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Abstract: This study aims to provide information and theoretical support for the development
planning of facility agriculture in desert areas. Using sensor monitoring, USB cable, and computer
connection record, we measured the temperature, humidity, and heat transfer distribution of ordinary
brick wall greenhouse (G1), composite wall greenhouse (G2), and assembled solar greenhouse (G3)
in the Aksu desert area of Xinjiang. The results showed that G3 had the highest average temperature
among the three types of greenhouses in the cold season; no difference was detected between G1 and
G2 in the night temperature, while G3 has the characteristics of fast heating and cooling. On a sunny
day, the heating rate of G1, G2, and G3 is 3.62, 4.4, and 4.77 ◦C/h, respectively. The cooling rate for G1
is 2.66 ◦C/h; 2.96 ◦C/h for G2; and 3.93 ◦C/h for G3. The heating rate for each greenhouse is nearly
identical when it is cloudy outside, and the cooling rate of G1, G2, and G3 is 2.71, 4.2, and 4.34 ◦C/h,
respectively. Moreover, the G3 north wall’s thermal insulation performance has clear advantages. Its
wall surface can reach a temperature of 59.1 ◦C (G1 is 42.7 ◦C and G2 is 41.6 ◦C). This study showed
that G3 possesses the virtues of effective thermal insulation; the rear wall has a small footprint and
preserves the arable land; it also achieves the necessary environmental conditions for crop growth
without the use of auxiliary heating.

Keywords: solar greenhouse; north wall; light and thermal environment; assembled solar greenhouse

1. Introduction

About 13.36% of the earth’s surface is composed of deserts, including the Gobi
Desert [1–4]. Northwest China is a large region with a wealth of untapped resources
in uncultivated soil. Xingjiang belongs to the temperate continental climate, the temper-
ature difference between day and night is large, but the sunshine time is sufficient, with
little precipitation, and dry climate. Despite constituting 1/6th of China’s total land area, it
severely lacks resources for land cultivation (Figure 1). Xinjiang has a per capita cultivated
land area of just 0.2 hm2 [5]. This continuously encourages the expansion of facility agri-
culture in Xinjiang to uncultivated land, such as the Gobi, saline-alkali, and desert land.
One of the critical solutions to the lack of rigidity of cultivated land resources in our area
has been to find ways to enhance the usage of non-cultivated land resources. This has also
become an essential strategy for promoting the sustainable growth of facility agriculture in
Xinjiang [6].

Chinese solar greenhouse (CSG) is used to grow plants in the winter without any
ancillary heating, as it is cheap and an efficient way to protect crops from the elements.
Covered and uncovered thermal blankets are used to lessen the heat released to the envi-
ronment. A south roof is made of plastic, glass, or other material. The north wall stores
heat during the day and releases it at night (Figure 2) to raise the temperature and avoid
low temperatures. In China, there are several types of greenhouses. CSGs have created
new opportunities for the horticulture business [7]. Rapid urbanization has improved the
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quality of life, socioeconomic development, and other areas. In addition, it directly disrupts
the original pattern of the cultivated land, and the cultivated land area is occupied [8].
Due to the factors above, the CSG construction area has grown annually. Moreover, CSGs
have specific production and operational advantages depending on the local climate and
environment, in addition to a wide range of structural variations depending on the locale.
The wall structure and building materials of CSGs are varied, with noticeable differences [9].
This has a considerable impact on the light and thermal environment of the CSG. In order
to further improve the thermal performance of the greenhouse and tap the potential of
the north wall, Liu et al. analyzed four passive heat storage north walls based on CFD.
The results show that the heat storage capacity of the north wall is affected by the surface
structure and is directly related to the thermal environment of the solar greenhouse [10]. In
addition to the optimization of wall materials, a lot of research has been carried out in terms
of ridge position ratio, rear roof projection width, north wall height and thickness [11–13]. It
is found that the thermal environment of solar greenhouse is closely related to these factors.
Therefore, studying the light and temperature performance of various CSG types is crucial,
similar to choosing the most cost-effective CSGs that fit the local production demands for
promotion and demonstration to increase the planting efficiency of the greenhouses across
diverse locations.
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Figure 1. Schematic of the desert and sandy land areas in China.

