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For tourism industry, the ever-increasing energy consumption and the high carbon
emissions are requiring close attention and prompt solution, thusly endowing the research
on the energy-saving of buildings in tourist resorts very important and practical
significance. For this reason, this study carefully considered the actual situations such the
energy utilization method and the hygrothermal environment of tourist resorts and
constructed a hygrothermal transfer model and the corresponding hygrothermal balance
equation for buildings in tourist resorts; then, the paper proposed a few effective strategies
for the energy-saving management of buildings in tourist resorts, and studied the annual

energy consumption of tourist resorts and gave a building energy consumption analysis. At
last, experimental results verified the rationality and effectiveness of the proposed energy
consumption assessment and energy-saving management methods for tourist resort
buildings in hygrothermal environment. This study provided a useful reference for the
energy-saving methods of buildings in tourist resorts.

1. INTRODUCTION

In recent years, the tourism industry in China has ushered in
a speedy growth. In 2020, the revenue of tourism industry
exceeded 475.2-billion-yuan, accounting for more than 7% of
the total GDP, and the tourism industry has become a powerful
force for the development of the national economy [1-3].
However, accompanying the booming situation, the ever-
increasing energy consumption and the high carbon emissions
of tourism industry have brought adverse effects on the tourist
resorts, thusly endowing the research on the energy-saving of
buildings in tourist resorts very important and practical
significance [4-6]. Existing studies mostly focus on aspects
such as the comfort of the thermal environment of tourist
resort buildings, the planning of energy consumption patterns,
the analysis of differences in carbon emissions during off-peak
and peak seasons, and the construction of energy utilization
analysis models [7-11], while the tourists’ high requirements
for the hygrothermal environment of tourist resort buildings
have been ignored. If we really want to achieve effective
energy-saving management of buildings in tourist resorts, it’s
necessary to comprehensively consider the issues of customer
satisfaction and building energy consumption [12].

Research on the formation mechanism of indoor
hygrothermal environment is of very important engineering
application value for better realize zero energy consumption
of building envelope and optimize indoor environment [13].
Johra et al. [14] constructed an indoor hygrothermal
environment model which is composed of an indoor
hygrothermal balance equation and a coupled fagade
hygrothermal transfer model, they tested the change law of
indoor hygrothermal environment under different weather
conditions and applied actual cases to analyze the impact of
different building envelop structures on the cooling load of air
conditioners, the heating load of heaters, and the indoor
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hygrothermal environment; then they proposed a set of indoor
hygrothermal environment regulation methods that suit the
load characteristics of zero energy consumption buildings. The
coupled hygrothermal transfer of external facade materials
have a great impact on the energy consumption of air
conditioners and the indoor hygrothermal environment [15-
18]. Mukai et al. [19] researched the theories of coupled
hygrothermal transfer in buildings, they built an experimental
platform to measure the temperature, relative humidity, and
indoor and outdoor temperatures and compared the measured
results with the simulation values; at the same time, they also
compared the indoor temperature, relative humidity, heat flow,
and humidity flow of the inner layer materials and insulation
materials of buildings under natural conditions, and used the
WUFI-Plus software to simulate energy consumption with
humidity transfer time taken into consideration. To stabilize
the humidity and indoor temperature within a comfortable
range for human body, Wang et al. [20] considered the issues
of power grid security and building energy conservation, and
established an air conditioning energy consumption
monitoring system under climatic conditions in hot and humid
areas; then, for the problem of increased energy consumption
caused by heat and humidity and the traditional treatment
methods, they constructed a BP neural network optimized by
particle swarm algorithm and accurately predicted the energy
consumption of air conditioners. The coupled hygrothermal
transfer process will directly affect the thermal performance of
materials, the energy consumption of buildings, and the
thermal comfort of the internal environment. Ozaki et al. [21]
tested the basic parameters of five common building materials
of rendering coat mortar, adhesive, concrete, EPS, and rock
wool; the thermal conductivity of these materials were
measured based on the guarded hot plate apparatus and the
heat-flow meter method, and their specific heat capacity was
measured using a hybrid method; moreover, they conducted
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pervaporation (vapor permeation) experiment to obtain the
change curve of the water vapor permeability coefficient under
different moisture content, and used the WUFI-Plus software
to simulate the hygrothermal energy consumption of a typical
city under the premise of considering the heat and moisture
coupling effect of the envelope structure; their research results
improved the energy efficiency of buildings and made the
indoor environment more comfortable. Yan et al. [22]
conducted orthogonal numerical experiments on hygrothermal
environment parameters that can affect the thermal comfort of
human body, such as the average radiation temperature, wind
speed, humidity, and air temperature, etc., and obtained the
heat balance equation of the room air and the inner surface of
the envelop structure; then, based on a constructed air-
conditioning system energy consumption model, they
researched the change law of energy consumption under
different thermal comfort index parameters, and used Matlab
to solve the optimal parameter combination. In order to obtain
more accurate results of the energy consumption of public
buildings, Park et al. [23] investigated the energy-consuming
system and equipment, the energy consumption situations, the
energy structure, and the air-conditioning equipment of 15
typical buildings in a city in the three seasons of summer,
autumn and winter, and calculated the energy consumption
indicators and tested the indoor hygrothermal environment;
their study provided a research idea for the energy
conservation planning of urban public buildings and the
sustainable development strategies of cities. As a new
comprehensive energy-saving technology for buildings, the
research on coupled hygrothermal transfer in near-zero energy
consumption buildings has received wide attention. Khoukhi
[24] wused the WUFI-Plus software to simulate the
hygrothermal energy consumption of three building materials
of polyurethane, rock wool, and EPS in near-zero energy-
consumption demonstration buildings in different cities, and
analyzed the building energy consumption and indoor comfort
based on the CTF algorithm and the HAM algorithm, and their
experimental results showed that the relative humidity in each
envelop structure had been significantly reduced.

