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Graphical abstract

Abstract

Green building materials are an important material basis
for promoting the development of green buildings, and
also the foundation of building energy conservation. In
view of this, an insulation effect evaluation model of green
building materials is constructed. The outer wall
temperature index, the equivalent thermal resistance
index, the inner surface maximum temperature and the
thermal inertia index are used to characterize the
insulation effect of the green building materials. According
to the insulation effect evaluation principle of green
building materials, the outer surface and inner surface
temperature deviation curves and its’ fitting curves are
made. The integral area between the fitting curve and the
standard line is the temperature factor. The temperature
factor can be used as an evaluation parameter for the
insulation effect of green building materials in a fixed
temperature range. It can characterize the average
insulation effect of green building materials under a certain
temperature range and comprehensive evaluation of
different characterization indicators. The greater the
temperature factor value is, the better the insulation effect
is. The experimental results show that the model can
accurately reflect the overall insulation effect of green
building materials under the influence of various indicators

in a certain temperature range, and the evaluation
accuracy is high.

Keywords: Ecological environment, green
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characterization index, temperature factor.
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1. Introduction

For a long time, most Chinese construction units have used
traditional building materials such as cement, concrete,
glass, and ceramics (Marangoni et al., 2017). Although such
materials have good durability and high environmental
adaptability, most of these materials are non-renewable
resources from the perspective of sustainable
development (Muto et al., 2018). Excessive use of this type
of material not only has a serious impact on the ecological
environment, but also may cause China’s overall ecological
environment to decline year by year (Povarov 2016). Facing
the severe environment and resource situation, changing
the development model of high pollution and high energy
consumption has become a top priority for the global
construction industry.

Since the 20th century, countries around the world have
been working on green building materials and developing
their own green buildings. The development of green
buildings is an indispensable aspect of building a resource-
conserving and environment-friendly society (Puza et al.,
2018). To achieve good development of green buildings, it
is particularly important to promote the application of
green building materials. Green building materials are the
collective name for all materials that do not have pollution.
The definition of green building materials is as follows
(Geisler et al., 2016): using clean production techniques,
with or without the use of natural ecological resources and
energy. The use of solid waste to produce non-toxic, non-
polluting, non-radioactive materials that can be recycled
after the end of life, as well as building materials that are
conducive to ecological environmental protection and
human health. Analysis of its connotation shows that the
core requirements of green building materials are “energy
saving, waste utilization, health”, i.e. ecological
environment considerations (Cappello et al., 2017). The
fundamental attribute of using green building materials to
construct green buildings is to minimize the impact on the
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ecological environment, which is the essential difference
between green building materials and traditional building
materials. Green building materials mainly focus on four
aspects: raw material application, product manufacturing,
use and waste disposal. Under the premise of ensuring the
rational use of materials, how to reduce the ecological
environment load and achieve the common development
of environmental protection and health has become the
primary goal of the Chinese construction industry at this
stage (Abdikadir et al., 2018; Achille et al., 2020; D’Agata et
al., 2020; Mohammad et al., 2019).

