 measurements between each test sensor and the standard value were
interpreted in terms of error propagation, considering the uncertainties associated with both the reference and
the measured sensors. Table 1 shows the average errors calculated for each sensor, together with the
identification of the type of sensor used (K-type or J-type thermocouple), which allows the systematic trend of
each device to be analyzed.
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Table 2. Average sensor errors

Sensor Range Accuracy  Error (°C)
Sensor 1 (Type K thermocouple) Distiller outlet (0—100) +/-1°C +0,333
Sensor 2 (Type J thermocouple) Storage tank °C +/-1.23 °C -0,417
Sensor 3 (Type J thermocouple) Wet steam (inside the pyramid) -0,417
Sensor 4 (Type J thermocouple) Ambient -0,417

In general terms, the overall propagation of error was expressed as:

€r = \/Ezsensor + €% test (1)
Where:
Esensor 18 the systematic deviation observed for the sensor with respect to the standard
€test corresponds to the uncertainty associated with the reference PT100 and the dry block
2.3. Mathematical models

This section presents the mathematical models used in the development of the simulation model, which are
summarized in Table 3 and form the basis for estimating energy flows, thermal losses, and system productivity.
In particular, two main formulations were used: the first corresponds to a simplified energy balance scheme that
integrates the equations of absorption, convection, radiation, and instantaneous thermal efficiency; while the
second introduces a variation based on Equation 9, the Hottel-Whillier—Bliss (HWB) model, widely used for
flat-plate collectors [28]. This adaptation allowed for the incorporation of more robust parameters such as the
removal factor, the overall loss coefficient, and the effective optical yield, thus achieving a more accurate and
calibratable approximation of experimental conditions.

Table 3. Thermodynamic mathematical models

Name Equation Components/meaning
Qsun absorbed heat (W)
G irradiance (W/m?)
Absorbed solar gain Qsun =GAta (2) A projected area (m?)

T transmittance
« absorptance

Exterior convective )
h;onv €xternal convection (W/m?-K)

coefficient (v<5 heony = 2.8+ 3u 3) w wind speed (m/s)
m/s)
Exterior convective 284+3u siu<5m/s
h = 4 i i 2
coefficient (general) {6.15 u®® siu>5m/s (4) h convection coefficient (W/m*K)

Qconv convection losses (W)
Qeonv = Peonv A (Tine — Text) (5) Tine internal temperature (°C)
T,y external temperature (°C)

Convection losses
(indoor-room) (5)

Qrqq radiation losses (W)

Radiation losses & emissivity

=0 AT, . — T* 6
Qraa (T ik ext ) ©) o Stefan—Boltzmann constant

5.67x10°(-8) (W/m?-K*)

Qevap = Qsun — Qconv — Qraa (7 Qemlp net useful heat (W)

(indoor-room)

