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This work presents the most exhaustive experimental characterization of the thermal performance of the
Haines 2 solar cooker available to date. Two Haines 2 solar cookers were tested side-by-side in Malaga,
Spain, 36.7�N, between May 2021 and December 2021. A novel test procedure using empty pots and a
tilted plane with variable inclination gave useful information about the influence of the solar altitude
angle on cooker performance, and allowed identification of the best range for each of the two available
reflector configurations for this cooker. Some suggestions are given to improve the cooker design for low
solar altitude angles. In addition, a large number of water heating tests partly based on the ASAE S580.1
standard protocol were conducted to i) determine the standardised power, ii) examine the influence of
the solar altitude angle, and iii) investigate the impact of using partial loads. All these results provide a
complete characterization of the performance of this cooker in a wide range of operating conditions of
practical interest. It is recommended that future versions of ASAE S580.1 standard consider the influence
of both solar altitude angle and partial loads.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Solar cookers are devices which use solar energy to heat, cook or
pasteurise drink and other food material, without energy costs in
use and without dependence on fuel, wood, coal or electricity.
Many solar cooker designs have been developed in the last few
decades, using very different technological solutions, from the
simplest to the most complex [1e3]. There are complex designs
that use intermediate fluids, enabling the user to cook indoors;
others include a thermal energy storage medium, enabling cooking
in the evening [4,5]. In spite of the advantages of advanced solar
cooking systems, their initial costs are relatively high and possible
breakdowns need to be fixed by specialized technicians. Thus, solar
cooking systems should be based on technology appropriate to the
region where they will be used. In most low-tech solar cooking
solutions, solar radiation is concentrated in the cooking zone, by
means of reflective surfaces, being directly used for cooking the
food during sunny periods. They can be classified into four main
goaga).

r Ltd. This is an open access articl
groups: parabolic, box, tube and panel cookers [1e3].
Most common commercialized parabolic dish cookers can cook

as quickly as a gas burner [6,7]. When using a parabolic dish cooker
with large aperture area [8] i) frying of food is possible under clear
sky conditions, ii) the food can become burned if the user does not
control the cooking process and iii) a transparent heat trap is
required when the solar radiation is weak. In the case of common
small parabolic solar cookers, the maximum achieved temperature
by the load is relatively low when a heat trap around the pot is not
used [8]. Thus, the use of a heat trap is recommended for cooking
food successfully in a reasonable period of time.

Box solar cookers are able to slowly cook food for a whole family
[6,9e11]. In most cases, when it is sunny, a well-designed box solar
cooker can cook delicious meals in one to 2 h, depending mainly on
the amount of water contained in the food being cooked. Box solar
cookers can be produced using high or low technologies.

Regarding tube solar cookers [12,13], most commercially pro-
duced models are evacuated tube solar cookers with relatively
small parabolic trough reflectors. They only require small reflectors
because evacuated tubes are so efficient. The main drawback of this
design is that the outer tube is usually very fragile and the inner
tube is vulnerable to thermal shock.
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Nomenclature

An;max Maximum normal area to the incoming beam
irradiation being collected by the solar cooker (m2)

a Slope of the linear regression of standardised power
(W �C�1)

cw Specific heat of water (J �C�1 kg�1)
I Solar irradiance (W m�2)
Ibn Beam normal solar irradiance (W m�2)
Ibn Average beam normal solar irradiance during a test

(W m�2)
In Global normal solar irradiance (W m�2)
In Average global normal solar irradiance during a test

(W m�2)
mw Mass of water (kg)
np Number of valid observation points for deriving the

linear regression
nt Number of tests
_Q Cooker power (W)
_QS Standardised cooker power (W)
_QS;0 Standardised cooker power for DTw;a ¼ 0 �C (W)
_QS;50 Standardised cooker power for DTw;a ¼ 50 �C (W)
_QS;CI95% 95% confidence interval for the standardised power

(W)
_QS;PI95% 95% prediction interval for the standardised power

(W)
R2 Coefficient of determination (�)
Ta Ambient air temperature (�C)
Ta Average ambient temperature during a test (�C)

Tw Water temperature (�C)
va Wind velocity (m s�1)
va Average wind velocity during a test (m s�1)

Greek symbols
as Solar altitude angle (�)
as;max Solar altitude angle at noon time (�)
as;sim Simulated solar altitude angle (�)
as Average solar altitude angle during a test (�)
b Board inclination angle (�)
h0 Optical efficiency
h50 Efficiency for DTw;a ¼ 50 C

D _QS Residual standardised power (W)
Dti Time interval i (s)
DTw;i Increase of water temperature for time interval i (�C)
DTw;a Difference between water temperature and ambient

temperature (�C)
DTpot;a Difference between air temperature inside the pot

and ambient temperature (�C)

Subscripts
n Direction normal to beam radiation
i Time interval i

Abbreviations
BC Blue configuration
H1 Solar cooker number 1
H2 Solar cooker number 2
RC Red configuration
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Finally, most common reflective panel solar cookers [6,14e16]
can cook food slowly like most common commercially produced
box cookers. The foldability, portability, low cost, low weight and
ease of construction are key advantages of this type of cookers. A
transparent enclosure around a black cooking vessel is usually
needed. Some popular designs are the Cookit [17,18], HotPot [6],
Haines [13,19], Copenhagen [16], and Funnel [19].

The recently developed Haines 2 design aims to combine the
simplicity of a panel cooker with the effectiveness of a deep para-
bolic reflector shape. This cooker design can be assembled in two
different configurations, one for low solar altitude angles and the
other for high solar altitude angles. Some performance figures for
the Haines 2 cooker, following the ASAE S580.1 test protocol, have
already been published [13].

It has been shown that a panel cooker's performance depends
significantly on the solar altitude angle (as), and load ratio [16].
However, published data is very limited. Results from Solar Cookers
International [13] are based on only three tests, with an average
solar altitude angle of as: 39�e40�, and with the cooker assembled
in the low sun configuration. Results from Solar Household Energy
[19] are evenmore incomplete, based on only three tests conducted
in July, without reporting the adopted configuration. So, published
information is limited and insufficient to characterize the perfor-
mance of the Haines 2 solar cooker.

This work aims to fully characterize the performance of the
Haines 2 solar cooker. Extensive experimental workwas conducted,
testing two Haines 2 solar cookers side-by-side in Malaga, Spain,
36.7�N. Special tests using empty pots were conducted to investi-
gate the dependence of the cooker performance on solar altitude
2

angle as. In addition, a total number of 34 tests using water load
were conducted, partly based on the ASAE S580.1 protocol, but
extending it to cover a wide range of solar altitude angles as :
39�e75�, and two different mass load values: 2 and 3.5 kg.

