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Abstract
To support the circular economy in Thai’s agriculture, the main interviewed challenges point to knowledge
and knowhow for greenhouse structure and system boosting up productivities. One popular material that
possibly affected productivity is transparent polymer film, which can be recycled based on material property
and blowing machine condition. This paper investigates the light transmittance performance of transparent
polyethylene terephthalate polymer (PET) and low-density polyethylene (LDPE) sheets for use in low-energy
greenhouses in tropical climates. The aim of the study is to optimize the thermal performance and light
transmittance of these materials to support plant growth and human comfort. The study focuses on seven
stages of plant growth, each of which requires different light characteristics including 1) seed, 2) germinating,
3) young seedling, 4) older vine, 5) flowering, 6) fruit bearing and 7) harvesting and drying. Each stage
requires different light characteristics, e.g. light intensity, red light, blue light, white light and ultraviolet
(UV) and pulsed light (PL). The methodology involves selecting PET and LDPE materials, preparing samples
for thermal property and lighting laboratory tests and analysing the results based on suitable criteria. The
findings show that LDPE sheets have 28.78% lower light transmittance than PET sheets, making them
suitable for supporting the seedling stage and older vines of plant growth. PET sheets, on the other hand,
deliver a high intensity of red light, making them suitable for stimulating photosynthesis in older vines and
during the harvesting process. The study highlights the importance of considering both thermal performance
and light transmittance when selecting materials for low-energy greenhouses in tropical climates.
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1 INTRODUCTION
In tropical climates, agricultural activities are basically accounted
as a part of Gross Domestic Product (GDP), which has been
increased during the 10-year period from 68 261 million Baht
in 1993 to 168 442 million Baht in 2002 [1]. The first five main
types of economic plant point to 1) rice, 2) rubber, 3) farm plants,

4) horticulture and 5) perennial plants. These agricultural prod-
ucts cover 104 million Rais (1 Rai = 1600 m2), and partial special
products are required to be planted in pesticide-controlling farms.
Agricultural greenhouses were then expanded to cover 189 782
Rais (1 Rai = 1600 m2) for planting mostly melon and tomatoes in
central and northern Thailand [2]. To meet the growing demand
for these crops, agricultural greenhouses have been expanded to
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cover a significant area. However, the use of transparent materials
in these greenhouses has a direct impact on both users and plants.

From this expanding structure, transparent materials are the
main covering shade of agricultural greenhouses, which directly
affect users and plants. Users or farmers normally consider ther-
mal comfort including air temperature, humidity and velocity of
indoor air conditions, whereas plants focus orderly on lighting,
temperature and humidity relied on different growing phases. For
these purposes and functions, transparent materials are possi-
bly glass or plastic options [3] based on financial support and
human comfort. These studies have been conducted to investigate
the effects of different materials on plant growth and human
comfort in greenhouses. However, the specific study of polyethy-
lene terephthalate polymer (PET) and low-density polyethylene
(LDPE) in relation to their effects on light transmittance and
thermal performance in low-energy greenhouses in tropical cli-
mates is relatively new. This study is important because it provides
insights into the optimal use of these materials in greenhouse
design to support plant growth and human comfort.

This paper investigates the light transmittance performance of
transparent PET and LDPE sheets for use in low-energy green-
houses in tropical climates. The study aims to optimize the ther-
mal performance and light transmittance of these materials to
support plant growth and human comfort. In addition, the paper
discusses the effects of the density and heat capacity of the poly-
mer on light transmittance performance. The thermal properties
of the materials are also analysed to understand the relationship
between thermal and lighting effects in the greenhouse.

2 LITERATURE REVIEWS
Normally, an agricultural greenhouse requires high retention of
a dynamic environment, transparent, cleaning surface. There are
several types of in-use polymer film in agricultural production
[3]. Divided by sizes of utilized function in greenhouses, 1) the
medium size of walk tunnel requires 80- to 220-μm-thick poly-
mer sheet ∼20-m width. There are 1–3 layers of polymers depend-
ing on technology and 6–45 months of life cycle reliant on photo
stabilizer, location and pesticide. 2) Another smaller size of walk-
tunnel requires a thinner-than-80-μm polymer sheet to cover
only a meter-width and a meter-height tunnel, with 6–8 months
life cycle. Turning to 3) mulching type of polymer film, it is
normally required to be a 12- to 80-μm-thick polymer sheet with
a 3-m width to control soil temperature and humidity. This film
ages ∼2–4 months.