Net useful heat
(evaporation)
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Name Equation Components/meaning
Instantaneous 0
thermal efficiency n =100 % (8) n thermal efficiency (%)
(simple method) sun
Nuwa efficiency (%)
Hottel-Whillier- Fp removal factor
Bliss HWB model Hws 9) (t @), effective optical
_ UL (Tint B Text)
[28] (plate collector) = Fgl(ta). c performance
U, global losses (W/m?-K)
e efficiency (%)
Desalinator thermal o= xmy (10) m hourly output (kg/h);
efficiency 3.6 YA4,G6 y latent heat of steam (kJ/kg)
A, absorber area (m?)
a,, brine absorptance
Brine energy dr, dk)Ge qc qr heat fluxes (W/m?)
balance TwGA+ e = (ot get @A+ MyGoy gt (1) M,, brine mass (kg)
Cpw specific heat (J/kgK)
a(p evaporation flux (W/m?
Evaporative heat G = 144+ 107(8, — R T e YAPOTE ( )
5 (12) P,,, P, partial pressures (Pa)
flux _T M} 1/3
92689+ 1073 - B, Ty, Ty temperatures (K)
3.6q. A hourl duction (kg/h
Hourly productivity m= e ” (13) m hourly procuc ion (kg/h)
y g, evaporation flow (W/m?)
ts
total production (k
Total production p= Z—m (14) p ot pro. He 1 on (k)
ts operating time (h)
0
qgc roof-to-air convection losses
) (W/m?)
Roof-to-Ambient . .
09 FtomAmbIen Ggc =h (Ty —Ty) (15)  h convection coefficient (W/m?-K)
Convection
T, roof temperature (K)
T, air temperature (K)
Roof-to- o
roof radiation losses (W/m?
Sky/Ambient Qgr = 0g5 (TH=TH + ([TF-TH (16) Qgr L (Wi
. &g roof emissivity
Radiation
m;y; initial mass (kg)
Mass Balance ; ; , .
Min = Moy + Mepap (17) My, final mass (kg)
(Overall) ) .
Mepap €vaporating mass (kg)
e ; o , Meong Useful condensate (kg)
Vapor Partitioning Meyp = Meona + Mpera (18) it pera losses (kg)
T3exp (d) ttemperature
experienced by steam on the day
Produccié d Tamp(d) experimental ambient
Average Factor Factor, = roduccion ey, () (19) temperature on the da
o = u
(mL/°C) © 7 T3exp — Tamn(d) P ,

Factor, indicating how much water
is produced per degree of thermal
difference
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Name Equation

Components/meaning

Water Production

Producciongmeq(d) = Factotyrom(T3moa (d)

= Tamp (d))

(20)

T304 (d) temperature
experienced by steam during the
day
Factory,,om which indicates how
much water is produced for each
degree of thermal difference

Note: Own creation. Source: [29] [30] [31] [32] [33]

2.4. Simulation model in TRNSYS

The passive solar desalination model was developed in the TRNSYS environment using code written in
Engineering Equation Solver (EES), linked via the Type66a component. This code was based on the
mathematical models described above and included two main formulations: the first, a simplified energy balance
scheme that integrates the equations of absorption, convection, radiation, and instantaneous thermal efficiency;
and the second, a variant that incorporates the Hottel-Whillier—Bliss (HWB) model applied to flat-plate
collectors [28]. Figure 4 presents the structure of the simulation, in which climate data (Type9c) feeds the
numerical module in EES (Type66a), and the results are displayed in Type65d, allowing dynamic analysis of
thermal behavior and desalinated water production under representative meteorological conditions.

(/]

a
TRNSYS
—_—
EES
Type9c
Type66a

Type65d

Figure 4. Block diagram of the passive solar desalination system simulation in TRNSYS through integration

2.5. Validation of simulation models

with EES

The validation of the simulation models implemented in TRNSYS was performed by estimating absolute and
relative errors, comparing the simulation outputs with the experimental reference data. Table 4 presents the

mathematical models used to estimate each error.

Table 4. Mathematical models for estimating relative and absolute errors

Error name Formula Variable description
Absolute error EA = [X sim — X epr (21) X4, value obtained from the simulation
Relative error | Xsim — Xexp| (22) Wwith TRNSYS
ER = X Xexp €xperimental value
exp
Average absolute 1 (23) EA abso?ute error
error MEA = ;Zleim — Xepr ER relative error . '
i=1 n total number of data points considered

Average relative MER (24) in the validation

error (24)

i=1

10 |Xsim = Xexp]
_ _Z sim exp x 100
n Xexp

MEA mean absolute error
MER mean relative error

Note: Own creation. Source [34] [35]