Insulation has always been the focus and focus of
researchers in building energy efficiency and indoor
thermal environment and is also a difficult and hot topic in
building energy conservation and indoor thermal
environment research (Katsumata et al., 2017). It is well
known that the direct illumination of the sun raises the
internal surface temperature of the building structure,
which on the one hand severely deteriorates the indoor
thermal environment of the building structure and
negatively affects the health of indoor occupants
(Sumislawska et al., 2016). Reducing heat loss in buildings
in cold areas and avoiding heat transfer in hot areas require
that the building’s perimeter structure have a certain
thermal resistance. Otherwise, the structure of the building
will be too cold in winter and overheated in summer. In
order to avoid this phenomenon and increase the comfort
of living, it will seriously waste energy resources such as
electric energy and water energy (Sun et al., 2019). On the
other hand, heat transfer from the building’s perimeter
structure has led to a dramatic increase in building energy
consumption, which has become a weak link in energy
conservation throughout the building envelope (Zoeller et
al., 2017). The GB/T50378-2006 green building evaluation
standard is the specific standard for the implementation of
the first green building evaluation in China. The standard
for heat insulation and energy saving of the building
exterior structure is proposed in combination with the
GB50189 public building energy-saving design standard. In
Guangzhou, where the hot summer and warm winter
regions are concerned, about 10% to 12% of the annual
energy consumption of air conditioners is caused by heat
transfer from the building envelope. As the heat transfer
weak link of the envelope structure, the roof has a large
proportion of heat transfer energy consumption in the
envelope structure. The purpose of heat insulation of the
outer protective structure is to control the temperature of
the inner surface not to be too high, and appropriately
increase the attenuation and delay time (Liu, Liu, and
Wang, 2019). As a model of energy-saving, comfortable,
healthy and environmentally-friendly buildings, green
buildings naturally pay sufficient attention to the insulation
of building materials used in their external protective
structures. Based on this, this paper constructs the
insulation effect evaluation model of green building
materials under ecological environment to effectively
evaluate the thermal insulation properties of green
building materials under ecological environment (Ch. et al.,
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2018; Ibrahim et al., 2020; Nwankwoala et al., 2019; Siti et
al., 2019).

2. Materials and methods

2.1. Insulation effect characterization of green building
materials

There are three main ways of heat transfer: introduction
transfer, convection heat transfer and radiation heat
transfer (Hatiegan et al., 2016). The insulation effect of
green building materials is determined by the combined
effects of these three heat transfer methods. Solar
reflectance and hemispheric radiance are two important
evaluation indicators of insulation effect of green building
materials. These two properties respectively mean
blocking the heat transfer from the solar radiation to the
outer structure of the building structure and realizing the
return of the heat absorbed by the enclosure. The
insulation effect of green building materials applied in
buildings can be characterized by the following indicators:
external surface temperature index, equivalent thermal
resistance index, maximum internal surface temperature
and thermal inertia index.

2.1.1. External surface temperature index of green building
materials

Both solar reflectance and hemispherical emissivity are
important factors in the surface temperature of green
building materials (Naeini et al., 2019). When the surface
of green building materials is exposed to sunlight, the
external surface temperature at steady state is calculated
according to Formula (1). If it is horizontal roof, it can be
simplified to Formula (2):

(The amount of sunlight absorbed by the surface of the
green building materials, the amount of radiant heat
exchange of the green building materials to the sky, the
convective heat transfer of the green building materials
and the air, and the heat transferred from the green
building materials to the indoor side are in the steady state
equilibrium.)

_ 4 4 4
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where, « is the solar absorption rate of green building
materials, a=1-ps, of which ps. is the surface reflectance of
green building materials; / is the solar radiation intensity,
the unit is W/m? (according to the meteorological data); ¢
is the hemispheric radiance; ois the Boltzmann constant,
taking 5.66961x10°8 W/(m2eK*); Ty is the sky temperature,
the unit is K; hc is the convective heat transfer coefficient,
take 12 W/(m? ¢ K); Tq is the outdoor air temperature, the
unit is K; Tris the indoor air temperature, the unit is K; Ro is
the thermal resistance of the enclosure structure, the unit
is m2eK/W; Riis the thermal resistance of the inner surface
of the green building materials, taking 0.11 m2eK/W; Xsky is
the angular coefficient of the outer surface of the green
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building materials relative to the sky; xg is the angular
coefficient of the outer surface of the green building
materials relative to the ground (i.e., the area below the
horizontal line); & is the hemispheric radiance of the
ground.

The calculation of the external surface temperature
amplitude and the limit temperature difference of green
building materials are based on Equations (3) and (4):

AT 7; max 7; (3)
ATS max 7;.max - Ts.min (4)

where, AT; is the temperature volatility of the outer surface
of the green building materials in summer, the unit is K; 7TS

is the average temperature of the outer surface of the
green building materials in summer, the unit is K; Tsmax is
the highest temperature of the outer surface of the green
building materials in summer, the unit is K; ATs.max is the
maximum temperature difference between the day and
night of the outer surface of the green building materials,
the unit is K; Ts.min is the minimum night temperature of the
outer surface of the green building materials in summer,
the unit is K.