Since they can provide a suitable climate for the growth of crops, which is unique in
agricultural development, CSGs are ideal for development and exploitation in non-arable
places. A poor land usage rate has been recorded, and the cultivated land has suffered
irreparable harm. In uncultivated soil with delicate biological conditions, the conventional
north wall is inapplicable. The internal ambient microclimate of various greenhouses has
been thoroughly analyzed and compared to previous studies, with a primary emphasis on
the wall materials of CSGs and their heat preservation capabilities [14–21]. Although the
performance of the wall in terms of heat storage and preservation is partial and reflected
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from various angles, the wall’s ability to transfer heat under complex environmental
conditions makes it impossible to evaluate the environment in a greenhouse solely based
on the wall’s performance. This study measures the Xinjiang desert region’s three typical
CSG structural properties and environmental performance. The CSG was summarized by
field research and parameter comparison; vegetable production during the winter can be
accomplished without supplemental heating. It offers a theoretical framework for choosing
an appropriate CSG for the Xinjiang desert region.
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Figure 2. Internal views of CSG.

2. Material and Methods
2.1. Overview of the CSGs

G1 is a south-facing brick construction, with a north-south span of 9 m, an east and
west length of 75 m each, a height of 4 m, a north wall height of 2.5 m, and a thickness
of 60 cm. G2 is a south-facing construction. The north-south span is 10 m, the east-west
span is 72 m, the ridge height is 5.2 m, and the height for the north wall is 4 m. Brick and
benzene board constitute the north wall, which is 50 cm thick (20 cm bricks, 10 cm benzene
boards, and 20 cm bricks). G3 is made up of galvanized steel pipes and polyester wadding,
and is south-facing; the north-south span is 12 m, the east-west span is 72 m, its height is
5.2 m, and its north wall’s height is 4 m (Figure 3).
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During testing, the transmittance of the three greenhouses, including the plastic film
covering material, seemed consistent. Solanaceous vegetables are the main crop cultivated
in the greenhouse using drip irrigation. On sunny days, the thermal blanket is rolled up at
10:00 a.m. and rolled down at 19:30. On cloudy days, it is rolled up at 11:00 a.m. and rolled
down at 17:30 to reduce heat loss at night. Throughout the whole manufacturing process,
there is no auxiliary heating or ventilation in the greenhouse.

2.2. CSG Environment Monitoring
2.2.1. Test Contents

From January–March 2022, the greenhouse underwent environmental monitoring.
The main environmental variables, such as soil and wall temperatures, humidity, solar
radiation, and heat transfer, were measured through the envelope. The data were recorded
at 10-min intervals at all measuring points.

2.2.2. Test Equipment

The PDE-RI temperature data recorder (Harbin Wage Electronic Technology Co.,
Ltd., Heilongjiang, China, temperature measuring range: 20–60 ◦C, accuracy: 0.5 ◦C,
resolution: 0.1 ◦C) was used to record the data on air temperature, humidity, and soil
temperature. The PDE-RI environmental data recorder (measurement range: 0–2000 W/m2,
accuracy 3%, resolution 1 W/m2) was used to capture the solar radiation. Use TNRL-20
soil heat flux sensor (sensitivity coefficient: 23.26 W/m2) to measure the heat flow through
the enclosure construction (The Jinzhou Tiannuo Environmental Instrument Co., Ltd.,
Liaoning, China) [22].

2.2.3. Layout of Measuring Points

The temperature and humidity measurement points are located in the length direction
1/2 and span direction 1/2 of the indoor greenhouse (shown in Figure 4), with the height
of 1.5 m, 1 m, and 0 m; the outdoor distance from the front of the greenhouse is 2 m and the
height is 1.5 m. The measuring points of soil temperature are located in 1/2 of the length
direction and 1/2 of the span direction of the indoor greenhouse. The measuring depth
is 50 cm, and the distance between each measuring point is 10 cm, the measuring points
were set in the vertical direction, 0, 10, 20, 30, 40, and 50 cm away from the soil surface.
The temperature measurement point of the wall is located at 1/2 of the north wall, with a
height of 1.5 m.