2. Experimental setup

The experimental testing setup, located on the rooftop of the
“Escuela de Ingenierias Industriales” at the University of Malaga in
Fig. 1. Haines 2 solar cooker.



Fig. 3. Configurations of the Haines 2 solar cooker: a) Blue Configuration and b) Red
Configuration.
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Spain (36.9�N, 4.4�W), was used to test two Haines 2 solar cookers,
here called H1 and H2. Fig. 1 shows a photo of one of the cookers,
assembled for operation when the solar altitude as is high. Each
solar cooker consists of a reflector made of two pieces of high-
temperature reflective metallized polyethylene terephthalate
(MPET), a black steel pot with a glass lid, and two transparent
polycarbonate elements, that act as a heat trap.

The main dimensions of the two pieces of the reflector are
shown in Fig. 2. The total areas of the reflective surfaces of pieces 1
and 2 are, respectively, 0.54 m2 and 0.67 m2. The thickness of each
piece is 2 mm. The total mass of the reflector is 413 g. The reflector
is assembled by using the different press studs. When the white
and red press studs are used, the resulting configuration is the one
suitable for high as, which is here called the Red Configuration (RC).
However, when the white and blue press studs are attached, the
resulting solar cooker shape is called the Blue Configuration (BC) and
this is the one suitable for low as operation. Both configurations are
depicted in Fig. 3.

The maximum area normal to the incoming beam irradiation
(An;max) was determined for both configurations. Two methods
were used: measurements from calibrated photographs, following
the method described in Ref. [20], and analysis of a detailed 3D
model. The two methods produced consistent results. In the case of
RC it was found that An;max was 0.452m2 at as ¼ 76� whereas for BC,
An;max was 0.475 m2 at as ¼ 58�. These values are smaller than the
value of 0.5 m2 previously reported in the literature [13,19].

The elements of the cooking vessel are depicted in Fig. 4. The
inside and outside surfaces of the pot are polished, and painted
matt black, respectively. The inner diameters of the pot at the top,
and at the bottom, are 26 cm and 19 cm, respectively. The height of
the pot is 10.5 cm. Its capacity is about 4.5 L and its mass is 430 g.
The lid is made of glass. It has a central silicone handle and a
stainless steel rim. The total mass of the lid is 660 g. The greenhouse
effect is achieved with two thin transparent UV-resistant poly-
carbonate elements. One is a cylindrical shell placed in a vertical
position around the pot and the other has a conical shape. The
mass, the diameter and the height of the polycarbonate conical
shell are 165 g, 56 cm and 10 cm, respectively. The mass, the
diameter and the height of the cylindrical shell are 102 g, 27 cm and
14 cm, respectively. The Haines 2 solar cooker also uses eight sili-
cone spacers to avoid thermal contact between the pot and the
cylindrical shell that supports the pot.

The experimental setup is composed of sensors for measuring
temperature, wind speed and solar irradiance. Five T-type ther-
mocouples are used in each pot to measure the temperature of the
load, or the air inside the pot when no load is present. These
thermocouples are arranged 10 mm from the bottom of the pot, as
Fig. 2. Main dimensions and location of coloured press studs in both pieces of the
Haines 2 solar cooker reflector.

Fig. 4. Elements of the cooking vessel.
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recommended by the standard for testing cookers using water as
the load [21]. Data was acquired every 15 s via a Campbell CR1000
datalogger. Average values for each minute were used in the cooker
performance analysis. The experimental setup has a weather sta-
tion located next to the cooker testing zone, as shown on the right



Fig. 5. Experimental setup used for testing two Haines solar 2 cookers side-by-side.
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side of Fig. 5. Two pyranometers were used for measuring global
solar irradiance, one on the horizontal plane and the other on a
plane tilted at 50�. A hemispherical cup anemometer and a Pt100
temperature sensor were used for measuring the wind speed and
the ambient temperature, respectively, as explained in Ruivo et al.
[22]. On the same rooftop there is another weather station
measuring the global and diffuse solar irradiances, data that were
used to estimate the fraction of direct solar irradiance. Using both
weather stations, the recorded solar irradiance, and the Liu Jordan
isotropic sky model [23], the value of the global normal irradiance
(In) was calculated. This was used in the calculation of the stand-
ardised power of the cooker, as recommended in the ASAE S580.1
standard [21]. Details of these specific calculations are explained in
Ruivo et al. [22].

Both of the solar cookers being tested, and the pyranometers,
were azimuthally adjusted every 20 min. No vertical tracking was
performed.

3. Experimental procedures for investigating solar cooker
performance

Two different experimental procedures were adopted. During
the first procedure, no load was used, i.e., the cooking pot was
empty. The goal was to analyse the influence of as on the perfor-
mance of the solar cooker, expressed as the difference between the
air temperature inside the pot and the ambient temperature
(DTpot;a). The second procedure used water as a load inside each
cooking pot. The goal here was to determine the power of the solar
cooker under different operating conditions.

3.1. Influence of solar altitude angle on the performance of each
solar cooker configuration tested with empty pot

The dependence of temperature difference DTpot;a on as was
investigated experimentally by testing each cooker for values of as
ranging from 0� to 90�. The tests were performed during near
winter boreal solstice days when the maximum solar altitude angle
at noon was relatively low. Thus, to simulate the operation of the
cooker under a large range of solar altitude angles, each cooker was
placed on a flat wooden board and tested with different values of
the inclination angle b, as shown in Fig. 6. When the board is tilted
at angle b and the true solar altitude angle is as, this arrangement
simulates a solar altitude angle of b þ as. This new experimental
approach, incorporating the tilting board, is an improved version of
the method followed in Apaolaza-Pagoaga et al. [16] for testing
4

Copenhagen solar cookers. The authors’ previous study did not
cover the whole range of as from 0� to 90�, but, because the ex-
periments were conducted during the summer period, when the
noon sun is higher in the sky, the cookers were tested over a large
range of as. This is not possible during days of shorter length.

Even though it might appear that testing a cooker with an
empty pot does not correspond to every day practical use,
Apaolaza-Pagoaga et al. [16] have demonstrated that this procedure
provides valid and useful information for identifying the optimal
configuration of a cooker, also applicable when it is being operated
with a water load.