3. Results and discussion

It is important to understand the influence of direct normal irradiation (DNI) and ambient temperature when
determining the efficiency of solar distillers. These two variables have a significant impact on the efficiency
and productivity of this type of system. Figure 5 shows the ambient temperature and DNI recorded during the
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experimental process. These values were also used in the evaluation process of the simulation models developed.
In general terms, high ambient temperatures tend to increase the evaporation rate, resulting in greater heat losses.
For its part, DNI is responsible for supplying the energy needed to carry out the distillation process. When DNI
is prolonged over time, it directly influences heat transfer and evaporation rates within the still.
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Figure 5. Daily variation of direct irradiance and ambient temperature on the days of experimentation

Figure 6 shows the results obtained in the experimental phase of the solar distillation system, where the
evolution of the temperatures recorded between April 1 and April 9 can be observed. It can be seen that the
system output (T1 Out) has the lowest values, stabilizing at around 30 °C after an initial peak of 42 °C,
reflecting possible heat losses or limited heat exchange at that point. On the other hand, the tank temperature
(T2_Tank) and the steam temperature (T3 _Steam) show greater stability, reaching between 42 and 49 °C, with
a clear consolidation from April 6 onwards, when the system begins to operate more efficiently. The fact that
the steam exceeds the tank in the last few days shows better use of the DNI and a favorable thermal gradient for
condensation, which translates into greater distilled water production.
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Figure 6. Temporal variation of temperatures recorded in the solar distiller probes
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Figure 7 shows the daily water production in mL and the cumulative production during the experimental phase
of the solar distiller. It can be seen that the evolution of distilled water production is directly linked to
temperature and solar radiation behavior. During the first few days (April 1 to 3), system temperatures (outlet,
tank, and steam) remained moderate, accompanied by relatively low radiation levels, which is reflected in
limited daily production between 225 and 415 mL. From April 4 onward, increased radiation raised the tank
and steam temperatures (close to 45-49 °C), while on April 5, despite being a day with low irradiance, maximum
production was reached with 750 mL, explained by the thermal inertia of the system and conditions of high
radiation. °C), while on April 5, despite being a day with low irradiance, maximum production peaked at 750
mL, explained by the thermal inertia of the system and favorable conditions such as lower heat loss and higher
initial temperatures.

Subsequently, although temperatures continued to rise and radiation remained relatively stable, production
fluctuated (345-520 mL), demonstrating that factors such as ambient temperature, energy accumulation, and
heat loss also influence production in addition to irradiance. Taken together, Figures 7 and 5 show that the
distillation system responds positively to increases in radiation and temperature, but also to cumulative effects,
achieving a total production of 3861 mL.
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Figure 7. Water production per day and accumulated in the solar distiller in the experimental phase

Table 4 compares the experimental temperature values (outlet, tank, and steam) with those obtained in the MS01
and MS02 simulation models. In general, both models adequately reproduce the trends observed in the
experimental phase, with minimal differences in most cases. For the outlet temperature, MSO1 tends to slightly
underestimate the experimental values, while MS02, by incorporating the Hottel-Whillier—Bliss (HWB) model,
offers a better approximation at several points, more accurately reflecting the dynamics of global losses and the
optical performance of the plate collector. In the case of the tank, both models follow the upward behavior
recorded experimentally, although MSO01 is numerically closer. In the vapor zone, the simulations capture the
upward trend until it exceeds 45 °C, with MS01 adjusting better at the maximum values and MS02 showing a
more conservative prediction.

Table 4. Comparison of thermal variables between experimentation and simulation (MSO1 and MS02)

Experimentation Simulation model 01 (MS01) Simulation model 02 (MS02)

Out (°C) Tank (°C) Steam (°C) Out (°C) Tank (°C) Steam (°C) Out (°C) Tank (°C) Steam (°C)
42,47 30,7 34,92 44,139 32,137 36,347 40,771 31,117 35,853
30,83 36,77 34,85 30,374 37,319 35,42 31,958 35,299 34,544
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Experimentation Simulation model 01 (MSO01) Simulation model 02 (MS02)
29,43 42,57 38,1 28,649 43,571 39,155 30,607 40,867 36,889
30,98 44,74 40,2 30,142 45,813 41,338 32,219 43,85 38,81
28,75 33,54 35,5 28,417 33,957 35,917 29,525 34,882 34,08
32,1 43,69 45,65 31,058 44,976 47,176 33,384 41,942 43,824
33,31 44,37 47,09 31,978 45,985 48,974 34,642 45,781 45,206
33,36 45,58 48,65 32,073 47,171 50,596 34,694 46,808 46,704
34,27 43,76 46,29 33,137 45,096 47,895 35,641 45,51 44,438