2.3. Statistical Analyses

An analysis of the heating and cooling rate is a crucial starting point for assessing the
thermal environment of north walls. The following are the steps involved in calculating
the heating and cooling rates [23]:

kTup =

∣∣∣Tstart(up) − Tend(up)

∣∣∣
∆tup

(1)

kTdown =

∣∣∣Tstart(down) − Tend(down)

∣∣∣
∆tdown

(2)

where kTup is the daily heating rate of the greenhouse, ◦C/h; kTdown is the cooling rate of
the greenhouse, ◦C/h; Tstart(up) and Tend(up) are the starting and ending temperatures, ◦C;
Tstart(down) and Tend(down) are the initial temperature and end temperature of the cooling
stage, ◦C; ∆tup is the heating time, h; ∆tdown is the cooling time, h.
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3. Results and Analysis

Three greenhouses were tested between January and March on typical sunny days
(28 January, 20 February and 31 March 2022) to examine the internal environmental
changes.

3.1. CSG Environment Change Analysis
3.1.1. Variation in Solar Radiation

As shown in Figure 5, outdoor solar radiation is greater than indoor. The variation
follows a consistent pattern. As the month progresses, solar radiation increases significantly.
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Figure 5. Variation in solar irradiation on typically bright days between January and March.
(a) 28 January 2022. (b) 20 February 2022. (c) 31 March 2022.

We screened out the typical sunny days each month (Figure 5). On January 28, the
daytime average solar radiation of G1 was an average of 242 W/m2, G2 was 247.1 W/m2,
and G3 was 146.4 W/m2; on February 20, it was 281.8 W/m2 for G1, 290 W/m2 for G2, and
159.2 W/m2 for G3; On March 31, it was 308.3, 316.8 W/m2, and 204.7 W/m2 for G1, G2,
and G3, respectively. According to the results, G3 received the least amount of solar energy,
and G1 and G2 barely differed.

3.1.2. Variation in Temperature

Temperature is a significant environmental component influencing plant productivity
and distribution. It is a crucial index to evaluate the thermal environment. Temperature
fluctuations of each greenhouse, indoors and outdoors under typical sunny conditions, are
shown in Figure 6. The G3 greenhouse had a better insulation effect compared to the other
two greenhouses because of its minor temperature fluctuations and sluggish response to
temperature changes. Thus, G3 always had a warmer daytime temperature than G1 and
G2.
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On January 28, the daytime temperatures in the greenhouses were as follows: 25.7 ◦C
in G1, 21.7 ◦C in G2, and 25.9 ◦C in G3. On February 20, G1, G2, and G3 had an average
daytime temperature of 27.1 ◦C, 25.1 ◦C, and 25.2 ◦C, respectively. On March 31, the
temperatures were 30.9 ◦C, 29.3 ◦C, and 31.5 ◦C in G1, G2, and G3, respectively. The
minimum temperature at night is one key indicator while evaluating the benefits of the
greenhouse environment. On January 28, the extreme minimum temperature in G1 was
8.8 ◦C, 7.7 ◦C in G2, and 7.5 ◦C in G3. On February 20, the lowest temperatures recorded
were 10.7 ◦C in G1, 9.9 ◦C in G2, and 9.9 ◦C in G3, while these were 17.5 ◦C in G1, 16.3 ◦C
in G2, and 16.1 ◦C in G3 on 31 March 2022.

Since the essence of convective heat transfer is the difference in air density, when
the temperature difference is slight, air heat transfer occurs more quickly and efficiently.
An uneven temperature distribution hinders plant growth in a CSG. On sunny days, the
temperature difference between the measuring points of 0–1 m was as follows: G1 0.779 ◦C,
G2 0.685 ◦C, and G3 1.076 ◦C, while on cloudy days, G1 was 0.833 ◦C, G2 was 0.808 ◦C, and
G3 was 1.039 ◦C. Thus, although G3 has clear temperature advantages, its thermal stability
is less than that of G1 and G2.

3.1.3. Variation in Humidity

The humidity of the indoor air is a crucial meteorological factor for assessing the
microclimate in greenhouses. Crop production benefits from an appropriate humidity level
are also evaluated.