It is important to point out that the variations of wind speed
during each experiment must be imperative low. Otherwise, the
conducted test can not be considered valid. During the present
study, the measured wind speeds values were extremely low.

In this procedure, the tilted board was adjusted several times
during each test by making small changes to the angle b. The board
was maintained in the same position until the temperature inside
the pot tended to an asymptotic value. The duration of this time
period depends on the masses of the pot and the glass covers used
to produce the greenhouse effect. The change in angle b should be
small enough to get a relatively high number of data points during
the test. Each test could have been conducted from sunrise to solar
noon, or from solar noon to sunset. In the present study, the ex-
periments took place in the mornings because the test zone was in
shadow for the latter part of the afternoon. The test results, and a
discussion of them, can be found in section 5 of the present
document.

3.2. Determination of useful power for each solar cooker
configuration tested with loaded pot

The procedure adopted for determining the power of the two
configurations of the Haines 2 solar cooker was partly based on the
ASAE S580.1 standard [21]. The standard protocol requires cookers
to be tested with a load ratio of 7 kg m�2, which is a relatively high
value (unrealistic) compared with the usual loads seen in solar
panel cookers in daily use. For this reason, Ruivo et al. [22] have
adopted a load ratio of 4 kg m�2, which can be considered a me-
dium load ratio value. In another study, Apaolaza-Pagoaga et al. [16]
demonstrated that the mass of water and its filling level in the pot
influences the power obtained. So, in this work, tests were con-
ducted with two different values for the mass of water. The first
corresponds to a load ratio close to the value proposed by the
standard, and the second to the value adopted by Ruivo et al. [22].
The collecting area An;max of the BC of the Haines 2 solar cooker is
5% greater than the RC. Due to this small difference in An;max, the
same load mass was used to test both cooker configurations. This
means that the load ratio was not strictly equal in both configura-
tions, but the filling levels of water in each pot of the two cookers
tested side-by-side were equal. The adopted values are listed in
Table 1.

The standard [21] requires tests to be conducted only when the
following uncontrolled variables fall within defined limits: solar
irradiance, ambient temperature and wind speed. In this study, the
fluctuations of these variables were within the recommended
ranges. As an example, Fig. 7 shows the evolutions of these un-
controlled variables during the 143A test and how the solar altitude
angle varied during this test. It also shows the water temperature
within the pot. The top graph shows the global normal solar irra-
diance In, beam normal solar irradiance Ibn and solar altitude angle
as. The middle graph shows the ambient temperature Ta and the
load temperature Tw registered in each solar cooker configuration.
The wind speed va, measured every minute, is shown in the lower
part of the Fig. 7.



Table 1
Mass load and load ratios adopted in tests.

Case Mass load (kg) Load ratio (kg m�2)

Blue Configuration (BC) Red Configuration (RC)

Medium load 2.0 4.21 4.42
High load 3.5 7.37 7.74

Fig. 7. Temporal evolution of the different parameters of test 143A.

Fig. 6. Experimental simulation of variation in the solar altitude angle by changing the inclination of a flat board supporting the cooker.
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Data processing and power calculations followed the recom-
mendations of the ASAE S580.1 standard [21]. The average power
transferred to thewater in a time interval i of duration Dti ¼ 600 s is
calculated by:

_Qi ¼
mwcwDTw;i

Dti
(1)

where mw is the water mass, cw is the specific heat of water and D
5

Tw;i is the increase of water temperature in the time interval i. To
compare tests done on different days, the uncontrolled variable
global normal solar irradiance In is normalized for each interval i to
a value of 700 W m�2.

_QS;i ¼ _Qi
700
In;i

(2)

where In;i is the average of solar irradiance In during the time in-

terval i. As required by the standard, the standardised power _QS is
represented graphically as a function of the temperature difference
DTw;a by plotting a point for each time interval i. The parameter
DTw;a corresponds to the difference between the load temperature
and the ambient temperature. The standard specifies that the plot
must havemore than 30 points. Moreover, these points are used for
deriving a linear regression curve:

_QS ¼ _QS;0 þ aDTw;a (3)

According to the standard, for results to be valid, the coefficient
of determination R2 must be greater than 0.75. The reference power

value _QS;50 was introduced in the standard to compare the per-
formance of different designs of solar cookers when DTw;a ¼ 50 �C.
The power of the cooker at each point of the linear regression
expressed by Eq. (3) depends on the value of An;max and also on the
efficiency. The efficiency of any particular cooker design is depen-
dent on DTw;a [24,25]. When DTw;a ¼ 50 �C, the efficiency at this
intermediate point of the curve can be estimated by Ref. [16]:

h50 ¼
_QS;50

700An;max
(4)

The optical efficiency of a cooker is usually estimated for the
point where the thermal losses from the water to the surroundings
and ambient are null, i.e., when DTw;a ¼ 0 �C. Thus, the optical ef-
ficiency, represented by h0, can be estimated by:

h0 ¼
_QS;0

700An;max
(5)

The two efficiencies, h0 and h50, are important performance
indicators to be considered when analysing the effect of a cooker
design change on its performance.

To complete the methodology, statistical parameters deter-
mining the uncertainty of the linear regression are used: the pre-
diction intervals _QS;PI95% and the confidence intervals _QS;CI95% [22].
Results and discussion from these tests can be found in section 5.
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Water heating tests results obtained with the ASAE S580.1 procedure.
It is important to point out that the validity of assuming the

behaviour expressed by the linear regression curve expressed by
Eq. (3) is questionable for certain cooker designs [24,25].

4. Results of the testing solar cookers with empty pots

In this section, three tests were carried out performing
azimuthal adjustments each 20 min. The first test was done on
November 16, 2021, using the method presented by Apaolaza-
Pagoaga et al. [16], where the cooker is placed on a horizontal
surface as if in normal use, i.e., with b ¼ 0� (see Fig. 6). Conse-
quently, this approach can only be applied to investigate the impact
of the solar altitude angle on the performance of the cooker for a
limited range of as. As an example, for the latitude of Malaga-Spain
on 16th November, the maximum solar altitude angle as;max is just
35�. The results of this test, with b ¼ 0�, are shown by the contin-
uous lines in Fig. 8, for BC and RC. This test approach, based on
b ¼ 0�, could provide more useful information if it were carried out
on the longest day of the year. In the context of this study, its use
serves as a reference validated by Apaolaza-Pagoaga et al. [16] for
the method proposed in section 3.1 of the present document. The
second and third tests were made with the new procedure, one on
30th November and the other on December 1, 2021. The board
supporting each cooker was tilted several times during each test,
i.e., each test was conducted performing adjustments in the angle b.
Each time the board was tilted, with a variation of the angle Db, the
cooker was also azimuthally tracked. On November 30, 2021, a
variation of Db¼ 7.5� was adopted each 15min and on December 1,
2021, a variation of Db ¼ 10� was adopted each 30 min. The results
of these two tests are depicted in Fig. 8 in terms of the temperature
difference DTpot;a, but only the observations resulting from
measuring the air temperature inside the pot and the ambient
temperature at the end of each time interval are plotted.

