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Abstract. The research uses a quantitative approach with descriptive, inferential and
SEM statistical analysis using the Partial Least Square (PLS) method. The results of
the study found that(gjersy management starting from planning, operation and
supervision showed a target cooling load of 25°C and a humandftyg fg hictel
buildings. The results of the calculation of external and inter ing loads
indicate that the hotel building has implemented an energy strategy using low
wattage air conditioners and inverters. The results of SEM-PLS analysis obtained that
the variables of planning, operation and supervision directly have a significant
influence on cooling load, th@l comfort and energy renewability. Cooling loads
and thermal comfort directly have a significant effect on energy renewability. For
thi_;ﬂm overall specific indirect effect, the planning, operation and
supkryision variables have a significant effect on energy renewability through cooling
load|and thermal comfort. This means that energy renewability is determined by the

implerentation =of energy-management starting from planning, operation and
supervision as well as the calculation of cooling loads and thermal comfort
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Commons  Attribution  Licensq _http://creativecommons.org/licenses/by/4.0/,  which  permits
unrestricted use, provided th&arigial atth
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1. Introduction

The global community is grappling with an energy crisis and air pollution, leading to increased
demand for renewable energy to reduce reliance on conventional energy sources. Several
developed countries, including Germany, Denmark, the United States, and China, have
committed to using 100% renewable energy by mid-century. Renewable energy is crucial for
meeting the demands of cooling, heating, electricity, and reducing fossil fuel consumption. The
concept of Zero Energy Buildings (ZEB) has been applied globally, where buildings are
classified as ZEBs when their energy consumption equals the amount of renewable energy

produced.

Hotel buildings are among the highest energy consumers, with significant energy use tied to
air conditioning, lighting, hot water, and other electrical appliances. In Indonesia, most high-
rise hotel buildings still rely on conventional energy sources, leading to increased electricity
consumption. There is a pressing need for energy-saving technologies in building design to
ensure future sustainability. This includes simulating energy use intensity (EUI) and
employing methodologies like Building Information Modeling (BIM) and Building Energy
Modeling (BEM) to optimize energy efficiency.

An effective energy management system (EMS) integratﬁ planning, operation, and
supervision to maximize energy efficiency. Key factors include building orientation, envelope
tr‘eatmentL sun shading, and cooling load management. Energy savings are influenced by
occupant behavior and building operations, such as air conditioning performance and usage
schedules] Additionally, thermal comfort in hotel buildings, determined by factors like airI

temperature and humidity, plays a critical role in energy strategy.

This study highlights the urgency of implementing energy management strategies in hotels,
particularly in Indonesia, to achieve energy savings and sustainability. The research questions
focus on the impact of planning, operation, and supervision on energy renewability, cooling

load, and thermal comfort in hotel buildings.

2, Method

This research is a type of quantitative research. The data from the research results need to be
analyzed to be presented into a research result. Data analysis is a very important part of the
scientific method. Therefore, to answer the problems and objectives of thel research,
descriptive statistical analysis, inferential statistical analysis and SEM analysis using the

Partial Least Square (PLS) method are used.
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3. Result and Discussion

Planning

The planning observed in this study is distinguished from the simulation result system and the
real system applied to t'i multi-storey hotel buildings. Planning of the results of energy
management simulations based on existing data on cooling load (target 25°C, humadity\GB%]
in the|ﬁve observed hotels.

Table 1. Existing Data on Cooling Load Variation in Sun Shading Dimensions in the Hotel

Building
Om Hotel Hotel ;l;}ff;\\ Hotel Hotel
Clarion  Aryaduta Bya Swissbel ™. Aston
1 4475 5632 4029 13107 = 21
2 4313 4744 [NEGE3NN 5881 6903
3 | 3610 5000 4220 9113 | 4171
5 5824
6 4140 4785
7 3845
8 4300
9 4536
The following is shown the data ofsunl shading size variations in the table below:

Table 2. Simulation of Sun Shading Size Variation (cm)