To sum up current literatures we can see that the existing
studies haven’t fully evaluated the structural, economical, and
environmental characteristics of tourist resort buildings from
the aspects of transportation, accommodation, and activities
based on the actual situations of their energy utilization
method and hygrothermal environment. Starting from building
energy consumption, in the second part, this paper constructed
a hygrothermal transfer model for tourist resort buildings and
gave the corresponding boundary conditions; then, the indoor
humidity balance equation and the heat balance equation were
combined to establish the indoor hygrothermal balance
equation of tourist resort buildings with conditions such as
indoor humidity generation and indoor ventilation of the
buildings taken into consideration. In the third part, this paper
explored the impact of the proposed energy-saving strategies
on the annual energy consumption of tourist resorts, and
analyzed the energy consumption of the buildings. In the
fourth part, experimental results proved the rationality and
effectiveness of the energy consumption assessment and
energy-saving management methods proposed in the paper.
The fifth part gave the research conclusions.
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2. CONSTRUCTION OF HYGROTHERMAL
BALANCE EQUATION FOR BUILDINGS IN TOURIST
RESORTS

The hygrothermal transfer process of tourist resort buildings
has obvious coupling and complex nonlinear features. In order
to reasonably reduce the solution steps of the hygrothermal
transfer model and simplify the computation, this paper took
temperature and water vapor pressure as the driving potentials
of the hygrothermal transfer model, and made assumptions on
the porous medium skeleton of the building materials, the
vapor and liquid water forms, and the physical property
parameters of the building materials in each direction; the
study also assumed that hygrothermal transfer is affected by
time and temperature, and the contact between materials of
each layer is not easily affected by interference; on this basis,
a hygrothermal transfer model was constructed and the
boundary conditions were given.