Fig. 8 shows that for as <25�, the values of DTpot;a for both
configurations of the cooker are very low, meaning that this cooker
is not suitable for use at low sun elevations, i.e., close to sunrise or
Fig. 8. Dependence of temperature difference DTpot;a on the solar altitude angle for the
two cooker configurations.
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sunset. This is due to the shadowcaused by the front reflector of the
cooker in both configurations, as can be seen in Fig. 3. For 25�< as
<40�, the values of DTpot;a indicate that the performance of BC is
good, but the performance of RC is questionable, due to the shading
problem. For 40�< as <70�, it can be seen that the performance of
BC seems to be very good and the performance of RC seems to be
acceptable. For the range 70�< as <90�, it can be seen that the
performance of RC is better than the performance of BC. In this high
solar altitude range, the performance of the RC is almost constant,
but the performance of the BC decreases as the solar altitude angle
increases.
5. Results of testing solar cookers with water loaded pots

In this section, results of tests conducted with both configura-
tions, using water as load for b¼ 0� are presented. The standardised
power was evaluated for each configuration using a high load of
3.5 kg and a medium load of 2 kg of water as indicated in Table 1.

Two calibration experiments were performed, testing the two
cookers with the same configuration, pots loaded with 3.5 kg of
water, to check if they were providing the same results. In Exp. no.
129A, the two cookers were tested in RC under a high sun elevation
condition. In Exp. no. 160A, the cookers were tested in BC under a
low sun elevation condition. The results of the estimated stand-
ardised power for each cooker in both experiments indicate that

the difference in _QS;50 values between cooker H1 and cooker H2
were approximately 5 W. This means that both cookers provide
similar results and they can be used in side-by-side tests to inves-
tigate, for example, the best configuration for certain operating
conditions.

Fig. 9 shows the results of Exp. no. 159A, using 3.5 kg of water,
where the solar altitude angle ranged from 32� to 42�. The plotted
results corroborated the previous findings obtained from the
analysis of Fig. 8 for 25�< as <40�. From analysing Fig. 9, the
standardised power values of the linear regression for RC are very
low, the maximum value of DTw;a being just 36 �C. This means that
the maximum temperature achievable by the load in standardised
conditions is very low, and certainly insufficient for successful food

cooking. For this reason, the negative value _QS;50 ¼ -25.8 W obvi-
ously does not have any physical meaning.

Fig. 10 shows the results of Exp. no. 131A, using 3.5 kg of water,
and solar altitude angles ranging from 63� to 70�. At noon, as
reached its maximum value, as;max ¼ 70�. From Fig. 10, it can be
seen that, in the initial period of the experiment, the BC is more
efficient than the RC. In this experiment, it is observed that the
difference DTw;a ¼ 50 �C for both configurations occurs at
approximately the same time, i.e., when the solar altitude angle is
approximately 69e70�. At this point, the standardised power of BC
is just 0.5 W greater than the standardised power of RC. For the last
period of the experiment, where DTw;a >50 �C, both configurations
provide similar power values, because, during this period, the
changes in as are relatively small. It increases from 69� to a
maximum value of 70�.

Fig. 11 depicts the results of Exp. no. 143A, where solar altitude
angle ranged from 70� to 76�. In this experiment, each pot was
loaded with 3.5 kg of water. The solar altitude angle at noon was
as;max ¼ 76�. From Fig. 11, it can be seen that when the difference D
Tw;a is small, i.e., shortly after starting the experiments, both con-
figurations provide similar power values, but after that initial
period, due to high solar altitude angles, the RC is more efficient.

It is important to point out that these findings, obtained by
analysing the results plotted in Figs. 9e11, corroborate those ob-
tained from the analysis of the performance of cookers tested with
empty pots.



Fig. 9. Standardised power curves for both cooker configurations for Exp. no. 159A.

Fig. 10. Standardised power curves for both cooker configurations for Exp. no. 131A.
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The slopes of the different standardised power curves plotted in
Figs. 9e11 depend on the thermal resistance associated with heat
losses from the pot to the ambient, but also on the optical efficiency,
a parameter that is strongly dependent on as for both Haines 2 solar
7

cooker configurations. Despite the differences between the two
cooker configurations, the dependence of the heat transfer rate
associated with the thermal losses, on the difference DTw;a, is ex-
pected to be similar for both configurations.



Fig. 11. Standardised power curves for both cooker configurations for Exp. no. 143A.

Fig. 12. Standardised power curves from both cooker configurations for tests conducted with a water load of 3.5 kg.
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To evaluate the standardised power, using the standard ASAE
S580.1 protocol, the tests were repeated four times for the RC, and
three times for the BC. During these tests, the average as ranged
from 68� to 70�. For each configuration, more than 30 valid
8

observation points were collected and plotted in Fig. 12. The coef-
ficient of determination R2 was around 0.86. The values for the

confidence interval for the standardised power _QS;CI95%, and the

prediction interval for the standardised power _QS;PI95%, are similar
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in both cases, and of the same magnitude as those obtained in
previous works [16,22,26].

The set of experiments analysed above was conducted with pots
loaded with 3.5 kg of water, a high load ratio, close to the 7 kg m�2

value recommended by the ASAE S580.1 standard. In day to day
practical use, high load ratios require very long sunny periods for
successful cooking. Thus, by extending the experiment to include
lower load ratio values, that more closely resemble loads used in
Fig. 13. Standardised power curves for the Red Configuration f

Fig. 14. Standardised power curves for the Blue Configuration f

9

day to day cooking practice, and result in cooking times of two or
3 h, these results can be of practical value to real users. Experiments
with 2 kg of water were also performed, with both cooker config-
urations. Figs. 13 and 14 show the results obtained, using water
loads of 2 and 3.5 kg, for the RC, and the BC, respectively. The ex-
periments with these two configurations were conductedwhen the
average value of as ranged from 67� to 71�. A similar rangewas seen
during the experiments reported in Fig.12. By analysing Figs.13 and
rom tests conducted with water loads of 2 kg and 3.5 kg.

rom tests conducted with water loads of 2 kg and 3.5 kg.