Cooling|load (target 25°C, humadity\ﬁﬁ%)
Size Variatibns

Hotel Sun Shading Watt %
(cm)

Hotel Grand Clarion 260 3398 -17.9

Hotel Aryaduta ™, 260 4140 -17.2

Hotel Sahid Jz 220 3515 -16.7

Hotel Swissbel ™. 240 6586 -27.7

Hotel Aston 10 4486 -3.9

Based on the planning ofthe simulation results, it is seen that after the a(ﬂtion ofthe variation
in the size of the sun shading, itis known thaﬁhe Grand Clarion Hotel of 260 ecm with a cooling
load of 3398 watts decreased by 17.9%, the Aryaduta Hotel by 260 cm with a cooling load of




4140 watts decreased by 17.2%, the Sahid‘]’aya Hotel by 220 ¢cm with a cooling load of 3515
watts decreased by 16.7&, Swissbe Th el by 240 cm with a cooling load of 6586 watts
itha cooling load of 4486 watts dﬁreased by
3.9%) The results of the comparison of the five hotels show that the highest rate ofﬂecline is

decreased by 27.7%, and Aston Hotel

the Swissbel\ﬂ‘stel with a sun shading dimensionl of 2.6 m, and the lowest one is the Aston
Hotel with a suit shading dimension| of 0.1 m.

The following is a resume of coolingloadl::ith occupancy variations in Lhe|f‘1ve hotel buildings

observed as shown in the following graphs and data:

” " —
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2 140 ' I l ' . . ' ' =' =fif=Hotel Claro
g wip=Hotel Arya Duta
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Occupancy Hunian (%)

o LOAD

Hotel Claro  Hotel Arya Duta  HotelSahid  Hotel Aston  Hotel Swiss Bel

OCCUPANCY HUNIAN (%)

141.1 136.2 133 161.4 186.2

Figure 1. Cooling Load Resume Chart with Occupancy Variations for the Five Observed Hotel
Buildings

The data grap}*ﬁbove shows that the cooling load at the Clarion Hotel is the highest, which is
146 watts/m2 at 100% occupancy, and the lowest is 139.8 watts/m2 atﬁ)% occupancy.The
cooling load at the Aryaduta\l:rotel is the highest, which is 140 watts/m2 at 100% occupancy,
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and the lowest is 134.3 watts/m2 at 7“: and 80% occupancy. The cooling load at Hotel Sahid ™

Jaya is the highest at 134.2 watts/m2 at 100% occupancy, and the lowest is 128.3 watts/m2
at 60% occupancyﬁhe cooling load at the Swissbell Hetel is the highest which is 190.4
watts/m2 at 80% occupancy, and the lowest isﬁﬁﬁ.z watts/m2 at 20% to 50% occupancy.
The cooling load at Aston| Hotel is the highest at 170.9 watts/m2 at 70% occupancy, and the
lowest is 161.4 watts/m2 at 10% and 30% occupancy.




Operation

The energy management of hotel building lementing operations is adjusted to the

16

performance of energy-efficient air conditioners applied t conservation measures in
the air conditioning system, namely by regulating the air conditioning temp
Every 1°C temperature increase will save energy use on the air conditioner by 1-6%. If the
initial temperature setting is changed to 25°C, it is assumed that there will be a decrease in
consumption of at least 6%. This business should be considered considering that it does not

cost at all, but reduces energy consumption and results in cost savings.

Table 3. Recapitulation of Energy Management Simulation Results
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Operation Highest Lowest Information
AC Performance Highest: Clarion Hotel
60.911 6.080
(power/kWh) Lowest: Hotel Sahid Jaya
Re?::ffsifh?“ z}me 14.602 3.9 Highest: Clarion Hotel
8 billion Million Lowest: Aston Hotel
Rp/year)
Changes in Air
Conditioning Off Hours 7.301 1.9 Highest: Clarion Hotel
(cost savings of Billion million Lowest: Aston Hotel
Rp/year)
Se“{gﬂi’;‘?eraﬁ 14.602 3.9 Highest: Clarion Hotel
vIngs billion Million Lowest: Aston Hotel
Rp/year)
Supervision

Air conditioning (AC) is a common and essential device in most hotel buildings, working by
cooling room air through the conversion of refrigerants like CFCs, HCFCs, orFCs from liquid
to gas. This process absorbs heat, which is then released outside the room. In hotels, AC units
often run 24 hours a day, but their use is typically adjusted according to the presence of
DCCupanLS' Energy conservation can be achieved if guests cooperate in using ACs only when
necessary.