2.1.2. Equivalent thermal resistance index of green building
materials

In the existing green building design standards, the
prescriptive indicators for the thermal performance of
walls and roofs are dominated by the control of heat
transfer coefficients (Amin et al., 2016). Therefore, the
contribution of the green building materials insulation
effect to the energy saving of the ecological environment
would be very convenient if calculated by the equivalent
heat group (or equivalent heat resistance). The calculation
of the equivalent thermal resistance is mainly based on the
comprehensive temperature method theory in load
calculation (Zhang et al., 2018). First, the correction factor
for the heat transfer coefficient in summer and winter is
calculated. Then, the annual comprehensive correction
coefficient is calculated to obtain the equivalent thermal
resistance, as follows.

(1) Correction value of heat transfer coefficient in summer

Compared with ordinary building materials, the correction
coefficient us of the wall heat transfer coefficient of green

building materials throughout the summer can be
calculated by the following formula:
1-p a,l(l,-T)
=T + _ er\'a s _T
g, a, r (5)
aerzerH (6)
W=KFWZF,.
(7)
_kF Z[ (1-p)  C,AMT, TS’—T,j
8 aE

KFWZS‘,(Tﬁ(l_p’) £C,0T,—T) Tj

o [24

e e

KFWZ(EJF(l_p" g,COT —-T)
i o,

(8)
)
ae
where Fi is the temperature difference load of the
enclosure structure; & is the hemispherical emissivity of
green building materials; &, is the hemispherical emissivity
of ordinary building materials; K is the heat transfer
coefficient of the building exterior wall, the unit is
W/(m? e K); Fw is the outer wall area of the building, the

unit is m%; Z:is the integral of the time, indicating the

superposition of the temperature difference load during
the calculation period (Zhou et al, 2017); pr is the
absorption ratio of solar building materials to solar
radiation; pn is the absorption ratio of ordinary building
materials to solar radiation (Gu et al., 2019; Wang et al.,
2019); @is temperature at the inner surface.

The reflectance of green building materials is usually larger
than that of ordinary building materials, and the absorption
ratio is also smaller than that of ordinary building materials
(Hroudova et al., 2017), so the correction factor of the heat
transfer coefficient vs<1 in summer.

(2) Correction value of heat transfer coefficient in winter

In winter, the temperature set by the indoor air conditioner
is higher than the outdoor temperature, and the expression
of correction coefficient vw is:

L= p,) &G0, -T))
. ZU .
(7 =
L a ae

In winter, the correction factor of the heat transfer
coefficient vw>1.

(3) Correction value of heat transfer coefficient throughout
the year

The comprehensive effect of green building materials on
heat insulation in summer and insulation effect in winter of
the building, the correction coefficient o of the annual
heat transfer coefficient is obtained as follows:

_ vE +v,E,

1
E . +E, (10)

0
where Ec is the annual electricity consumption for heating,
the unit is kWeh/m?, which is determined according to
HDD18 (the number of heating days) in different regions;
Enis the annual power consumption of air conditioners, the
unit is kWeh/m2, which is determined according to CDD26
(number of air conditioning days) in different regions.

2.1.3. Maximum internal surface temperature and thermal
inertia index of green building materials

According to the description of the thermal insulation
properties of building materials in the relevant GB50176
specification, the thermal insulation properties of building
facades or roofing can be characterized by the highest
temperature inside the summer surface (Mavrikakis et al.,
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2017). The solar reflectance and hemispherical emissivity
of the outer surface are important factors influencing the
thermal insulation performance. The insulation effect can
be evaluated by calculating the highest temperature of the
inner surface (@max) of the green building materials for
different climatic conditions and green building materials
by the following formula.