Figure 7 shows how indoor relative humidity varies on sunny days throughout the year.
The three experimental CSGs’ average relative humidity was funnel-shaped during the
day and stayed above 85% for most of the time. When the thermal blanket was uncovered,
the humidity declined rapidly with rising temperature. Conversely, the humidity rose
progressively at night after the blanket was covered due to the drop in temperature. G3
had marginally greater humidity than G1 and G2. Because of less solar radiation, the
humidity also rose significantly on cloudy days. When the ventilation opening closes, plant
respiration releases water, resulting in a drop in temperature and an increase in humidity.
Consequently, the dry north wall absorbs the internal water. Thus, dehumidification is
essential during the production process in G3 to prevent disease outbreaks on the plant
caused by high humidity.
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3.2. CSG Performance Analysis

Because the temperature rate, wall surface temperature, and soil thermal performance
have similar trends across months, we selected only typical sunny days (20 February 2022) and
cloudy days (18 February 2022) in the same month for examination in the follow-up study.
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3.2.1. Temperature Variation Rate in CSGs

The temperatures of the three CSGs peaked at different times. The maximum tem-
perature of G1 on sunny days was 33.7 ◦C at 17:50. At 15:00, G2 achieved its highest
temperature of 35.7 ◦C, while at 15:10, G3 reached its highest temperature of 39.3 ◦C. G1
reached its maximal temperature of 29.4 ◦C at 15:00 on cloudy days, while G2 had its
highest temperature of 29.9 ◦C at 15:30, and G3 reached its maximum temperature at 16:10.
The heating rates of the three CSGs were determined to be 3.62, 4.4, and 4.77 ◦C/h for G1,
G2, and G3, respectively. According to the statistics, G3 heats the fastest once the heat
preservation is turned off, followed by G2 and G1. The rate of heating in each greenhouse
hardly varies on cloudy days. The temperature gradually started to drop when the peak
interior temperature was reached. Under normal sunny conditions, G1 cooled down at
a rate of 2.66 ◦C/h, G3 at 3.93 ◦C/h, and G2 at 2.96 ◦C/h. On cloudy days, G1 cooled at
a rate of 2.71 ◦C/h, G2 at 4.2 ◦C/h, and G3 at 4.34 ◦C/h. The quickest cooling rate was
observed in G3.

3.2.2. Temperature Variation in the Wall Surface of CSG

The north wall absorbs and stores the extra heat produced during the day, and at night,
when the temperature drops sufficiently, the north wall transmits the heat accumulated to
the greenhouse through a heat exchange. The wall heat flux variations of each greenhouse
in the image can be noticed. The G3’s wall heat flux change is unique in that it scarcely
releases heat into the space at night (Figure 8). Since G3 does not have a north wall to
store heat, there is no daytime heat buildup. Around 16:00 in cloudy weather, a tiny
amount of heat accumulated by thermal radiation is released due to the greenhouse’s
high temperature.
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ruary 2022). (b) Cloudy day (18 February 2022). 
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Figure 8. Wall surface temperature variation of CSGs under typical weather. (a) Sunny day
(20 February 2022). (b) Cloudy day (18 February 2022).

Figure 8 illustrates how the north wall’s surface temperature variation is steadier
on gloomy days than on sunny days. The assembled CSGs’ wall temperature is the
highest, with a rapid heating rate. Under cloudy conditions, the maximum temperature
of the G1, G2, and G3 wall surfaces was 23.7, 27.3, and 31 ◦C, respectively. Compared to
other greenhouses, the G3 daytime wall’s surface temperature was significantly higher
in sunny conditions, reaching 59.1 ◦C (G1 was 42.7 ◦C and G2 was 41.6 ◦C). One of the
factors contributing to G3’s outstanding heat transfer efficiency was that after the heat
preservation blanket was covered, the wall temperature dropped quickly, and the wall
surface temperature in the three CSGs stayed the lowest at night. Since the greenhouse
lacks a north wall that serves as a significant heat storage structure, the wall primarily
receives heat by conduction when the insulation blanket is uncovered. The energy transfer
inside the greenhouse has three directions, heat loss to the outside through the wall, heat
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storage inside the wall, and convection through the air indoors. In this study, the north
walls of G1 and G2 have heat storage capabilities, and some heat is stored for use at night.
Since G3 wall material is unique, it has an excellent thermal insulation effect, such that the
heat loss is very less through the wall to the exterior. Hence, the G3 wall surface heating
rate is quick and the temperature is high, maintaining the best thermal environment in G3
regardless of the weather.