2.1 General properties of PET and LDPE
This research focuses on the performance of two types of recy-
clable materials, PET and LDPE, which exhibit various construc-
tional properties such as strength, tensile strength, ultraviolet
(UV) light stability, light transmittance and life period. These
properties are important for the use of these materials in agricul-
tural greenhouses [3].

PET is widely used in industrial packaging and dominates the
drink container market. In Europe, PET accounts for ∼16% of
plastic consumption, despite the fact that it cannot be biodegraded
[4]. However, PET is used as a film and container in the purified
recycling process, where its hot melting points are properly cut
and resisted by a UV laser [5]. Combining SnO2:F (FTO) with
a PET sheet can increase the ability to resist laser annealing
in the industrial cutting process [6]. Another potential use of
recycled PET is in recycled concrete aggregate (RCA) combined
with crushed brick, 5%wt PET, 10%wt fly ash, and 10%wt slag.
This material’s performance is suitable for use in roads [7].

Global solar radiation (GSR) of LDPE was ∼83–93% and
their transmittance losses were ∼7–13%. Photosynthetically
active radiation (PAR) transmittance reached 80–83%, and
those losses were ∼4–6% covering the whole life [8]. Fourier
Transform Infrared Spectroscopy (FTIR) is used to clarify gamma
radiation depending on relative chemical and structural factors
[9]. Other contamination of LDPE was brought possibly to
the heat-transferring property of materials. For example, rising
hollow glass microsphere (HGM) in LDPE composites could drop
density, but this could increase thermal conductivity matched
suitably to the property of envelop insulation [10, 11]. Moreover,
melting points may possibly be flexible in the case of recycled and
contaminated LDPE materials.

Turning to the ability to maintain food quality, LDPE film
was possibly developed to restrict >60% fungal spores by an
antifungal agent, whereas the mechanical strength was dropped
by a long time UV condition [12]. LDPE film examined the ability
of antibacteria when blending with grapefruit seed extract (GSE)
and thermo-plasticized starch (TPS) [13].

The biodegradation potential of LDPE by bacterial consor-
tia is ∼64% from pre-treated UV for 1 hour within a 160-day
study and room temperature at 37◦C [14]. To blend LDPE with
chitosan, thermal degradation can slightly increase. In addition,
other plastics blended by 40%wt chitosan led to greater potential
of biodegradation as well [15].

Transparent covering polymers can be made from LDPE,
Linear Low Density Polyethylene (LLDPE) and Polyethylene (PE),
which provide 88–90% transmittance of the light, ranged in PAR
(400- to 700-nm wavelength). The thickness can be ∼100–200
μm with a 3- to 5-year life cycle. It is possible to mix a 7% UV
filter or absorber into a polymer sheet. To point out a higher
technological example, ethylene tetrafluoroethylene (ETFE)
can be used as a specific character film to perform high light
transmittance, high heat and chemical resistance. Transparent
ETFE film allows both UV and infrared (IR) to be transmitted to
indoor functional areas with 10 times lighter weight compared
with glass materials. It is also an electrical insulator, which can be
adapted for industrial products such as solar cell panels, electrical
film and large constructional architecture [15].