2.1 Construction of the hygrothermal transfer model

In this study, the water vapor pressure and the liquid water
pressure were selected as the driving potentials for the water
vapor transfer and liquid water transfer in the construction
materials of tourist resort buildings. Assume 77, represents the
total water transfer volume; T, Cyv, Jg, Awv respectively
represent the transfer volume, diffusion coefficient, gas
constant, and pressure of the water vapor; Tiw, Ciw, Aiw
respectively represents the transfer volume, diffusion
coefficient, and pressure of the liquid water; A,, represents the
pressure of humid air in the transfer medium; ¢ represents the
thermodynamic temperature; Dy and J represent the water
density and water permeability coefficient; then the total
moisture transfer volume of building materials characterized
by the sum of water vapor and liquid water transfer volumes
can be expressed by Eq. (1):

0,60,

Ttm Z_(va_'_‘]kw ]VA\NVZ_JVAN\/ (1)

Assume A represents time; v and Dy represent the moisture
content and density of building materials, Eq. (2) gives the
hygrothermal transfer mass-conservation equation of the
building materials:

ov
DO E ==V 'Ttm (2)

Assume 4,, represents the pressure of saturated water vapor,
w represents the relative humidity of water vapor of the
building materials, then there is y=A,./4,,; assume # is the
slope of the wet balance curve of the building materials, then,
with the pressure of water vapor as the driving potential, the
moisture transfer equation of the building materials can be
expressed by Eq. (3):
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According to this equation, we can know that the moisture
transfer equation is the total differential of water vapor
pressure with respect to time. Since the partial derivative of y
with respect to ¢ is 0, by combining above equation with Eq.
(1) we can get:

d of.a oA, o
M:i_ ‘]M _H//i_g (4)
o gDy oyl oy oy ol
An can be calculated by Eq. (5):
g 3991
A =133 % ¢>273.15K ®)
6135
A, =610.8" ¢ ,e<273.15K (6)

Assume £, and Ay, represent the specific heat capacities of
water vapor and liquid water; g, represents the latent heat of
gas-liquid phase change; /&, represents the specific heat
capacity of building materials; and they satisfied
hy=ho+huwwthiwvi. Eq. (7) gives the heat transfer equation
of building materials:
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According to this equation, the heat transfer of tourist resort
buildings includes the phase change latent heat of water vapor
and liquid water and the heat gain of sensible heat. The latter
is very small compared with the former and is negligible.
Therefore, the heat transfer equation can be updated as Eq. (8):

DO hs %

Py Z_V'Q'i_gkvml;v

®)

Because the mass of water vapor in building materials is
very small compared with the mass of liquid water, if it is
ignored, then there is:

mILv :_V'va ZELJWV%} (9)
oy oy
Then, the heat transfer equation can be simplified as:
0 o 0 0 o
Dohs—g=—(u—gj+gkv—(mﬂj (10)
oA oy oy oy oy

A simplified hygrothermal transfer model for the building
materials of tourist resort buildings can be obtained by
combining Eqns. (4) and (10). The boundary conditions of the
hygrothermal transfer of the facades of tourist resort buildings
are the third-kind boundary conditions, the temperature and
humidity parameters of the internal nodes are not known, and
processing is required so that the discrete equation
corresponding to the nodes is in a closed state. The outdoor
atmosphere will exchange moisture with the exterior facade of
the buildings. Assume g, represents the convective mass
transfer coefficient of the exterior facade of buildings in case
that pressure of water vapor is the driving potential, then the
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moisture transfer equation of the building indoor and outdoor
hygrothermal transfer model is:

va +T3-kw :gso(AS-wv_%-wv) (11)

The outdoor atmosphere and the exterior facade of tourist
resort buildings have heat exchanges caused by water phase
change, and certain radiation and convection. Assume gy and
g represent the latent heat of phase change and the convective
heat transfer coefficient; es represents the surface temperature
of the building facade; & and ¢o represent the indoor and
outdoor ambient temperature; As.uv, Arw, Ao-w respectively
represents the pressure of water vapor at the building fagade,
the indoor water vapor pressure, and the outdoor water vapor
pressure; then the heat transfer equation of the fagade of tourist
resort buildings can be expressed as:

Q+gshTS-vw :gshgso(&-vw_AJ-vw)_'_g(gs _80) (12)

When indoor air exchanges moisture with the inner surface
of the building facade, the moisture transfer equation can be
expressed by Eq. (13):

va+A5-wv :gso(Al-wv_%—vw) (13)

The heat transfer equation for the heat exchange, radiation,
and convection between indoor air and the inner surface of the
building facade can be expressed by Eq. (14):

Q+gshTS—wv =090 (AI—MN_A)—\AN)+g(‘9I _SS) (14)

By measuring parameters such as the altitude angle,
azimuth angle between the buildings in tourist resorts and the
sun, and calculating the total solar radiation on the horizontal
plane, the boundary conditions of the heat gain of solar
radiation could be obtained. Assume UN represents the
apparent solar time, then the solar time angle 6 can be
calculated according to Eq. (15):

0 =15x(UN -12) (15)

Assume ¢ represents the serial number of the measurement
date, then the solar declination angle f can be calculated as
follows:

,8=23.5xsin(360x284+q) (16)

Assume j represents the sun's incident angle; ¢ represents
the latitude of the tourist resort; a, y respectively represents the
angle between the building facade and the horizontal plane,
and the sun's azimuth angle; then the cosine value cosj of the
sun's incident angle can be calculated by Eq. (17):

cosj = sing(sinpcosa — cospnsinacosy ) +
€0S4CoS o (COSpCOSa +SiNgsinacosy )

(17

+cospsinasinysino

Assume Jgr and J,; represent the direct sunlight radiation
intensity on the horizontal plane and on the normal plane



perpendicular to the sunlight; and E represents the altitude

angle of the sun, then Jzr can be calculated by Eq (18):

Jpe = J,SINE (18)

Jra, the direct sunlight radiation intensity on any plane, can
be calculated by Eq. (19):

Je :chosj (19)

Assume J,z and J,, represent the scattered sunlight radiation

intensity on the horizontal plane and on any plane, then the
relationship between the two can be expressed by Eq. (20):

J.. = JrEcos% (20)

Assume Jyg represents the total sunlight radiation intensity
on the horizontal plane; D, represents the reflectivity of
sunlight on the underlying surface; then Jp,, the radiation
intensity of sunlight reflected from the underlying surface to
the building facade can be calculated by Eq (21):

Jo, =D, (1—cosz gj Q1)

Ji, the total sunlight radiation intensity of the building

fagade, can be calculated by Eq. (22):

JfazJRa+‘]ra+‘]Da (22)

Assume Dy, represents the radiation absorption coefficient

of building fagade; then Qy, the heat gain of sunlight radiation
of the building facade can be expressed by Eq. (23):

Qu =34, XDy, (23)

When calculating the total sunlight radiation, the direct and
the scattered radiation needs to be calculated separately.
Suppose A1, Az, A13, and A4 are first-order or second-order
functions of sinE, the Gompertz function model can be used to
separate the direct radiation and the scattered radiation:

Gy = AA (24)
The Jo-sinE dimensionless calculation of direct sunlight
radiation can be performed using Eq. (25):

_ JeeSINE - Jge

T JSinE J,

) (25)

df

Assume Jy is solar constant, then the index of sunny days
G4 can be calculated by Eq. (26):

_ JpeSINE+J,,

Gsd -
JoSinE

(26)

Correspondingly, Jgr, the sunlight radiation intensity on the
normal plane, can be obtained from Eq. (27):
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2.2 Construction of the hygrothermal balance equation