Fig. 15. Standardised power for DTw;a ¼ 50 �C of the different panel cookers described
in the literature.
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14, it can be seen, as expected, that the value of the power variables
_QS;0 and _QS;50 decrease, due to the change in load mass from 3.5 kg

to 2 kg. The decreases in _QS;0, for the RC, and BC, are 17%, and 20%,

respectively, and the reductions in _QS;50, for the RC, and BC, are 21%,
and 26%, respectively. In spite of changes in the load mass, the
changes in the slope of the standardised power linear regression
Table 2
Testing report of tested configurations of the Haines 2 solar cooker.

Configuration Red Configuration (RC) Blue Configuration (BC)

Area An;max (m2) 0.452 0.475
Performance results for medium load ratio
Mass (kg) 2 2
as (�) 69e71 67e71

Power _QS;0 (W) 105.0 112.3

Power _QS;50 (W) 67.2 65.1

Efficiency h0 0.33 0.34
Efficiency h50 0.21 0.20
Performance results for high load ratio
Mass (kg) 3.5 3.5
as (�) 68e70 68e69

Power _QS;0 (W) 126.9 140.6

Power _QS;50 (W) 87.5 87.7

Efficiency h0 0.40 0.42
Efficiency h50 0.28 0.26

Table 3
Panel solar cookers performance data literature review.

Solar cooker model An;max (m2) _QS;0 (W)

HotPot [6] 0.287 106.4
Regattieri [27] 0.720 e

CooKit [13] 0.467 86.2
Copenhagen [16] 0.238 61.1
Haines 1 [13] 0.307 76.9
Haines 2 [13] 0.500 117.6
Funnel cooker [26] 0.500 106.3

10
curves are small. These results are consistent with those obtained
by testing the Copenhagen solar cooker [16]. With a lower load
ratio values, the unwetted area of the pot wall is larger, and this
leads to higher thermal losses, as the temperatures of dry surfaces
are significantly higher. When each pot is loaded with 3.5 kg of
water, the heights of the water, and of the air above the water, are
7.6 cm, and 2.9 cm, respectively, but for a water load of 2 kg, the
heights of the water and air layers are 4.5 cm, and 6.0 cm,
respectively.

6. Discussion of experimental results

Table 2 summarizes the performance results of the Haines 2
solar cooker water heating tests. Comparing these achieved results
with those published in the literature referred in Table 3, the ach-

ieved standardised power _QS;50 (87.7 W) is 6.9% higher than the
value reported by Solar Cooker International [13] (82 W) for ASAE
S.580.1 load ratio (7 kgm�2). One possible explanation is that the as
range is quite different, being 67e71� for this work and 39e40� for
SCI tests. Supporting this explanation is the fact that single exper-
iment Exp. no.159A was conducted for a solar altitude angle of 42�

and _QS;50 was 81.3 W, agreeing quite well with result from SCI [13].
Actually, this work shows that solar altitude angle clearly in-

fluences the cooker performance. From Fig. 8 (empty pot tests) and
Figs. 9e12 (water heating tests), it can be concluded that the
average value of as that provides maximum power is between 60�

and 70� for BC and between 70� and 75� for RC.
Additionally, it must be noted that, in present work, the

measured values of area An;max are slightly lower than the values
found in other reports [13,19]. The h50 parameter represents the
cooker efficiency when DTw;a ¼ 50 �C. The h50 values of most solar
panel cookers are between 0.12 and 0.23. The value of h50 ¼ 0.28,
achieved by RC with a high load ratio, warrants a ‘very good’ per-
formance classification, when compared with other solar panel
cookers. Analysing h0, a parameter that is closely related to optical
efficiency, the Haines 2 solar cooker achieved 0.40e0.42, values
higher than those of the other panel cookers, that lie in the range
0.26e0.37. The HotPot value, ho ¼ 0:53, seems to be an outlier. The
good optical performance of the Haines 2 solar cooker can be
attributed partly to the shape of its reflector, which approximates
the geometry of a deep parabola.

7. Conclusions and future research

In the present work, the performance parameters of the Haines
2 solar cooker have been comprehensively examined experimen-
tally, and fully described. Two identical cookers were tested side-
by-side. A special set of experimental tests, without loads, were
conducted mainly to investigate the optical performance of the
cooker, for the two reflector configurations established by the
manufacturer. A tilted plane device with variable inclination was
used to investigate the influence of the average value of the solar
altitude angle on the performance of the cooker, over the full range
_QS;50 (W) h0 (�) h50 (�)

25 0.53 0.12
83 e 0.16
58 0.26 0.18
30 0.37 0.18
41 0.36 0.19
82 0.34 0.23
82.3 0.30 0.23



Table A1
Haines 2 solar cooker test results (Exp. no. 129A, 130A, 131A, 132A).

Expt. no. 129A 130A 131A 132A

Day May 05, 2021 May 06, 2021 May 07, 2021 May 13, 2021

Cooker H1 H2 H1 H2 H1 H2 H1 H2
Configuration RC RC RC BC BC RC BC RC
Start time 10:40 10:40 10:15 10:15 10:15 10:15 10:15 10:15
End time 13:10 13:10 12:45 12:45 12:40 12:40 12:45 12:45
mw (kg) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
np 11 12 8 10 10 8 12 8

In (W m�2) 999 1001 1007 1003 1000 1001 1010 1009

Ibn (W m�2) 845 845 871 868 865 866 881 879
as (�) 68 68 69 68 68 69 69 70
Ta (�C) 22 23 25 24 27 27 28 29
va (m s�1) 0.9 0.9 0.5 0.7 0.1 0.1 0.6 0.5
_QS;50 (W) 83.1 78.8 90.6 92.3 92.1 90.6 79.0 88.5

_QS;0 (W) 125.1 124.3 136.2 148.2 151.2 125.6 132.4 121.7

a (W �C�1) �0.84 �0.91 �0.91 �1.12 �1.18 �0.70 �1.07 �0.66
R2 0.944 0.942 0.950 0.975 0.979 0.926 0.974 0.894
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0� to 90�. Results from these tests show that the BC of cooker is
better for solar altitude angles in the range 25� to 70�, whereas the
RC is advantageous above 70�, Fig. 8. When solar altitude angle is
below 25� (for example, in periods close to sunset and sunrise), the
Haines 2 solar cooker is not suitable for cooking. It would be
advisable to design a new reflector configuration to address this
limitation. The main modification would be to the front part of the
reflector, which blocks the sun's rays before they reach the cooking
pot.