Table 5, which presents the absolute and relative errors, allows these observations to be quantified. At the outlet,
the absolute error of MSO1 reaches up to £1.6 °C, while in MS02, the deviations are reduced and remain close
to 1.3 °C, which shows a better prediction of this parameter in MS02. In the tank, both models show relative
errors of around +0.04, although MSO01 tends to offer a more stable fit. In the vapor, the two models record
similar errors, with slight advantages for MS01 at high values. Overall, the relative errors, which range between
+0.012 and £0.040, confirm that the approximation of both models is satisfactory, but that the inclusion of the
HWB model in MS02 provides greater realism in the simulation of the outlet temperature, at the cost of slight
discrepancies in the tank and steam.

Table 5. Comparative analysis of simulation errors (MS01 and MS02)

Absolute Error-MS 01 Absolute Error MS 02 Relative Error MS 01  Relative Error MS 02
Tank  Steam Tank Steam
Out (°C Out (°C Out Tank Steam Out Tank Steam

1,669 1,437 1,427 -0,699 0417 0933 0,039 0,047 0,041 -0,016 0,014 0,027
-0,456 0,549 0,570 1,128  -1,471 -0,306 -0,015 0,015 0,016 0,037 -0,040 -0,009
-0,781 1,001 1,055 1,177  -1,703 -1,211 -0,027 0,024 0,028 0,040 -0,040 -0,032
-0,838 1,073 1,138 1,239 -0,890 -1,390 -0,027 0,024 0,028 0,040 -0,020 -0,035
-0,333 0,417 0,417 0,775 1,342 -1,420 -0,012 0,012 0,012 0,027 0,040 -0,040
-1,042 1,286 1,526 1,284  -1,748 -1,826 -0,032 0,029 0,033 0,040 -0,040 -0,040
-1,332 1,615 1,884 1,332 1,411  -1,884 -0,040 0,036 0,040 0,040 0,032 -0,040
-1,287 1,591 1,946 1,334 1,228  -1,946 -0,039 0,035 0,040 0,040 0,027 -0,040
-1,133 1,336 1,605 1,371 1,750 -1,852 -0,033 0,031 0,035 0,040 0,040 -0,040

Figure 8 compares the daily distilled water production between the experimental data and the results of the
MSO01 and MS02 simulation models. In the first few days (April 1 to 3), the differences are small and remain
below £12 mL/day, representing only between 2% and 5% of the actual value produced. This behavior allows
us to consider these discrepancies as minimal, since they do not affect the general trend or the level of accuracy
of the models. Both MS01 and MS02 consistently follow the evolution of the experimental curve, showing that
they are reliable tools for describing the performance of the system under relatively stable radiation and
temperature conditions.

From April 4 onwards, the differences begin to grow, becoming more noticeable on April 5 and 7, when the
largest errors occur. MSO1 maintains a tendency to underestimate production, with errors reaching —17 mL/day
on April 9, while MS02 tends to overestimate it, reaching a maximum of 26.8 mL/day on April 5 and 20.8
mL/day on April 9. April 7 is the most critical day, with errors close to 15 mL/day in both models, as highlighted
in the zoomed area. Despite these differences, the simulations retain the shape and trend of the experimental
curve, confirming that the two models adequately represent the dynamics of the system. However, when
considering the mathematical structure, MS02, by incorporating the Hottel-Whillier—Bliss model, offers a more
robust and flexible framework for calibration, making it the model with the greatest potential for adjustment
with respect to the experimental results.
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Figure 8. Daily water production in experiments and simulations (MS01, MS02)