2.2 Occupant comfort
Natural light provides electromagnetic radiation within different
wavelengths, possibly divided into three groups of visible light
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Table 1. Effects of different light wavelength on plant growing stages

Lights

Stages of plant Violet Blue Orange Red Red-blue White Pulse

380–436 nm 436–495 nm 589–627 nm 627–770 nm

Seed & germination Blue—low intensity is necessary [19, 29]
Young seedling Blue—rubisco amount, compact size and reduced biomass [26] Red:blue & white—photosynthesis,

biomass production [32]
Older vine UV-A affects

morphological
development and light
interception and the
reduction of a leaf’s
metabolite
accumulation [21, 34]

Blue—resist powdery
mildew infection in
melon [31]
lower height of
general plants [28]

Orange—high
effect of
photosynthesis

Red—hypocotyl
elongation, cotyledon
expansion, plant
height, and leaf area
[21, 26]

Red:blue—plant morphology [23],
Tomato growth [23]

Flowering Orange—high effect of photosynthesis [20]
Fruit bearing Blue—lower plant’s weight [33] Red—ripening stage of tomato [27]
Harvest and drying Red:blue—yield quantity, chemical

reaction [23]
Post-harvest UV-C reduces Listeria innocua [36] and

Alicyclobacillus acidoterrestris spores in
post-harvest fruits [37]

Far-red affects an increase of firmness and
lycopene in cold condition [12]

Pulse—antibacterial performance
with UV-C [35, 36]

(VL), IR light and UV light. Visible light ranges between 380
and 780 nm, which provides seven different colors. These wave-
lengths affect human visible perception and human skin. In the
visible light range, blue light (400–500 nm) wavelength impacts
harmfully on human eyes and vision. Infrared IR light is in the
range of 700–2400 nm, which cannot be seen visibly, but provides
high temperatures with 53% heat from the sun’s radiation. This
wavelength stimulates generally dark spots on facial skin and
finally up to skin cancer. For UV light, the wavelength is ∼3%
of the sun’s radiation and ranges ∼100–400 nm, which impacts
harmfully on human skin, from burning the external skin layer
to cancer. There are four types of UV light including UVC (100–
280 nm) at space level only, 5% of UVB (280–315 nm) possibly
burning the external skin, 90% 0f UVA (315–400 nm) producing
dark spots leading to cancer and UV-Tmax (380–400 nm) affected
DNA changing and cancer [16, 17].

To consider human comfort, a suitable wavelength of light
should be in visible light within 400–700 nm. For longer wave-
lengths, heat can be generated in a functional environment when
shorter wavelengths result harmfully in skin impacts.

2.3 Light wavelengths and plant growth
Focusing on plant impact, light is important for plant growth [18],
which have PAR ranges from 400 to 700 nm with red and blue col-
ors. UV light (200–400 nm) can stop photosynthesis and destroy
a plant’s DNA. Visible light or PAR (400–700 nm) supports plant
growth and generates chlorophyll molecules type a and b [19].
Near-infrared (NIR) light (700–2500 nm) affects heat collection
in the greenhouse and eventually withers leaves and flowers. Light
transmittance in PAR of greenhouse covering polymer is ∼88–
90% for general plants, when indoor plants may require only

50–70% of PAR transmittance. In this study, both impacts on plant
elements and stage of growth will be examined.

In the case of affecting a plant’s elements, different wavelengths
of light are linked directly to the quality and various types of
growth. Invisible light ranging <390 nm, e.g. UV, can stop a
plant’s growth when IR light (longer than 810 nm) can stretch
longer internode. Visible violet light (390–410 nm), dark blue
light (411–425 nm) and blue light (426–492 nm) influence pho-
totropism of floral plants, e.g. facing to the sun of the sunflower.
Visible blue lights at 430- and 453-nm wavelengths are necessary
for photosynthesizing chlorophyll A and B, respectively. Visible
green light (493–525 nm) possibly stops a plant’s growth, whereas
yellow light (536–568 nm) and orange light (587–647 nm) can
support germination of seeds. Red light (648–760 nm) affects
both stopping and supporting germinations depending on the
species of plant. Red light lengths at 642 and 662 nm are found to
support photosynthesis of chlorophyll A and B, respectively, when
far red light (761–810 nm) is proven to stop germination of seeds
[3, 16, 17].

Sweet melon yield needs 50 × 50 cm of growing space,
which relies on growing stages during a period of 4–6 weeks.
There are seven stages of plant growing, which are: examine
seed, germinating, young seedling, older vine, flowering, water-
melon bearing, harvesting and drying, as shown in Table 1.
Planting criteria in each stage can refer to chemicals, leaves,
branches, height, number of nodes, number of flowers and
fruits [20].