O =0, 4 22+ =0 11

, )P (1)
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=T+ (12)
ROal

— — T1-p) &COT.-T

Sa:.,.e+ ( ,0)_ r=b (e s) (13)
ae ae

where, @max is the highest temperature of the inner
surface; 5, is the average temperature of the inner
surface; Atsa is the amplitude of the outdoor integrated
temperature; Au is the amplitude of the indoor
temperature; vo is the attenuation factor of the enclosure
structure; vi is the attenuation factor of indoor air to the
inner surface; f is the phase difference correction
coefficient; T is the

T=T+15; T,

sa

indoor average temperature,

is the outdoor integrated average

temperature; T_E is the outdoor average temperature;.Ro.
is the thermal resistance of the enclosure, m2eK/W.

Calculating the maximum temperature of the inner surface
is cumbersome. In practical engineering applications, the
thermal inertia D value is often used to simplify the thermal
insulation properties of the envelope structure (Gao et al.,
2016). Therefore, calculating the reflectance of different
sunlight has a strong practicality for the correction
coefficient oy of the D value.

27 27d,
D:R~5:R.\/ ” gC:R.\/ age (14)
T T-R
27dgc 12
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where, D is the thermal inertia index value of the envelope
structure; o&¢ is the thermal inertia index correction
coefficient of the envelope structure; R is the thermal
resistance of the envelope; S is the heat storage coefficient
of the envelope structure; A is the average thermal
conductivity of the envelope structure; g is the density of
the envelope structure, kg/m3 c is the specific heat
capacity of the envelope structure, J/(geK); Dr is the
thermal inertia index of the envelope structure when using
green building materials; Dy is the thermal inertia index of
the envelope structure when using ordinary building
materials.

Based on the above analysis, using the measurement
method similar to lioka and Akira to measure the thermal
insulation performance of paper cups, the parameters
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(temperature factor) that reflect the overall insulation
effect of green building materials in a certain temperature
range are proposed under low temperature conditions.
(Temperature below 400 °C)

Digital
j€«———  thermometer

Patch
thermocouple

Green
building
materials to
be evaluated

Heating fluid

Figure 1. The schematic principle of testing the thermal
insulation effect of green building materials

Table 1. Outdoor Temperature Changes On 27 July

. Temperature .
Time C) Time Temperature (°C)
1:00 25.06 13:00 40.81
2:00 25.03 14:00 42.77
3:00 25.46 15:00 39.38
4:00 26.02 16:00 36.25
5:00 26.85 17:00 33.16
6:00 27.54 18:00 30.70
7:00 28.09 19:00 28.36
8:00 29.33 20:00 27.44
9:00 32.46 21:00 26.86
10:00 35.41 22:00 26.62
11:00 38.10 23:00 25.17
12:00 39.66 0:00 25.02
2.2. Insulation  effect  evaluation  principle  and

mathematical model of green building materials

Figure 1 is a schematic diagram of the evaluation principle
of the green building materials insulation effect. The test is
carried out under standard conditions of ambient
temperature and humidity (23 °C £ 1 °C, 50% + 2%). The
green building materials sample to be evaluated is placed
between two metal heat sinks (Arora et al., 2016), and the
hot surface (outer surface) is heated by a digital
temperature-controlled water bath (high temperature
materials can be heated by hot oil) with an accuracy of +
0.2 °C; the cold surface (inner surface) is mounted on a
metal heat spreader with a patch-type thermocouple (Ya,
2017) with an accuracy of £ 0.2 °C. The temperature of the
water bath was adjusted by a digital thermostat, and the
temperature values of the cold and hot surfaces of the
green building materials in the measurement interval were
dynamically recorded.

The temperature deviation curve of the green building
materials is made based on the obtained measurement
results. The farther away from the standard line is, the
better the insulation effect of green building materials is
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(Lu et al., 2016; Wang et al., 2018). This curve can only be
qualitatively evaluated, especially when multiple sample
curves are closely aligned or partially intersected, which
cannot be accurately distinguished and judged (Feng et al.,
2018). Therefore, quantitative characterization is needed

to scientifically evaluate the insulation effect of green
building materials. To this end, the fitting curve of the cold
and hot surface temperature deviation curve of the green
building materials is further obtained, as shown in Figure 2.