Finally, Figure 9 shows the comparison between the cumulative distilled water production obtained
experimentally and that estimated using the MSO1 and MS02 simulation models. In general terms, the three
curves show progressive growth and are very close to each other, which shows that the models adequately
reproduce the accumulation trend observed in practice. From the early days, the differences are minimal, less
than 30 mL, reflecting a good level of prediction in low-production scenarios. As the experimental period
progresses, discrepancies tend to increase, especially after April 5. At the close of April 9, cumulative
experimental production reached 3,861 mL, while MSO1 predicted 3,765 mL, and MS02 reached 3,995 mL.
This confirms that MSO1 maintains a more conservative behavior, slightly underestimating the results, while
MSO02 tends to overestimate them. However, the final differences do not exceed £3.5% of the experimental

value, which is considered acceptable in this type of study.
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Figure 9. Accumulated water production: experimentation vs. simulated models (MSO1 and MS02)

4. Conclusions

This study integrated experimentation and mathematical modeling in TRNSYS (Type66a + EES) to evaluate
the performance of a pyramidal solar distiller developed under the paradigm of appropriate technology,
considering the joint influence of ambient temperature and direct normal irradiation (DNI) on thermal behavior
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and water production. In the experimental phase, the system reached tank and steam temperatures between 42—
49 °C and a daily production of 225-750 mL, with a cumulative total of 3861 mL. The maximum of 750 mL
was obtained on a day of low irradiance, due to thermal inertia and lower losses; on the other hand, the 7th day
of testing showed the greatest discrepancy between measurements and simulations.

Productivity increased with the rise in effective internal temperature (difference between vapor temperature and
ambient temperature) and with sustained energy availability (DNI). Beyond solar resources, operational factors
such as previous thermal conditions, convection and radiation losses, and brine volume affected performance,
resulting in fluctuations of 345-520 mL/day in the final days of the test. These results confirm the system's
sensitivity to both environmental variables and operational and design decisions.

The simulation models adequately reproduced the thermal and production trends observed in the experimental
phase. Overall, relative errors remained between £0.012 and £0.040, indicating an acceptable level of agreement
for prototype-scale validation. By variable, simulation model 01 used a simplified energy balance and showed
a better fit for tank and steam temperatures than simulation model 02. On the other hand, the latter, by
incorporating the Hottel-Whillier—Bliss (HWB) model, offered a more accurate estimate of the output,
explicitly considering overall losses (U_L) and optical performance (ta). In terms of cumulative production,
simulation model 01 underestimated by —2.5% (3,765 mL) and simulation model 02 overestimated by +3.5%
(3,995 mL) compared to the experimental value (3,861 mL), differences that are within acceptable ranges for
this type of simulation.

While simulation model 01 offered a more conservative and stable prediction, simulation model 02 provided a
more robust and calibratable physical framework, with FR, UL, and (ta)e parameters, allowing for better
adjustment to new environmental or operating conditions while maintaining fidelity to the heat transfer
mechanisms of the flat plate collector. From an appropriate technology perspective, the pyramidal distiller
demonstrated technical feasibility and potential for implementation in rural contexts by combining local
construction (wood, glass, PVC, insulation) with basic instrumentation for operation and monitoring; its
performance can be enhanced with improvements in sealing, loss control, and thermal management.

Finally, the following future work is proposed: formal calibration of simulation model 02 using multi-parameter
optimization (FR, UL, (ta)e); seasonal evaluation with long series of DNI and wind data; exergy and levelized
cost per liter analysis; and study of passive strategies (reflectors and PCM) to increase daily production without
sacrificing simplicity and maintainability. These lines of work will consolidate the maturity of the model and
the transferability of the prototype to real rural scenarios.
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