A large set of 34 heating tests, with water as the load, were
conducted, based partly on the ASAE S580.1 protocol. Two different
load levels (3.5 and 2 kg) were investigated, for a wide range of the
average solar altitude angle, for both reflector configurations. The
results of some of these tests were used to investigate which
reflector configuration is better for a particular solar altitude angle
range, in this case with a load. For example, test Exp. no. 159A
(Fig. 9) shows that RC was out of range for a solar altitude angle
around 40�, as was expected based on the optical performance test
results. In the same fashion, tests in Figs. 10 and 11 corroborate the
finding that both configurations perform similarly for a solar alti-
tude angle of around 70�, and that performance of RC is clearly
better for higher solar altitude angles. All the results of tests using a
water load are consistent with the previous results of tests using an
empty pot. Therefore, the tilted plane empty pot test procedure is a
promising approach for quickly estimating the influence of the
solar altitude angle on cooker performance. Given the notable in-
fluence that solar altitude angle can have on some types of cookers,
(e.g. panel solar cookers) the possibility of including this type of test
in a future version of the ASAE Standard protocol should be
considered. Using this method, optimal solar altitude angle ranges
for a particular model could be readily identified. This information
would be useful for practical users, designers, and researchers who
intend to carry out performance tests.

A subset of tests with water loads was used to determine the
standardised cooker power, based on the ASAE S580.1 protocol,
Fig. 12. The solar altitude angle of this subset is around 70�, because
that represents a good working point for both configurations, see
Fig. 8. The standardised power values obtained for the high load
tests (3.5 kg) were 87.5 W (RC) and 87.7 W (BC), slightly higher (7%)
than the SCI value published previously, which was 82 W, tested at
a solar altitude angle of 40�. This difference is consistent with the
argument set out above about the influence of the solar altitude
angle. Indeed, some individual tests with the solar altitude angle
around 40� (e.g. Exp. no. 157A and 159A) match the results from SCI
[13].

Regarding the influence of a partial load, tests results (as in the
range of 67�-71�) indicate that the standardised power _QS;50 de-
creases 21% (RC) and 26% (BC), when the load mass is reduced from
3.5 kg to 2 kg. This effect has been observed previously in other
panel cookers, such as the Copenhagen cooker [16]. This is a major
impact on performance. A future version of the ASAE Standard
should consider the filling level of the pot. This information is also
useful for practical users who want to get the most power from the
cooker. As a general conclusion, the results presented in this work
provide a complete characterization of the performance of the
Haines 2 solar cooker in a wide range of operating conditions of
practical interest.
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Appendix A. Data from all tests conducted with high and
medium water load ratios

In this appendix, detailed information from all the tests con-
ductedwith awater load is presented in table format. The start time
and end time of each test are given in solar time. The values of

power _QS;50 are not indicated in some tests because the water did
not achieve a point where DTw;a ¼ 50 �C. Tables A1, A2, A3, A4 and
A5 show data and output performance results from several sets of
experiments conductedwith the pot loaded to a high load ratio, i.e.,
with 3.5 kg of water, and to a medium load ratio, i.e., with 2 kg of
water.



Table A2
Haines 2 solar cooker test results (Exp. no. 134A, 134B, 137A, 142A).

Expt. no. 134A 134B 137A 142A

Day May 19, 2021 May 19, 2021 May 25, 2021 Jul 12, 2021

Cooker H1 H1 H2 H1 H2 H1 H2
Configuration BC BC RC BC RC BC RC
Start time 10:15 12:35 12:35 11:00 11:00 10:30 10:30
End time 11:55 13:55 13:55 12:20 12:20 13:00 13:00
mw (kg) 2.0 2.0 2.0 2.0 2.0 3.5 3.5
np 8 7 7 6 7 12 7

In (W m�2) 1020 974 974 980 984 1004 1006

Ibn (W m�2) 858 781 781 810 815 858 860
as (�) 70 65 65 73 73 74 75
Ta (�C) 23 24 24 27 27 30 30
va (m s�1) 1.6 2.3 2.3 0.5 0.4 0.5 0.4
_QS;50 (W) 58.5 57.6 42.1 79.0 63.2 71.2 91.7

_QS;0 (W) 106.0 102.1 99.9 121.4 101.7 126.8 139.7

a (W �C�1) �0.95 �0.87 �1.15 �0.85 �0.77 �1.11 �0.96
R2 0.963 0.755 0.883 0.891 0.933 0.988 0.992

Table A3
Haines 2 solar cooker test results (Exp. no. 143A, 144A, 145A, 146A).

Expt. no. 143A 144A 145A 146A

Day Jul 06, 2021 Jul 08, 2021 Jul 12, 2021 Jul 13, 2021

Cooker H1 H2 H1 H2 H1 H2 H1 H2
Configuration BC RC RC BC RC BC BC RC
Start time 10:30 10:30 10:30 10:30 12:25 12:25 10:00 10:00
End time 13:00 13:00 12:30 12:30 14:00 14:00 11:45 11:45
mw (kg) 3.5 3.5 2.0 2.0 2.0 2.0 2.0 2.0
np 12 8 7 8 7 4 7 6

In (W m�2) 981 982 965 963 940 937 975 979

Ibn (W m�2) 835 835 796 792 731 728 811 813
as (�) 74 74 75 75 69 67 67 70
Ta (�C) 37 37 30 30 41 41 31 31
va (m s�1) 0.5 0.5 1.1 1.1 0.6 0.6 0.9 0.9
_QS;50 (W) 56.8 89.3 73.6 52.0 58.1 74.9 71.6 72.6

_QS;0 (W) 130.6 133.7 113.9 105.8 103.8 98.3 123.5 102.7

a (W �C�1) �1.48 �0.89 �0.81 �1.08 �0.91 �0.47 �1.04 �0.60
R2 0.980 0.940 0.931 0.992 0.959 0.965 0.931 0.871

Table A5
Haines 2 solar cooker test results (Exp. no. 162A, 163A, 164A).