Table 2. Fitting Curve Equations of Temperature Deviation Curves on the outer Surface of Samples on July 27

Cold surface temperature/ C

Sample number Linear regression equation Correlation coefficient )]
Sample 1 y=16.14278+0.55233x 0.9924 278.27
Sample 2 y=7.23556+0.72133x 0.9896 215.42
Sample 3 Y=4.43+0.88467x 0.9997 67.62

. research object, and relevant analysis is carried out. The
90 y result is as follows.
Standard » /
line A
/ 5500 —
/
o 10 - /
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: / 2
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Figure 2. The change of cold surface temperature with hot
surface temperature of green building materials

According to Figure 2, the equation for the fitting curve is
obtained:

tc :f(th) (16)

where, tc indicates the cold surface temperature of the
green building materials; t» indicates the hot surface
temperature of the green building materials.

Assume that the temperature range under the application
condition of green building materials is (ti,t2), and the
integral area between the fitted curve and the standard
line is obtained in the interval, and the value of the
integrated area is used as the insulation effect evaluation
parameters of the green building materials in the interval
(Xiao et al., 2017). It is a temperature factor, expressed as
w, and the expression is as follows:

Temperature factor  characterizes the average insulation
effect of different indicators such as external surface
temperature, equivalent thermal resistance, maximum
internal surface temperature, and thermal inertness over a
range of temperatures (Li et al., 2016). The larger the w s,
the larger the average temperature difference is. The
better the insulation effect is, the lower the energy
consumption is (Liu et al., 2018). The unit of temperature
factor is °C2.

3. Results

This paper constructs an insulation effect evaluation model
of green building materials for evaluating the insulation
effect of the external maintenance structure. A famous
green building in a certain city of China is taken as the

2500 —

2000 ! ! ! ! ! Ly
800 10:00 1200 14:00 16:00 1800

Time

Figure 3. Energy consumption change of air conditioning on July
27
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Figure 4. Variation of air-conditioning energy consumption on
December 31

3.1. Analysis of the evaluation results

Find the hottest day and the coldest day of the year in
which the study is located, using their meteorological data
as a disturbance factor. Two green building materials and
one common building material were labeled as Sample 1,
Sample 2 and Sample 3, respectively (Xiao et al., 2018).
When the temperature factor @ is used as the
characterization of the overall thermal insulation
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performance in the temperature range of -20 °C-50 °C, the
model is used to evaluate the thermal insulation effect of
different building materials in this interval, and compare
the amount of air conditioning energy consumption for
different building materials at the same time point. The
result is as follows.

Analysis Tables 1 and 2 show that July 27 is the hottest day
in the city where the research object is located. In this
environment, the temperature factors of green building
materials are 287.27 and 215.42, respectively, while the
temperature factor of ordinary building materials samples
is 67.62. The temperature factor of green building
materials is significantly higher than that of common
building materials, indicating that green building materials
have a good insulation effect. Figure 3 shows that the
overall trend of analysis of the three building materials is
consistent, but there is a significant difference in air
conditioning energy consumption. Sample 3 (ordinary
building materials) consumes the most energy, and the
energy consumption of a single-day air conditioner reaches
39,015 Weh, which is determined by its cross-insulation
effect. The other two green building materials have a small
energy consumption difference (Singh et al, 2018).
Compared with sample 3, the energy consumption of
single-day air conditioners was saved by about 14%, and
the results were consistent with the evaluation results of
building material temperature factors.

Table 3. Outdoor Temperature Changes On 31 December

. ) Temperature
Time Temperature (°C) Time °0)
1:00 -16.08 13:00 5.04
2:00 -16.00 14:00 6.98
3:00 -15.75 15:00 4.34
4:00 -11.24 16:00 1.73
5:00 -10.33 17:00 -3.15
6:00 -8.82 18:00 -8.17
7:00 -8.13 19:00 -12.33
8:00 -7.50 20:00 -14.06
9:00 -2.86 21:00 -15.31
10:00 1.36 22:00 -15.60
11:00 4.11 23:00 -16.22
12:00 5.00 0:00 -16.41