Far-red (FR) light can raise the leaf’s area when the remaining
biomass in lettuce and reduce phytochemical matter in lettuce
[21]. FR light and low temperature can improve post-harvest for
maturity stage of tomatoes. FR indicated an increase of firmness
and lycopene acting in cold conditions [22].
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Red and blue lights have been claimed to impact plant growth in
different stages, in particular metabolic processes, photosynthesis
light and the cannabinoid process. It was also found that blue and
red ratios influenced yield quantity, chemical reaction and plant
morphology [23]. Red and blue light combination at high tem-
peratures can increase tomato growth, whereas red light and low
temperature are important for other processes of tomato plants
[24, 25]. Only red light positively affects hypocotyl elongation,
cotyledon expansion, plant height and leaf area, whereas the red-
blue light combination promotes morphology and physiology of
the early stage in tomato. Blue light stimulates the seedling pro-
cess of tomatoes, e.g. rubisco amount, compact size and reduced
biomass [26]. In addition, red light is found to impact on the
ripening stage of tomatoes, which relates directly to ripening-
related regulators and ethylene biosynthesis [27].

Blue light is necessary for maintaining the development process
of plants, and different sensitivities responding to light should
be considered in each species’ requirements [28]. The blue light
condition also involves the seedling process, in particular pig-
mentation, lipid peroxidation and osmoprotectant accumulation
[29] and stimulates antioxidant contents by ascorbate peroxidase
and dehydroascorbate reductase activity [30] in tomato. Blue
light can also resist powdery mildew infection in melon, which
relates dependently to H2O2 accumulation. Moreover, the ratio
of red and blue light at 3:1 can protect melon seed well from that
infection [31]. Blue and white lights can improve the thickness
of the cell wall, Ca and pectin levels, whereas far-red and dark
conditions affect microfibrillar growth [32]. Based on ray tracing
simulation, blue light with 27% intensity related negatively to the
dry weight of tomato plants, while providing a positive impact
on the latter morphology and light interception [33]. Blue light
also results in lower height of general plants, but it is the opposite
growth in the cucumber [28].

Different wavelengths of light are found to affect biomass,
photochemical accumulation and antioxidant capacity in lettuce
studies. Ultraviolet A (UV-A) possibly reduces the area of leaf and
less nitrate and biomass matter, whereas seven other chemicals
are increased, especially chlorophyll, protein, sugar, vitamin C,
flavonoid, polyphenol and anthocyanin contents [21]. UV-A light
within 315–400 nm close to blue light at 400–500 nm was found
to have a similar effect on plants. UV-A supported morphological
development and light interception [34].

Based on hygiene control of fruit transportation, UV-C light
is found to reduce Enterobacteriaceae and total microbial counts
and melon leakage [35], but there is no impact on fruit color
and firmness during storage. UV-C radiation of 13.44 W/m2

within 20 min is recommended to reduce Listeria innocua [36]
and Alicyclobacillus acidoterrestris spores in post-harvest fruits. It
also preserves the quality of juice, retaining color and retaining
antioxidant activity [37].

In the case of tomatoes, it is possible that light intensity can
increase the level of leaf epinasty when ignoring the impact of leaf
chlorosis [35]. Rising light intensity influences plant hormones
by indicating reduction of jasmonic acid (JA), salicylic acid (SA)
and zeatin (ZT) and increase in aminocyclopropane-1-carboxylic

acid (ACC) [38]. In case of high irradiance, low diffuse radiation
fraction (HILD) can reduce light distribution in the tomato’s
greenhouse and carbon uptake and light use increase by 4.58–
5.30% of efficiency [39]. Low-light stress also decreases sucrose
content, sucrose phosphate synthase (SPS) and sucrose synthase
in the synthesis direction (SS-s) in melon leaves and it reduces
the activities of acid invertase (AI), neutral invertase (NI), and
sucrose synthase in the cleavage direction (SS-c) from the early
stage of melon development [40].