Based on the law of mass conservation, this paper selected
the indoor moisture generation rate within a fixed time
duration, the moisture transfer change under the condition of
indoor ventilation, and the per unit time moisture absorption
and desorption of the building facade surface as the main
influencing factors for the indoor and outdoor air humidity of
buildings in tourist resorts. Assume H; and H; represent the
indoor and outdoor air humidity of tourist resort buildings; K
and p, represent the indoor moisture generation rate and air
density; Vyand / represent the room volume and the frequency
of room ventilation; Hs represents the indoor surface humidity
of the building; under the condition that the difference in
moisture content of the humid air acts as the driving potential,
the convective mass transfer coefficient of the exterior facade
of buildings is represented by gy0, Eq. (28) gives the indoor air
humidity balance equation of the building:

aH, () _ K0
L -1, 0] .
e fmn

The relationship between the pressure of water vapor in the
building and the air humidity can be described by Eq. (29) as:

H =0.622 Aw (29)
The pressure of water vapor is:
H-A

= 30

Aw 0.622+H (39)

The balance equation of indoor water vapor pressure for
buildings in tourist resorts can be obtained by combining Eqns.
(28) and (30).

The heat gain of convection and the heat gain of radiation
have a large difference in the cooling load conversion speed,
the conversion of the latter has some delays compared with the
former. Therefore, in order to accurately calculate the indoor
load, it is necessary to calculate the heat gain of convection
and the heat gain of radiation separately. This paper
summarized the main influencing factors of heat transfer in
tourist resort buildings as the heat gain of radiation of sunlight
coming from the facade and doors and windows of the
buildings, the heat generated by indoor heating equipment, the
heat generated by the moisture absorption and desorption of
the facade, and the heat gain of convection generated by
ventilation between indoor and outdoor environment. Assume
g4, Sp, &-p Tespectively represents the p-th building facade’s
convective heat transfer coefficient, area, and the
corresponding indoor wall surface temperature; ¢; represents
the indoor air temperature. The indoor heat gain Wy(x)
generated by the heat transfer of building fagade with outdoor
temperature and sunlight radiation can be calculated by Eq.

31):



)=2.9.S [gs p j(t)}

Assume P. and /. represent the area and heat transfer
coefficient of the doors and windows of the buildings, then,
the indoor heat gain W.(x) generated by the heat transfer of the
doors and windows of the building can be calculated by Eq.
(32):

1)

(32)

Assume D, and wg, represent the outdoor air density and
constant-pressure specific heat capacity; then the indoor heat
gain W,(x) generated by the heat transfer of natural ventilation,
infiltration, and other methods can be calculated by Eq. (33):

W, (t) = D,w,V, [ee (t)—sj (t)]

Assume K(f) represents the latent heat of evaporation, then
the indoor heat gain Wx(x) generated by the phase change of
the indoor humid air in the building can be calculated by Eq.
(34):

(33)

W (1) =2
=ZK

Assume g;and Yy represent the transmission coefficient and
effective area coefficient of the windows and doors of the
building; ZK represents the shading coefficient of the building;
Y represents the actual lightening area coefficient of the
sunlight entering the room through the glass windows and
doors; then the heat gain W,,(x) generated by sunlight radiation
can be calculated by Eq. (35):

t)9q.P [ He, (1)
) 9e-i i|:ASWv-i( )_Aw-i(t)]

(1))

(34)

W, (t)=J(t)-&,-ZK-Y, -P,-Y, (35)
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In order to accurately calculate the heat gain of radiation
with its delay characteristics taken into consideration, this
paper constructed the indoor heat balance equation for tourist
resort buildings based on the radiation time series factor
method. Assume &, represents the proportion of heat gain of
each indoor heat generation method; for time moment t, W,(¢)
represents the total heat gain of the corresponding indoor heat
generation method; D; represents the i-th radiation time factor,
Eq. (36) gives the heat balance equation of indoor air in tourist
resort buildings:

N

=21~

1

de. (t

D,Q,V,

%)

By combining Eqns. (28-30) and (36), the indoor humidity
balance equation and the heat balance equation were combined
to obtain the indoor hygrothermal balance equation.