From Tables 3 and 4, and Figure 4, December 31 is the
coldest day in the city where the study is conducted. Due
to the difference in solar radiation variation law, the
change of winter temperature factor and the change of air
conditioning energy consumption are significantly different
from those in summer. However, the conclusions of the
temperature factor evaluation and energy consumption of
the three building materials are consistent with the
summer (Kang et al., 2018). Since the outdoor temperature
in winter is much lower than the comfortable temperature
setting of 18 °C, the energy consumption of air conditioning
in one day is much higher than that in summer, so the
energy consumption during heating in winter is high. The
experimental results show that the model can accurately
reflect the overall insulation effect of green building
materials under the combined influence of various
indicators in a certain temperature range.
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3.2. Comparison of roof and indoor temperature

The model in this paper was used to evaluate the
temperature inside the roof, the outer surface tempera-
ture and the indoor temperature under different climatic
conditions. The results are shown in Tables 5 and 6.

Since the roof is directly affected by solar radiation, its
surface temperature varies greatly with time, and the
highest temperature in summer can reach nearly 60 °C. The
surface temperature inside the shed is obviously lower
than the outer surface temperature. Especially at noon
outside the shed, the temperature difference between the
inner and outer surfaces of the shed can reach 19 °C (Chen
et al., 2018). In the morning and noon, the external
temperature is higher than the inner surface, and in the
evening, the inner surface temperature is higher than the
outer surface temperature. This law indicates that the
green material used in the building has the characteristics
of slow heating and slow cooling, reflecting its thermal
insulation performance (Golui et al., 2018). It can be seen
from Table 6 that the temperature of the outer surface of
the building shed in winter fluctuates greatly, and the daily
temperature difference can reach 20 °C. The fluctuation of
the inner surface temperature of the shed is small, which
indicates that the insulation effect of the green building
materials plays a role in preventing cold.

3.3. Evaluation and actual value of the highest temperature
index on the inner surface

The model was used to evaluate the highest temperature
value of the inner surface of the study object, and the
evaluation results were compared with the actual values.
The results obtained are shown in Table 7.

According to the analysis Table 7, the fitting of the highest
temperature evaluation value of the inner surface of the
outer protective structure to the actual value is good. The
difference between the temperature evaluation value and
the actual value of the research object wall and the inner
surface of the roof is basically controlled within 0.1 °C, the
lowest is 0.03 °C, and the average difference is about 0.07
°C. The analysis results show that the model has higher
precision in evaluating the insulation effect of the green
building materials.

4, Discussion

This paper constructs an insulation effect evaluation model
of green building materials for evaluating the insulation
effect of the external maintenance structure. A famous
green building in a certain city of China is taken as the
research object, and relevant analysis is carried out.

This paper uses the model to evaluate the insulation effect
under different building materials conditions and analyze
the energy consumption of air conditioning. In summer, the
sample temperature factors for green building materials
are 287.27 and 215.42, respectively, which is significantly
higher than the temperature factor of common building
material samples. It shows that green building materials
have a good insulation effect, and the comparison of air
conditioning energy consumption also verifies the
evaluation results. Due to the different solar radiation
intensity of outdoor thermometers, the temperature factor
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evaluation results of green building materials in winter are

different from those in summer, but the overall trend is
consistent.

Table 4. Fitting Curve Equation of Temperature Deviation Curve of Outer Surface of Samples on Dec. 31

Sample number Linear regression equation Correlation coefficient 1)
Sample 1 y=15.25389+0.46344x 0.9936 245.38
Sample 2 y=7.14667+0.63244x 0.9907 194.24
Sample 3 Y=4.34251+0.79578x 0.9986 55.44

Table 5. Summer Roof and Indoor Temperature of Building Structures

. Inner surface temperature of roof
Time

Surface temperature of roof (°C)

Indoor temperature (°C)

(°c)
8:00 28.06 31.62 34.22
Ji?y 14:00 34.36 40.61 26.85
19:00 30.61 27.14 26.83
8:00 27.33 28.96 24.79
Jil|7y 14:00 33.62 42.34 29.39
19:00 27.20 23.81 22.99
28 8:00 26.09 29.50 23.78
July 14:00 34.11 53.29 29.50
19:00 29.38 28.12 26.33
8:00 27.04 31.61 24.71
Jilgy 14:00 39.80 57.18 29.02
19:00 29.33 21.30 25.60