Moreover, PL was analysed to be inactive kinetics for four types
of microbial bacteria including Escherichia coli ATCC 35218, L.
innocua ATCC 33090, Salmonella Enteritidis MA44 and Saccha-
romyces cerevisiae KE162. It is possible that PL relates negatively to
juice absorbance in strawberry and orange juice [32]. In addition,
PL with nine J.cm-2 can maintain a post-harvest defense mecha-
nism in melon by limiting ethylene and consequently increasing
polyamines [41]. With 180- to 1100-nm wavelength of light, the
90-s pulsed range can decrease Cryptosporidium parvum oocysts
in the case of post-harvest products of cilantro, mesclun, lettuce,
spinach and tomato [42].

Last but not least, it was proven that the material’s crystallinity
related directly to density and thermal property of transparent
material, which higher density can delay speed of light and eter-
nally change the wavelength of light [43, 44].

To summarize, transparent materials affected users and plants
and all types of wavelength provide both negative and positive
impacts on different growth phases of a plant. In general, there
are three lights directly affecting plant growth, especially blue, red
and white lights. Blue light is better for the early stage of seed,
germination and seedling before negatively impacting on height
later. White light and the popular proportion of a 3:1 red:blue
light mixture is suitable for the seedling stage. For some specific
light types, UV and PL negatively affect the growth stage of a
plant, but provide high potential for post-harvest hygiene and
protection from bacteria. Far-red light can result in the color and
ripening process of the red plant. Low intensity of light provides a
positive impact on the growth stage, but it depends on the species
of plant too. From the literature reviews, the light performance of
transparent materials can be compared and the impact on plant
growth discussed later.

3 METHODOLOGY
The methodology involves selecting transparent PET and LDPE
materials, preparing samples for thermal property and lighting
laboratory tests and analysing the results based on suitable crite-
ria. The aim of the study is to optimize the thermal performance
and light transmittance of these materials to support plant growth
and human comfort.

There are three steps of the experiment procedure. 1) To select
the PET and LDPE materials, a mixed proportion of material
weight test was conducted at 100, 80, 50 and 20% combinations.
The results of this test were used to select pure PET and LDPE
materials for the study. 2) For the thermal property tests, samples
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Table 2. Thermal properties of PET and LDPE material

Materials PET LDPE

Sampling conditions Sample: PET (200 μm), 3.2000 mg
Module: DSC 3+/700/1739-, 08.05.2019, 10:08:30
Sample holder: aluminum Light 20 μl
Weight: 23.2 mg
Material: aluminium
Method: 40–300 (10 C/min)_Air, dt 1.00 s,
40.0–300.0◦C, 10.00 ◦C/min
Synchronization: enabled

Sample: LDPE (200 μm), 1.8000 mg
Module: DSC 3+/700/1739-, 08.05.2019, 10:08:30
Sample holder: aluminum light 20 μl
Weight: 23.4 mg
Material: aluminium
Method: 40–300 (10 C/min)_Air, dt 1.00 s,
40.0–300.0◦C, 10.00 ◦C/min
Synchronization: enabled

Results

Integral Exothermic cold
crystallization:
120.29 mJ
(normalized 37.59
Jg-1)

Endothermic melting
point:
−183.68 mJ
(normalized −57.40
Jg-1)

1st mixed material:
−8.80 mJ (normalized
−4.89 Jg-1)

2nd mixed material:
−15.46 mJ
(normalized −8.59
Jg-1)

Onset 120.57◦C 235.76◦C 118.51◦C 121.76◦C
Peak 125.22◦C 249.59◦C 119.96◦C 123.28◦C
Endset 129.62◦C 257.32◦C 121.49◦C 123.62◦C
Glass transition
temperature

72.80◦C n/a

Midpoint ISO 72.66◦C n/a
Cp 219.3 (J/K• mol) 305.4 (J/K• mol) 46.2–62.7 (J/K• mol)

of PET and LDPE sheets with a thickness of 200 μm were pre-
pared and weighed to 3.20 and 1.80 mg, respectively. Differential
scanning calorimetry (DSC) was used to identify the general
performance of the materials. 3) For the lighting laboratory tests,
the same samples were used to measure light transmittance using
a UV–Vis–NIR spectrophotometer, model Cary 7000. The results
were analysed based on suitable criteria for human thermal and
vision comfort and beneficial effects on plant growth. The results
were obtained by measuring light transmittance using a UV–
Vis–NIR spectrophotometer and analysing the data based on
the different stages of plant growth and the light characteristics
required for each stage. The methodology is organized to present
the findings of the study based on the different stages of plant
growth and the light characteristics required for each stage.