(36)

W, 1)+ DEW, (1-1)

3. IMPACT OF ENERGY-SAVING STRATEGIES ON
THE ANNUAL ENERGY CONSUMPTION OF
TOURIST RESORTS AND THE ENERGY
CONSUMPTION ANALYSIS

In terms of researches concerning the impact of thermal
insulation layer of building facade, this paper summarized
three commonly-used domestic building facade thermal
insulation methods, namely the self-insulation technology of
external wall, the internal thermal insulation technology of
external wall, and the external thermal insulation technology
of external wall. In our study, 8 sets of 10mm-80mm
polystyrene insulation layers were added to the external side
of the 0.3m-thickness external wall, and its impact on the
annual energy consumption of the building was tested, Figure
1(a) gives the experimental results. It can be seen from the
figure that the energy consumption of the building gradually
decreases with the increase of the thickness of the insulation
layer.

250

Cooling Heating Total energy consumption

200
150
100

50

0 30 60 90 120 150 180 210 240 270 300 330 360

Building orientation angle

(b)

Figure 1. Impact of insulation-layer thickness and building orientation on building energy consumption

The orientation of buildings is very important to the visitors
of tourist resorts. The sunlight exposure rate of the south-
facing rooms and the north-facing rooms is quite different.
Tourists would choose the room orientation based on the
climatic conditions of the tourist resort and the architectural
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design of the buildings. More architects adopt the "passive
building" strategies for the design of tourist resort buildings,
such as setting high-low temperature buffer zones, minimizing
the building shape coefficient, taking building fagade thermal
insulation measures, and making full use of geothermal energy



and solar energy, etc. Using the eQuest3-64 software, this
paper comparatively analyzed the changes in the cooling and
heating energy consumption of buildings in 18 different
azimuths from 0° to 360°. Figure 1(b) shows the experimental
results, according to which we can see that the occupancy
comfort and indoor ventilation effect are greatly affected by
the orientation of the building. South-southwest 40° and 80°
are building azimuth angles corresponding to the minimum
and maximum building energy consumption.

290 —&— With lightening control system
—l—Without lightening control system

286

282

278

274

Total energy consumption of the building

270

4
Group number

Figure 2. Change of total building energy consumption under
different lighting control system settings

Figure 2 shows the change trend of total building energy
consumption under different lighting control system settings.
According to the figure, the better the lightening conditions of
the building, the more energy saved, therefore, the window-to-
wall ratio of tourist resort buildings has a great impact on
indoor lighting and the energy consumption of heating and
cooling equipment. Figure 3(a) gives the change of the annual
energy consumption of the building under different window-
to-wall ratios. It can be seen from the figure that the annual
energy consumption of the tourist resort buildings increases
linearly with the increase of the window-to-wall ratio, and the
energy consumption values of indoor heating and cooling
equipment are both increasing as well.

The shading method of buildings also has a great impact on
energy consumption. The figure shows the comparison results
of the annual energy consumption of buildings with different-
type curtains. Figure 3(b) shows the comparison results of the
building's annual energy consumption under different external
sunshade lengths. According to the figure, curtains that can
only block the light haven’t effectively reduced the heat gain
of the building; the building’s annual energy consumption
gradually reduces with the increase of the length of the
external sunshade; but too-long external sunshade would
decrease the indoor heat gain during winter, therefore, it’s
necessary to reasonably design the shading method of the
buildings in tourist resorts.

Different types of glass have different functions. Glass is
used in various parts of buildings such as exterior windows,
indoor screens, and glass doors, and a reasonable selection of
glass types will improve the comfort of human body and
enhance the energy conservation of buildings. Table 1 and
Figure 4 show the energy consumption comparison of 4 types
of glass. According to the table, the third type glass has the
best energy-saving performance.
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Figure 3. Impact of curtain type and length of external
sunshade on building energy consumption
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Figure 4. Impact of glass type on building energy
consumption

Table 1. Building energy consumption of different-type glass

Glass Energy. Energy‘ Total energy
type consumptlon consum[.)tlon consumption
of heating of cooling
01 89.96 42.22 269.16
02 75.23 45.93 235.08
03 74.65 45.68 221.23