Among the three test CSGs, heating and cooling effectuate most quickly in G3. The
greenhouse heat is mostly transferred through conduction, convection, and radiation,
with radiation heat transfer constituting the majority of the total heat transmission. Since
the north wall of G3 has no heat storage capacity, solar energy that enters indoors and
progressively radiates to the wall is reflected mainly off the surfaces within the building,
and then convectionally transferred to the interior air. G1 and G2 receive solar radiation on
their north walls to store the heat. Part of the heat is conveyed to the interior air, while the
other part is retained as heat in the wall, resulting in a slow heating and cooling process.

3.2.3. Different CSG Wall Thermal Performance Test

The extra heat in the CSG is absorbed and stored by the wall during the day. The heat
exchange occurs between the wall at night. Each wall heat flux change is illustrated in the
image (Figure 9). The G3’s wall heat flux change stands out, and its north wall scarcely
releases heat indoors at night. Around 16:00 on a cloudy day, due to the high temperature
of the greenhouse, a small amount of heat accumulated by thermal radiation is released.
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Figure 10. Variation of soil surface heat flux in typical weather in CSGs. (a) Sunny day (20 February 

2022). (b) Cloudy day (18 February 2022). 

3.2.5. Determination of Soil Thermal Storage Layer 

Figure 9. Changes in heat flux on the wall surface of CSGs under typical weather. (a) Sunny day (20
February 2022). (b) Cloudy day (18 February 2022).

3.2.4. Heat Storage Performance of Soil in Different CSGs

In a greenhouse without heating, the soil serves as the only heat source and heat
storage medium. In order to understand the thermal environment of G3, it is essential to
analyze the soil temperature distribution, fluctuation law, and heat storage and release
properties of the soil.

Figure 10 shows that solar radiation penetrates the greenhouse and irradiates the soil
surface after the thermal blanket is uncovered. Based on the soil temperature, it is evident
that the soil starts to absorb and store heat at this point. G2 and G3 conserved more heat
than G1 soil on cloudy days. G2 stored the most heat during daytime on sunny days, while
G1 and G3 presented similar values. Although the heat received by the greenhouse soil
varies markedly during the day, the heat that the soil supplies to the greenhouse at night is
almost constant and does not show any visible peaks or fluctuations. G3 performs better in
thermal insulation and has a higher temperature at night. Since there is less heat demand in
G1 and G2 than in G3, there is less heat loss in the soil. The three CSGs had an average daily
heat flux of 40.29 W/m2, 65.89 W/m2, and 39.72 W/m2 on sunny days and an average heat
flux of −16.85 W/m2, −17.04 W/m2, and −20.59 W/m2 at night, respectively. The average
heat flux during the day and night on cloudy days was 32.56 W/m2, 61.19 W/m2, and
51.92 W/m2 and −20.4 W/m2, −18.49 W/m2, and −21.2 W/m2, respectively. As the soil
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can store and release a large amount of energy at a higher temperature when it is cooler,
the soil heat release of G3 is the highest at night. Thus, it can be observed that G3 soil has
more significant buffering properties and is better at controlling the greenhouse’s thermal
environment than the other two types.
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Figure 10. Variation of soil surface heat flux in typical weather in CSGs. (a) Sunny day (20 February 

2022). (b) Cloudy day (18 February 2022). 
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(20 February 2022). (b) Cloudy day (18 February 2022).

3.2.5. Determination of Soil Thermal Storage Layer

The ability to store and release soil heat is essential in CSGs. When the temperature
of the soil depth varies greatly, convective heat transfer between soil and air inside the
greenhouse becomes stronger, maintaining the stability of the temperature at night. Based
on the temperature differential measurement, it could be deduced that there is a gain in the
thickness of the soil’s heat storage layer. The more heat the soil stores during the day or
releases at night, the greater the temperature difference between the soil at various depths.

The thickness of the soil heat storage layer in each greenhouse was measured to
about 20 cm in sunny weather (Table 1), while in cloudy weather, the thickness of the soil
heat storage layer in the G3 reached 40 cm. This created ideal conditions for heat storage
during the day and heat release at night in the G3, rendering another reason why, despite
the cloudy weather and low outdoor temperature, the internal temperature of the G3 is
high and consistent. Nonetheless, it must release soil heat to compensate for some of the
greenhouse system’s heat loss at night.

Table 1. Thickness of heat storage layer of soil in each greenhouse determined by temperature
difference methods.