From another material mixed-proportion test, all proportion
of combination between PET and LDPE examines the broken
surface and unmixable layer of film because of different tempera-
tures of melting and solidity points. Then, pure PET and LDPE
are selected for real application test. For thermal and lighting
laboratory tests, selective sampling PET and LDPE sheets are
prepared by cutting shape 200-μm thickness and are weighed to
3.20 and 1.80 mg, respectively. To identify properties of PET and
LDPE, DSC is used for testing the glass transition, melting point,
crystallization and heat capacity. Based on DSC data in Eq. (1), the
heat capacity (Cp) at constant pressure at 25◦C can be calculated
from the Equation 1 of heat integration [45–47].

Cp = (ΔH/ΔT)p (1)

Where Cp = heat capacity (J/K)

ΔH = different heat(J)

ΔT = different temperature(K)

In addition, lighting criteria for growing plants are reviewed,
which included typology, phase of growth, light intensity and
light color. In the case of transparent materials, a UV–Vis–NIR
Spectrophotometer model Cary 7000 examines absorptance, per-
cent of transmission and percent of reflectance. Based on this
research, the mode of test is Universal Measurement Accessory
(UMA) transmission and the scan range of the wavelength covers
200–2000 nm in the case of liquid, powder, film, plastic, acrylic,
etc. The spectrophotometer covers a scanning period ranging
between 200 and 1000 nm, data interval at 1.0 nm, scan rate
at 600 nm/min and detector angle at 180 degrees. Furthermore,
the criteria for thermal property will be validated by comparing
with general in-use transparent polymer and light transmittance
at 88–90% before discussing the effects on a plant’s growth.

4 RESULTS AND DISCUSSION
Based on seven stages of plant growth, each of which requires
different light characteristics. The findings show that LDPE sheets
have lower light transmittance than PET sheets, making them
suitable for supporting the seedling stage and older vines of plant
growth. PET sheets, on the other hand, deliver a high intensity of
red light, making them suitable for stimulating photosynthesis in
older vines and during the harvesting process.

From the experiment procedure, the three steps of the exper-
iment can be clarified in particular: 1) selected results of PET
and LDPE samples, 2) thermal property test and 3) light trans-
mittance test. For the first step of material proportion selection,
there is another academic report explaining collaborative and
detailed mixed material process. The outcome from the PET
mixture proportion was not well blended with other plastic types
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Figure 1. DSC thermogram of PET and LDPE.

because of different melting and solidity points. The surface of the
material is layered and easily peeled if the mixed temperature is
<120◦C. Turning to another plastic type, LDPE can be blended
with other recycled plastic ingredients except PET. Subsequently,
non-mixture types of PET and LDPE are selected to be tested
for thermal property and light transmittance performance. Based
on laboratory tests, PET and LDPE material properties including
light transmittance are reported. Moreover, analyses of results
are discussed and compared with literature reviews of lighting
impacts.

4.1 Thermal property of material
To focus on the DSC laboratory, PET and LDPE thermograms
report different heat behavior. The conditions of the sampling
material are prepared at 200-μm thickness, and both PET
and LDPE materials weigh 23.2 and 23.4 mg, respectively,

as shown in Table 2. For thermal behavior of PET material,
there are three phases of glass transition, exothermic cold
crystallization and endothermic melting points that explain the
general properties of the material. In contrast, LDPE material
strictly explains only the melting point of a material without glass
transition and exothermal cold crystallization, which identify
low strength properties of the material. Moreover, the heat
capacities of PET at exothermic and endothermic points are
219.3 and 305.4 J/K• mol, respectively, when those of LDPE are
∼46.2–62.7 J/K• mol.