04 75.67 45.78 241.58




Whether tourists traveling in summer would open windows
for natural ventilation and cooling down is directly related to
the hygrothermal environment of the tourist resort. For
buildings in tourist resorts, the effective reduction of energy
consumed by air-conditioning in summer is mainly
determined by two aspects: 1) by reasonably planning and
scientifically transforming the structure and fagade of
buildings in tourist resorts, the cooling effect of natural
ventilation could be enhanced; 2) using "high-quality cold
resources" in summer where the tourist resort is located for
cooling. In tourist resorts, the energy consumption method of
winter heating is quite different from that of the cooling of air
conditioners, the heating methods change greatly with the
diverse heating equipment, which mainly includes electric
heaters, air conditioners, and electric blankets, etc.

Based on the selection of energy types and the cost
estimation of cooling and heating energy consumption, the
cost of the energy consumption of tourist resort building
operation can be calculated. In the building energy
consumption of tourist resorts, the proportion of heating
energy consumption is far greater than that of the cooling
energy consumption, and this situation has resulted in that the
economic cost and environmental features of heating energy
consumption are higher than those of cooling energy
consumption, and it’s necessary to analyze the correlations of
parameters that are related to energy consumption. Suppose
ka» represents the simple correlation coefficient between
parameter variables a and b; M represents the number of
observed values of a and b; a; and a4y represent the j-th
observed value and the average value of a; b; and b4y represent
the j-th observed value and the average value of b. The &, of
normal-distribution equal-interval measurement can be
calculated using the Pearson product-moment correlation
shown as Eq. (37):

i(aj — 8y )(bj _bAV )
\/J“”Z(a,. o, ) 30, by, )

j=1 j=1

(37

4. EXPERIMENTAL RESULTS AND ANALYSIS

To figure out the impact of building orientation on its
energy consumption, Table 2 shows the energy consumption
of 18 building orientations. According to the table, there’s a
7.3% difference between the largest energy consumption
(building orientation is south-southwest 80°) and the smallest
energy consumption (building orientation is south-southwest
40°); buildings of the former orientation angle have poorer
lightening, less solar radiation, their cooling energy
consumption is the minimum while the heating energy
consumption is the maximum; on the contrary, buildings of the
latter orientation angle receive more solar radiation, when their
cooling energy consumption grows, the heating energy
consumption decreases.

This paper measured temperature, humidity, and water
vapor on the facade of tourist resort buildings. Figures 5(a) and
(b) respectively show the temperature measurement results of
the east and west facades; and Figures 6(a) and (b) respectively
give the relative humidity measurement results of the east and
west fagades.
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Table 2. Energy consumption of buildings in different

orientations
B.ulldn}g Heating Cooling Total energy
orientation energy energy .
. . consumption
angle consumption consumption
20° 81.34 47.11 272.12
40° 81.27 47.32 272.05
60° 81.79 47.56 272.52
80° 87.83 45.12 291.92
100° 87.25 45.29 291.32
120° 87.13 48.74 291.17
140° 87.76 48.56 291.14
160° 87.45 48.52 291.86
180° 81.12 48.23 273.27
200° 81.68 48.31 273.64
220° 87.72 48.43 273.56
240° 81.57 48.26 291.25
260° 81.93 45.37 291.04
280° 81.15 45.35 273.18
300° 81.28 45.68 273.02
320° 81.23 45.61 273.07
340° 81.28 45.64 273.12
360° 81.35 45.31 273.29
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Figure 5. Temperature measurement results of building
fagades

It can be seen from Figure 5 that the temperature values on
the east and west facades of the buildings both present small-
range irregular periodic changes. The temperature fluctuations
of the East-No.1 point and the West-No.1 point that are closest
to the outdoor are the greatest since they are most affected by



the outdoor temperature; on the contrary, the temperature facade has the same trend with the indoor and outdoor

fluctuations of the East-No.5 point and the West-No.5 point temperature changes. The above analysis results are similar to
that are closest to the indoor are the smallest and present the measured results of the water vapor pressure of building
certain delays. The overall temperature change of the building fagade shown in Figure 7.
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Figure 6. Measured results of relative humidity of building fagade
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Figure 7. Measured results of water vapor pressure of building fagade
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Figure 8. Comparison results of calculated and measured values of indoor temperature and relative humidity