Types
of CSG

Thermal
Blanket

Soil Depth on a Typical Sunny Day Soil Depth on a Typical Cloudy Day

0.5 m 0.4 m 0.3 m 0.2 m 0.1 m 0 m 0.5 m 0.4 m 0.3 m 0.2 m 0.1 m 0 m

G1
Uncovered 17.6 17.6 17.4 16.5 15.4 12.6 17.4 17.2 16.5 15.0 13.6 10.9

Covered 17.5 17.5 17.7 18.3 19.2 19.0 17.1 16.9 16.8 17.2 18.3 18.7

G2
Uncovered 17.8 18.0 18.1 17.9 17.0 15.0 17.0 16.9 16.5 15.7 14.1 10.7

Covered 17.7 17.9 18.1 18.6 19.2 18.7 16.7 16.5 16.7 17.7 17.7 17.5

G3
Uncovered 18.0 18.3 18.4 18.2 16.9 14.7 15.7 14.6 13.9 12.8 12.0 11.4

Covered 17.9 18.2 18.7 19.9 21.5 21.2 16.1 15.9 15.6 16.4 18.5 19.5
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3.2.6. Calculation of Soil Heat Transfer

The heat transfer process in the soil of the CSG involves conduction, convection,
evaporation, and condensation [24]. The changes in the data indicate that G3 soil releases
maximal heat, and the whole process is stable (Table 2). The cumulative heat release of G3
is 1.13 MJ on sunny days (G1 is 1.33 MJ, G2 is 1.15 MJ) and 1.33 MJ on cloudy days (G1 is
1.37 MJ, G2 is 1.41 MJ). Irrespective of the weather, the soil’s daily cumulative heat loss is
greater than the daily cumulative heat storage. This phenomenon could be attributed to
heat accumulation in the soil on sunny days. The accumulated heat is released when it is
cold at night to warm the greenhouse’s thermal environment.

Table 2. Soil heat storage and release performance parameters.

Weather
Conditions Types of CSG

Daily
Accumulation
Heat/(MJ/m2)

Heat
Storage

Duration/h

Max Heat
Storage

Flow/(W/m2)

Daily
Accumulated

Heat
Release/(MJ/m2)

Heat
Release

Duration/h

Max Heat
Release

Flow/(W/m2)

Sunny day
(20 February 2022)

G1 1.32 6 103 1.33 18 27
G2 1.73 7.5 186 1.15 16.5 34
G3 1.59 7 90 1.13 17 24

Cloudy day
(18 February 2022)

G1 0.78 6.7 60 1.37 17.3 25
G2 1.32 6 103 1.41 18 32
G3 1.15 6.2 92 1.33 17.8 31

3.2.7. Variation in Heat Flux of North Roof

The heat supplied by the soil to the shed at night was determined to be relatively
constant, with no evident peak and only a slight fluctuation, after observing the variation
in the soil heat flux (Figure 11). G1 releases the least heat, whereas G2 and G3 release
maximum heat. The temperature rises gradually when the thermal blanket is uncovered.
The north roof’s heat loss increases progressively. The average temperature difference, the
area of heat transfer, and the heat transfer coefficient affect how much heat is transferred.
When the thermal blanket is covered, the indoor temperatures of G2 and G3 rise rapidly,
and the corresponding difference between the indoor and outdoor temperatures is the
highest. At 14:00, the north roof’s heat release dropped progressively after each CSG. A
portion of the heat entered the room through the north roof and continued until 19:30, as
the heat flux density of the G2 and G3 turned negative. G1 released heat over this period,
as observed by the structure’s almost positive heat flux density. Thus, it is evident that G1’s
north roof solely loses heat, whereas G2 and G3’s internal heat is obtained partially through
the north roof. Notably, the direction of heat transfer from the north roof changes over time.
The direction of heat transfer for the north roofs of G2 and G3 dramatically alters when
the greenhouse achieves its highest temperature. Because the north roof of the G2 and G3
has a weak thermal insulation performance, it has little capacity to store heat and some
scattered light energy that absorbs heat. When the greenhouse’s interior temperature is
maximal, heat radiates from the north roof and is brought back inside. The phenomenon
on a cloudy day is similar to a sunny day. The north roof heat is released to the outside
since the thermal blanket has been covered. G3 dissipates the maximal heat, followed by
G2, while G1 dissipates the least heat. The north roof of G1 was still losing heat to the
exterior when the thermal blanket was uncovered in the morning after solar radiation had
entered the indoors. The amount of heating loss peaked when the interior temperature
was the highest. The north roof of both G2 and G3 experience steady heat entry while the
inside temperature rises steadily. G2 stores more heat during the day through its north roof
compared to G3, as observed by the changing trend. However, G2 is also most susceptible
to outside heat loss at night.
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Solar radiation is the only source of heat in a solar greenhouse. Part of the heat
obtained in the greenhouse is stored in the walls or soil, while the other part is lost to
the outside through the front roof, back roof, and walls. It has been discovered through
the analysis of internal environmental data from various types of solar greenhouses that
the solar radiation obtained by the three tested greenhouses during the day can satisfy
the needs for temperature and light during the growing process of crops without the use
of auxiliary heating and ventilation. Even though G3 receives less solar radiation, its
performance in terms of temperature is superior because of the particular wall material’s
excellent thermal insulation performance. In addition, brick, which is a member of the
multi-empty media, is the primary component of the walls of buildings G1 and G2. It has a
certain ability to absorb water from the air in relatively dry environments, which also has
a certain effect on the humidity in the greenhouse. Temperature affects humidity, while
humidity changes with temperature. One of the reasons why the internal temperature
of G3 is a little lower at night than that of the other two greenhouses is because higher
humidity will cause solar greenhouses to cool down.