Based on a constant rate of heat, Figure 1 shows a typical
temperature scan of PET in which the first heating trough is glass
transition temperature at 72.80◦C followed by exothermic cold
crystallization peak at 125.22◦C and an endothermic melting peak
at 249.59◦C. While identifies, the curve of the LDPE thermogram
illustrates the second run of heating, which identifies two dif-
ferent melting points depending on different chemical mixtures.
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Figure 2. Melting peak of polymers based on DSC thermogram.

The thermal properties of LDPE demonstrate melting peaks of
2 mixed polymers at 119.96 and 123.28◦C. To compare with
general points of melting peak of polymers in Figure 2, both PET
and LDPE results are validated similarly to general melting peak
behaviors [48].

To discuss the thermal performance of polymers, even LDPE
can be mixed by multiple types of polymers within similar melting
points. But PET is melted at much higher temperatures compared
with LDPE. The heat behaviors between PET and LDPE are
different, as a glass transition and crystallization stages in terms of
PET. This results in an unmixable process between PET and LDPE
materials for forming a transparent material. Another focus point
is a different heat capacity, of which PET contains a higher capac-
ity of heat reflecting from a higher density of material compared
with LDPE. This is also related to the heat transferring process
of the building envelope. In addition, to find out the thermal
property from the laboratory and equation 1, heat capacity and
outdoor temperature are novel keys to calculate heat transfer and
affect indoor comfort environment. In parallel research, the agri-
cultural outdoor environment in central Thailand was monitoring
environment data including temperature, air humidity and light
transmittance data.

4.2 Light transmittance
From the UV–Vis–NIR spectrophotometer, the range of scanning
is 200–1000 nm, with interval of 1.0 nm and a scan rate at
600 nm/min. The percentages of transmittance from PET and
LDPE are reported in Figure 3.

To test light transmittances of 200-μm-thickness PET and
LDPE, Figure 3 illustrates the curve of transmittance percent
relying on a range of wavelength between 200 and 1000 nm.
PET allows light wavelengths between 310–1000 nm, and light
wavelength from 400 nm can provide >80% light transmittance.
To specify red and blue wavelengths, light transmittance has
nearly 90%. Turning to LDPE material, it can be seen that light

Figure 3. Light transmission of PET and LDPE.

transmittance of 200–1000 nm wavelength increases constantly
from 0 to 70%. For blue light, light transmittance averages to
∼35%, whereas red light transmittance is ∼55%. The proportion
of blue and red light impacts the growth of plants by stimulating
the germination and the seedling process. Red light transmittance
also affects an increase in indoor heat and lower air humidity,
which relates directly to human thermal comfort.

To discuss the light transmittance of material, Table 3 explains
the impacts of transmitted wavelength on plants and human
comfort. All wavelength transmittances of PET are too high-
intensity and provide a negative impact on the vining process,
whereas too high of an intensity can lead to a glare effect
on human eyesight [16, 17]. On another side of LDPE’s light
transmittance, low transmittance and low intensity of light are
suitable for light distribution, affecting all stages positively [20].
A half transmittance depends on natural light, which is lower
expectations in some working functions, but it should be suitable
for circulating areas. The proportion of 1:3 blue:red mixtures from
LDPE provides suitable light [23] for early stages of plant growth,
e.g. seed, germination and seedling process. In addition, red and
UV lights increase chlorophyll a and b in the photosynthesis
system. Blue light negatively affects eye health, whereas red
light brings about high temperatures in the indoor ambient
environment.

To summarize results, the methodology involved selecting the
materials, preparing samples for thermal property and lighting
laboratory tests and analysing the results based on suitable cri-
teria. It was found that LDPE sheets have lower light transmit-
tance than PET sheets, making them suitable for supporting the
seedling stage and older vines of plant growth. PET sheets, on
the other hand, deliver a high intensity of red light, making them
suitable for stimulating photosynthesis in older vines and during
the harvesting process. The study also found that LDPE sheets can
be melted at a lower temperature compared with PET sheets.