According to Figure 6, the relative humidity values of the values of the East-No.1 point and the West-No.1 point that are
east and west fagcade of the buildings in the tourist resort are closer to the outdoor and the East-No.5 point and the West-
relatively high, then they show a decline trend with the No.5 point that are closer to the indoor are relatively low.
increase of the measurement time. The relative humidity Figure 8 shows the comparison between the calculated and
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measured values of indoor temperature and relative humidity.
The largest error 2.03°C between the calculated and measured
indoor temperature appears in the 279th hour, and the
calculation error is 12.14%. As for the relative humidity, the

largest error 0.45 appears in the 165th hour, and the calculation
error is 7.69%. The change trends of the two calculation curves
are the same, and both are within the allowable range of
construction projects.

Table 3. Correlation analysis of the impact of different heating methods on building energy consumption

Heating method HMI1 HM?2 HM3 HM4 HMS5 HM6
Correlation 1 / / / / /
ML gionificance / / / / /
Correlation  -0.075 1 / / / /
HM2 Significance  0.51 / / / / /
HM3 (?orr_elation -0.69  0.151 1 / / /
Significance  0.653  0.319 / / / /
HM4 Qor{elation 0.06 -0.058 -0.153 1 / /
Significance  0.91 0.615 0.181 / / /
HMS Clorr.elation -0.062 -0.093 -0.154 0.186 1 /
Significance  0.523  0.452  0.236 0.142 / /
HM6 (?orr_elation -0.058 -0.077 -0.094 -0.092 -0.097 1
Significance 0.637  0.523  0.435 0.458 0.483 /
M1 C_orr_elation -0.06  0.238 0.212 0317 0.856 -0.112
Significance 0.916  0.059 0.083  0.042 0.00 0.279

With heating energy consumption as the example, SPSS
was used to analyze the correlation and significance of the
impact of heating method on building energy consumption.
Table 3 shows the analysis results of six heating methods:
electric energy, liquefied gas, natural gas, firewood, coal, and
clean oil. According to the table, when the energy
consumption of a single heating method is taken as the
dependent variable, the energy consumption of other heating
methods has no obvious correlation with it, indicating that the
energy consumption structure of buildings in the tourist resorts
is relatively simple. However, according to the estimation of
the cost of cooling and heating energy consumption and the
cost of energy consumption of tourist resort building operation,
the costs of the natural-gas heating method and the electric
heating method account for more than 15% and 67% of the
cost of total energy consumption, and the cost of cooling
energy consumption accounts for about 21% of the total
energy consumption. The energy consumption proportions of
other heating methods are relatively small, and their impact on
the cost of total energy consumption is litter.

5. CONCLUSION

This paper proposed a novel energy consumption
assessment and energy-saving management method for
buildings in tourist resorts in hygrothermal environment.
Starting from the energy consumption of buildings, this paper
first constructed a hygrothermal transfer model for tourist
resort buildings and gave the corresponding boundary
conditions; then, with conditions such as indoor moisture
generation and indoor ventilation of the buildings taken into
consideration, this paper combined the indoor humidity
balance equation with the heat balance equation to establish
the indoor hygrothermal balance equation for tourist resort
buildings; after that, this paper proposed effective energy-
saving strategies and analyzed their impact on the annual
energy consumption of tourist resorts and the energy
consumption of buildings; later on, related experiments were
designed, and the temperature, humidity, and water vapor of
the facade of buildings in tourist resorts were measured; at last,
the SPSS software was used to analyze the correlation and
significance of the impact of heating method on the energy
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consumption of buildings, and the experimental results had
verified the rationality and effectiveness of the proposed

energy consumption assessment and energy-saving
management method.
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