Expt. no. 162A 163A 164A

Date Nov 09, 2021 Nov 10, 2021 Nov 11, 2021

Cooker H1 H1 H1
Configuration BC BC BC
Start time 10:00 10:00 10:00
End time 13:20 13:20 12:00
mw (kg) 3.5 3.5 3.5
np 12 14 6

In (W m�2) 946 948 952

Ibn (W m�2) 869 867 857
as (�) 36 35 35
Ta (�C) 23 22 21
va (m s�1) 0.0 0.7 0.7
_QS;50 (W) 76.0 66.8 75.0

_QS;0 (W) 116.6 125.1 102.4

a (W �C�1) �0.81 �1.17 �0.55
R2 0.910 0.929 0.947

Table A4
Haines 2 solar cooker test results (Exp. no. 146B, 157A, 159A, 160A).

Expt. no. 146B 157A 159A 160A

Day Jul 13, 2021 Oct 15, 2021 Oct 22, 2021 Nov 05, 2021

Cooker H1 H2 H1 H2 H1 H2 H1 H2
Configuration BC RC RC BC BC RC BC BC
Start time 12:10 12:10 11:05 11:05 11:00 11:00 10:40 10:40
End time 13:35 13:35 14:00 14:00 14:00 14:00 14:00 14:00
mw (kg) 2.0 2.0 3.5 3.5 3.5 3.5 3.5 3.5
np 7 7 13 9 10 15 16 14

In (W m�2) 967 967 953 957 972 946 981 985

Ibn (W m�2) 800 800 855 861 876 847 905 909
as (�) 71 71 42 44 42 38 36 37
Ta (�C) 31 31 28 27 29 29 21 21
va (m s�1) 0.8 0.8 0.1 0.2 0.1 0.1 0.4 0.4
_QS;50 (W) 68.6 66.4 e 84.6 81.3 e 64.1 69.5

_QS;0 (W) 94.9 118.7 65.1 143.5 124.1 66.7 131.6 124.3

a (W �C�1) �0.53 �1.05 �1.30 �1.18 �0.86 �1.85 �1.35 �1.10
R2 0.936 0.970 0.890 0.882 0.960 0.912 0.885 0.919
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Appendix B. Standardised power plots of tests conducted
with high and medium water load ratios

In this appendix, plots of all valid observation points that
12
characterize the cooker performance according to standard ASAE
S580.1 are presented. The colour of each point represents the solar
altitude angle associated with the respective time interval Dti.
adopted in the calculation of standardised power. Figs. B1 and B2
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depict the cooker performance of Red Configuration and Blue
Configuration, respectively, when tested with 3.5 kg of water.
Fig. B1. Plots of cooker performance of Red C

Fig. B2. Plots of cooker performance of Blue C

13
Figs. B3 and B4 depict the cooker performance of Red Configuration
and Blue Configuration, respectively, when testedwith 2 kg of water.
onfiguration tested with 3.5 kg of water.

onfiguration tested with 3.5 kg of water.



Fig. B3. Plots of cooker performance of Red Configuration tested with 2 kg of water.

Fig. B4. Plots of cooker performance of Blue Configuration tested with 2 kg of water.

X. Apaolaza-Pagoaga, A. Carrillo-Andr�es and C.R. Ruivo Energy 257 (2022) 124730
References

[1] Aramesh M, Ghalebani M, Kasaeian A, Zamani H, Lorenzini G, Mahian O,
Wongwises S. A review of recent advances in solar cooking technology. Renew
Energy 2019;140:419e35. https://doi.org/10.1016/j.renene.2019.03.021.

[2] Panwar NL, Kaushik SC. Surendra Kothari, State of the art of solar cooking: an
14
overview. Renew Sustain Energy Rev 2012;16:3776e85. https://doi.org/
10.1016/j.rser.2012.03.026.

[3] Cuce E, Cuce PM. A comprehensive review on solar cookers. Appl Energy
2013;102:1399e421. https://doi.org/10.1016/j.apenergy.2012.09.002.

[4] Lentswe K, Mawire A, Owusu P, Shobo A. A review of parabolic solar cookers
with thermal energy storage. Heliyon 2021;7. https://doi.org/10.1016/
j.heliyon.2021.e08226.

https://doi.org/10.1016/j.renene.2019.03.021
https://doi.org/10.1016/j.rser.2012.03.026
https://doi.org/10.1016/j.rser.2012.03.026
https://doi.org/10.1016/j.apenergy.2012.09.002
https://doi.org/10.1016/j.heliyon.2021.e08226
https://doi.org/10.1016/j.heliyon.2021.e08226


X. Apaolaza-Pagoaga, A. Carrillo-Andr�es and C.R. Ruivo Energy 257 (2022) 124730
[5] Kumaresan G, Santosh R, Raju G, Velraj R. Experimental and numerical
investigation of solar flat plate cooking unit for domestic applications. Energy
2018;157:436e47. https://doi.org/10.1016/j.energy.2018.05.168.

[6] Ebersviller SM, Jetter JJ. Evaluation of performance of household solar cookers.
Sol Energy 2020;208:166e72. https://doi.org/10.1016/j.solener.2020.07.056.

[7] Sagade AA, Samdarshi SK, Sagade NA, Panja PS. Enabling open sun cooling
method-based estimation of effective concentration factor/ratio for concen-
trating type solar cookers. Sol Energy 2021;227:568e76. https://doi.org/
10.1016/j.solener.2021.09.035.

[8] Sagade AA, Apaolaza-Pagoaga X, Rodrigues Ruivo C, Carrillo-Andr�es A.
Concentrating solar cookers in urban areas: establishing usefulness through
realistic intermediate temperature rating and grading. Sol Energy 2022;241:
157e66. https://doi.org/10.1016/j.solener.2022.06.007.

[9] Harmim A, Belhamel M, Boukar M, Amar M. Experimental investigation of a
box-type solar cooker with a finned absorber plate. Energy 2010;35:
3799e802. https://doi.org/10.1016/j.energy.2010.05.032.

[10] Kumar N, Vishwanath G, Gupta A. An exergy based test protocol for truncated
pyramid type solar box cooker. Energy 2011;36:5710e5. https://doi.org/
10.1016/j.energy.2011.06.046.

[11] Al-Nehari HA, Mohammed MA, Odhah AA, Al-attab KA, Mohammed BK, Al-
Habari AM, Al-Fahd NH. Experimental and numerical analysis of tiltable box-
type solar cooker with tracking mechanism. Renew Energy 2021;180:954e65.
https://doi.org/10.1016/j.renene.2021.08.125.

[12] Hosseinzadeh M, Faezian A, Mirzababaee SM, Zamani H. Parametric analysis
and optimization of a portable evacuated tube solar cooker. Energy 2020;194:
116816. https://doi.org/10.1016/j.energy.2019.116816.