When discussing the circular economy, it was found that recy-
clable and mixable LDPE plastic is more suitable for greenhouse
transparent roof materials than glass and PET. LDPE provides
different light ranges that are suitable for most stages of melon
growth. In addition, LDPE transparent material was found to have
lower environmental impacts in terms of life cycle assessment
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Table 3. Conclusion of PET and LDPE light transmittances affecting plant and human

Materials
Light Impacts

Color Wavelength Transmittance Plants Human

PET Visible 380–770 nm 87% - Intensity too high
- Negative impact as burning leaf

[38]—Light filter is required

- Intensity too high and glare
effect—burning skin impact
[16, 17]

PAR 400–700 nm 87%
Blue 400–480 nm 85%
Red 630–680 nm 90%
IR 700–1000 nm 90%

LDPE Visible 380–770 nm 42.5% - Lower intensity of light
[20]—Suitable for all growth
process and photosynthesis

- Suitable intensity depending
on outdoor source

PAR 400–700 nm 42.5%
Blue 400–480 nm 35% - 1:3 blue:red proportion

[23]—Suitable light for
germination and seedling—
suitable for chlorophyll a & b
boosting up

- Affect eye health
Red 630–680 nm 52.5% - Heat up ambient temperature
Infrared 700–1000 nm 62.5%

and MET (Materials, Energy, and Toxicity) Matrix [3], which can
reduce the need for other energy-consuming devices to light up
and protect plants from the outdoor environment in tropical cli-
mates in a sustainable approach. Furthermore, blending LDPE at
a lower temperature can reduce the carbon emissions of recycling
production.

5 CONCLUSIONS
The study found that LDPE sheets have lower light transmit-
tance than PET sheets, making them suitable for supporting the
seedling stage and older vines of plant growth. PET sheets, on
the other hand, deliver a high intensity of red light, making them
suitable for stimulating photosynthesis in older vines and during
the harvesting process. The study also found that LDPE sheets can
be melted at a lower temperature compared with PET sheets.

To investigate thermal properties and light transmittance of
transparent material for a greenhouse, type of PET and LDPE
sheet was prepared at 200-μm thickness of each polymer type.
The thermal property of PET from DSC thermogram offers
glass transition at 72.80◦C, crystallization peak at 125.22◦C and
endothermic melting peak at 249.59◦C. On the other hand, LDPE
thermal property rigids to endothermic melting peaks with 2
mixed materials at 119.96 and 123.28◦C, respectively. Because
of different melting peaks, PET and LDPE are not suggested
to be mixed together for transparent material. Using the UV–
Vis–NIR spectrophotometer, light transmittances and impacts
on plants are analysed. With seven stages of plant growth, light
wavelengths propose negative and positive effects on plants. For
the early stages of 1) seed, 2) germination and 3) seedling, the
proportion of 1:3 blue:red lights from LDPE transparency can
support as well as natural white light. White light impacts all
stages of a plant’s photosynthesis at 4) older vine, 5) flowering and
6) fruit bearing. Specific UV and pulse lights improve hygienic
protection to 7) the harvesting and drying process of plant

growth. Based on PET transmittance, the light intensity of every
wavelength is too high and has a negative impact on burning
leaves and human skin. Light transmittance of PET and LDPE
averaged at 73.21 and 44.43%, respectively. Furthermore, based
on high transmittance rate in every wavelength in case of flowable
ventilation wall, PET affected an increase of ambient temperature
and the reduction of air humidity. From the transmittance of blue
and red wavelength, LDPE was proven to be more suitable for a
greenhouse’s transparent material.

This research into transparent materials has the potential to be
applied for greenhouse transparent materials, which can provide
lower impact in the circular economy area and lower carbon
emissions. The result can contribute to further thermal transfer-
ring processes and calculations. Furthermore, the limitations of
the research regarding the relation between thermal comfort and
lighting impacts need to be clarified by real-time monitoring data,
which was conducted in parallel with this research. To provide
further suggestions for future research, indoor heat monitoring
during the summer should be conducted to estimate the potential
of materials that may melt under high-temperature conditions
throughout the year.
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