Table 6. Winter Roof and Indoor Temperature of Building Structures

Inner surface temperature of roof

Surface temperature of roof

Time °C) °C) Indoor temperature (°C)
8:00 3.82 -7.48 -1.31
Dec:Tber 14:00 5.94 6.96 3.43
19:00 1.38 -12.31 -1.32
8:00 -1.01 -8.62 -0.19
January 1 14:00 10.63 10.42 9.69
19:00 7.49 -2.49 6.80
8:00 -0.82 -7.11 0.61
January 2 14:00 13.88 14.90 8.03
19:00 5.90 -5.48 3.58
8:00 -0.91 -7.19 0.49
January 3 14:00 12.72 14.76 7.87
19:00 5.77 -5.63 3.50

Table 7. Comparisons of The Maximum Temperature of The Inner Surface of The Periphery Envelope with the Actual Values

Peripheral enclosure structure

Value of assessment  Actual value  Difference value

Maximum Temperature of Inner Surface of Eastern Wall (°C) 39.29 39.18 0.11

Wall Maximum Temperature on the Inner Surface of South Wall (°C) 39.66 39.71 0.05
Maximum Temperature on the Inner Surface of West Wall (°C) 38.58 38.61 0.03
Maximum Temperature on the Inner Surface of North Wall (°C) 38.28 38.19 0.09
Maximum Inner Surface Temperature at Northwest Point (°C) 42.47 42.54 0.07

Ceiling Maximum Inner Surface Temperature at Southwest Point (°C) 42.21 42.15 0.06
Maximum Inner Surface Temperature at Northeast Point (°C) 42.39 42.46 0.07

Maximum Temperature of Inner Surface at Southeast Point (°C) 42.29 42.39 0.10

The insulation effect is an important parameter for green
building design. In the hot summer, the solar radiation
affects the indoor warm environment through the building
maintenance structure, which hinders the radiation
dissipation of indoor people and aggravates the heat stress
of the human body. The roof is the enclosure that receives
the most solar radiation during the hot season. In
particular, attention should be paid to the insulation effect

of roofing building materials. In this experiment, since the
roof is directly affected by solar radiation, its surface
temperature varies greatly with time, and the highest
temperature in summer can reach nearly 60 °C. The surface
temperature inside the shed is obviously lower than the
outer surface temperature. Especially at noon outside the
shed, the temperature difference between the inner and
outer surfaces of the shed can reach 19 °C, which indicates
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that the green building materials used in the roof
effectively reduce the heat transfer effect.

From the perspective of the evaluation model, the average
difference between the evaluation value and the actual
value is about 0.07 °C, which indicates that the evaluation
model of this paper has high credibility. The evaluation
model in this paper is feasible in evaluating the thermal
insulation properties of green building materials. When the
roof is made of materials with high thermal resistance and
thermal inertia, the insulation effect is more significant.
According to the analysis of thermal parameters, it is found
that the total thermal resistance of the building’s outer
protective structure affects the average temperature of the
inner surface, while the thermal inertia index has a
significant impact on the total attenuation and total delay
time. Therefore, the insulation effect of the roof has a great
effect on the control of the indoor temperature.

5. Conclusions

At present, the standards for thermal insulation of green
building materials in China are mainly for reflective green
building materials, and there are few standards related to
some other types of green building materials such as
radiation type. Although different standards have slightly
different evaluation methods and limits for related
indicators, the solar reflectance and hemispheric
reflectance are basically used as the main evaluation
indicators and technical parameters of green building
materials. This paper constructs the insulation effect
evaluation model of green building materials under
ecological environment. The external surface temperature
index, the equivalent thermal resistance index, the thermal
inertia and the highest temperature index on the inner
surface are used to evaluate the insulation effect of the
green building materials. This study provides the necessary
basic data to further optimize the thermal insulation
structure of green buildings and analyze energy
conservation and consumption reduction.
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