[13] Test Results, Solar Cookers Int. https://www.solarcookers.org/work/research/
results (Accessed 7 March 2022).

[14] Carrillo-Andr�es A, Apaolaza-Pagoaga X, Rodrigues Ruivo C, Rodríguez-
García E, Fern�andez-Hern�andez F. Optical characterization of a funnel solar
cooker with azimuthal sun tracking through ray-tracing simulation. Sol En-
ergy 2022;233:84e95. https://doi.org/10.1016/j.solener.2021.12.027.

[15] Apaolaza-Pagoaga X, Sagade AA, Rodrigues Ruivo C, Carrillo-Andr�es A. Per-
formance of solar funnel cookers using intermediate temperature test load
under low sun elevation. Sol Energy 2021;225:978e1000. https://doi.org/
10.1016/j.solener.2021.08.006.
15
[16] Apaolaza-Pagoaga X, Carrillo-Andr�es A, Ruivo C. Experimental thermal per-
formance evaluation of different configurations of Copenhagen solar cooker.
Renew Energy 2022;184:604e18. https://doi.org/10.1016/
j.renene.2021.11.105.

[17] Solar Cookers International. Solar Cooker Designs. https://solarcooking.
fandom.com/wiki/Category:Solar_cooker_designs (Accessed 7 Mar 2022).

[18] E. Pejack, Optical Properties of the Cookit Solar Cooker, Proceedings of the
2006 Solar Cookers International Conference 2006, Granada, Espa~na, http://
solarcooking.org/Granada06/133_ed_pejack.pdf.

[19] Performance Data, Solar Household Energy. https://www.she-inc.org/?page_
id¼2754 (Accessed 7 March 2022).

[20] Technical report no. TR-10, Solar Household Energy, Inc., (Jun 7, 2017).
[21] ASAE S580.1 NOV2013. Testing and reporting solar cooker performance.

Michigan, USA: American Society of Agricultural Engineers; 2013.
[22] Ruivo C, Carrillo-Andr�es A, Apaolaza-Pagoaga X. Experimental determination

of the standardised power of a solar funnel cooker for low sun elevations.
Renew Energy 2021;170:364e74. https://doi.org/10.1016/
j.renene.2021.01.146.

[23] Duffie JA, Beckman WA. Solar engineering of thermal processes. fourth ed.
Willey; 2013.

[24] Ruivo C, Apaolaza-Pagoaga X, Di Nicola G, Carrillo-Andr�es A. On the use of
experimental measured data to derive the linear regression usually adopted
for determining the performance parameters of a solar cooker. Renew Energy
2021;181:105e15. https://doi.org/10.1016/j.renene.2021.09.047.

[25] Ruivo C, Apaolaza-Pagoaga X, Coccia G, Carrillo-Andr�es A. Proposal of a non-
linear curve for reporting the performance of solar cookers. Renew Energy
2022;191:110e21. https://doi.org/10.1016/j.renene.2022.04.026.

[26] Apaolaza-Pagoaga X, Carrillo-Andr�es A, Ruivo C. New approach for analysing
the effect of minor and major solar cooker design changes: influence of height
trivet on the power of a funnel cooker. Renew Energy 2021;179:2071e85.
https://doi.org/10.1016/j.renene.2021.08.025.

[27] Regattieri A, Piana F, Bortolini M, Gamberi M, Ferrari E. Innovative portable
solar cooker using the packaging waste of humanitarian supplies. Renew
Sustain Energy Rev 2016;57:319e26. https://doi.org/10.1016/
j.rser.2015.12.199.

https://doi.org/10.1016/j.energy.2018.05.168
https://doi.org/10.1016/j.solener.2020.07.056
https://doi.org/10.1016/j.solener.2021.09.035
https://doi.org/10.1016/j.solener.2021.09.035
https://doi.org/10.1016/j.solener.2022.06.007
https://doi.org/10.1016/j.energy.2010.05.032
https://doi.org/10.1016/j.energy.2011.06.046
https://doi.org/10.1016/j.energy.2011.06.046
https://doi.org/10.1016/j.renene.2021.08.125
https://doi.org/10.1016/j.energy.2019.116816
https://www.solarcookers.org/work/research/results
https://www.solarcookers.org/work/research/results
https://doi.org/10.1016/j.solener.2021.12.027
https://doi.org/10.1016/j.solener.2021.08.006
https://doi.org/10.1016/j.solener.2021.08.006
https://doi.org/10.1016/j.renene.2021.11.105
https://doi.org/10.1016/j.renene.2021.11.105
https://solarcooking.fandom.com/wiki/Category:Solar_cooker_designs
https://solarcooking.fandom.com/wiki/Category:Solar_cooker_designs
http://solarcooking.org/Granada06/133_ed_pejack.pdf
http://solarcooking.org/Granada06/133_ed_pejack.pdf
https://www.she-inc.org/?page_id=2754
https://www.she-inc.org/?page_id=2754
https://www.she-inc.org/?page_id=2754
http://refhub.elsevier.com/S0360-5442(22)01633-4/sref21
http://refhub.elsevier.com/S0360-5442(22)01633-4/sref21
https://doi.org/10.1016/j.renene.2021.01.146
https://doi.org/10.1016/j.renene.2021.01.146
http://refhub.elsevier.com/S0360-5442(22)01633-4/sref23
http://refhub.elsevier.com/S0360-5442(22)01633-4/sref23
https://doi.org/10.1016/j.renene.2021.09.047
https://doi.org/10.1016/j.renene.2022.04.026
https://doi.org/10.1016/j.renene.2021.08.025
https://doi.org/10.1016/j.rser.2015.12.199
https://doi.org/10.1016/j.rser.2015.12.199

	Experimental characterization of the thermal performance of the Haines 2 solar cooker
	1. Introduction
	2. Experimental setup
	3. Experimental procedures for investigating solar cooker performance
	3.1. Influence of solar altitude angle on the performance of each solar cooker configuration tested with empty pot
	3.2. Determination of useful power for each solar cooker configuration tested with loaded pot

	4. Results of the testing solar cookers with empty pots
	5. Results of testing solar cookers with water loaded pots
	6. Discussion of experimental results
	7. Conclusions and future research
	Credit author statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A. Data from all tests conducted with high and medium water load ratios
	Appendix B. Standardised power plots of tests conducted with high and medium water load ratios
	References