4. Discussion

The major body for storing and releasing heat in a CSG is its wall, which is one of the
most often utilized horticultural facilities in agricultural output. Currently, increasing the
thickness of a wall [25], adding more thermal insulation to the covering, and adding more
thermal insulation materials [26], are the most popular techniques to increase the wall’s
ability to store and release heat, but their effectiveness is limited. The air temperature,
humidity, soil temperature, solar irradiance, and greenhouse envelope heat flux, along with
the actual production requirements, of three different wall structures of CSGs in the desert
region of Aksu, Xinjiang, were used as research parameters. The findings demonstrated
that the assembled CSG minimizes the area of the wall and satisfies the fundamental
requirements for crop development without supplemental heating. The greenhouse’s
thermal climate could be established and maintained due to the wall’s structure and
materials, making the greenhouse design workable. According to comparison analysis, the
assembled CSG exhibits quick heating and cooling, which is compatible with the findings of
Peng et al. [27], and the environment in the G3 is in a high humidity state. Dehumidification
must be stressed in the following products to prevent the spread of illnesses. The enclosure
structure in the greenhouse can store and release heat in different ways. In the subsequent
studies, tracking, collecting the thermal performance metrics in real-time, and computing
the heat storage and release precisely need to be enhanced.
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5. Conclusions

This study examined the thermal environment and microclimate variations in various
greenhouses. The most popular three types of CSGs in the Aksu area of Xinjiang are
compared in this study with respect to the internal environments of the assembled CSG,
composite wall CSG, and ordinary brick wall CSG. The following conclusions are drawn:

(1) Irrespective of sunny or cloudy, the interior daytime temperature of the assembled
CSG is significantly greater than that of the other two greenhouses. The difference in
overnight temperatures among the three CSGs is small. Even when some solar radiation is
reflected on cloudy days, the assembled CSG can maintain a high-temperature environment.
Additionally, the assembled CSG has poor thermal stability and exhibits the traits of fast
heating and cooling. However, the wide temperature range of the greenhouse is suitable
for plant growth.

(2) In this study, the assembled CSG’s wall surface temperature is significantly greater
than that of the other two types of CSGs, and this difference has a marked impact on the
greenhouse’s air temperature.

(3) Due to the special wall materials used in the assembled CSG, it has been discovered
that the indoor heat loss of the structure to the outside is very small. The soil with the
thermal storage layer thicker than that of the other two types of greenhouses, provides the
majority of the heat. In addition to realizing the effective use of light energy, this type of
CSG also reduces construction cost and time, maximizes the CSG’s capacity for thermal
insulation. We know from the survey that the cost per square meter of research brick
solar greenhouse is basically 490 CNY, composite wall greenhouse need is 360 CNY, and
assembled solar greenhouse is 300 CNY. In conclusion, the assembled solar greenhouse has
a positive marketing value.
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