Different hotels use various types of AC systems, such as central air conditioners, multi-V
systems, split ACs, ducting?ystems, and standing floor units. However, not all are energy-
efficient. To enhance energy savings, hotels should opt for efficient systems like VRV (Variable
Refrigerant Volume) or MultyWr‘ conditioners. These systems are equipped with central
CPUs, inverter compressors, and other technologies that improve energy efficiency, durability,

and overall performance, using one outdoor unit to serve multiple indoor units




simultaneously.
Table 4. Recapitulation of the Results of Hotel Building Energy Management Simulation
dupervision Use Information
: e The air conditioning
Air conditioning . .
. equipment for hotel rooms 5 Observation Hotels
equipment (pk)

is pk1 and pk2

Energy Saving Strategy Low Watt and Inverter 5 Observation Hotels

In the five hotels observed, energy management focused on air conditioning (AC) equipment,
primarily using 1 pk and 2 pk units with energy-saving strategies like selecting low-wattage
and inverter ACs. The energy strategy is based on coolingload and thermal comfort, involving
air dispersion to achieve the required temperature and humidity in hotel rooms. The study
evaluates energy efficiency in AC systems by calculating both external and internal heatloads.
External heat load considers factors like roo \ﬁlls, glass, partitions, and floors, while internal
heat load accounts for occupants, lighting, and electrical equipment. These calculations

determine the cooling capacity (TR) required for each hotel room.

ergy Renewal

In general, the energy renewability system in multi-storey hotel buildings has met the SNI
6390-2011 standard with a temperature ranging from 24-26°C with a humidity value range of
56-65%. The level of comfort in a room is very important to support the functions of the room
in the hotel building. The comfort level in question is an expression of the air condition
represented by at least two air properties in the lg)m, namely temperature and humidity.
Meanwhile, the room temperature level inside the hotel building is 25.5°C £1.5°C (24-27°C)
and the air humidity is 60% +5% (55-65%).

Cooling Load

Energy renewability systems in multi-storey hotel buildings require cooling loads that are in
accordance with the influence of external and internal heat loads. The external heat load is
highly determined by conduction, raﬁation and convection in determining the level of room
heat sensitivity (Btu/h) according to the area of the roof, walls, glass, partitions, sky, floor and
directﬁass Meanwhile, internal heat is affected by the occupants, lights and equipment in the
room, The cooling load based on the external and internal heat load determines the cooling

capacity (ton| ofrefrigreratic-n\}T-B].

Thermal Comfort

The energy strategy to obtain thermal comfort in a multi-storey hotel building, calculated
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based on the effective air temperature index, conducted a predicted mean vote (PMV) to
indicate the feeling ofcmﬁess and warmth felt by hotel guests, then predicted the percentage
of dissatisfaction using a predicted percentage of dissatisfied (PPD). The results of the energy
strategy for thermal comfort based on TR, ITE, PMV and PPD are summarized in the table
below:
Table 5. Recapitulation of the Results of the Simulation ufthﬁiEnergy Renewable System
Strategy
Hotel Buildings in Makassartrty.

Energy Strategy Highest Lowest Information
TR (ton) s131 070 kel sahid s
i () 33659 25125 [N hoton Hote
S e 15
PPD (%) 99.0 815 Highest: Swis bell Thetel

Lowest: Hotel Al‘yﬁdutﬂ

Overall, of the five hotels observed, the analysis of the energy-saving strategy of the hotel

building air conditioning system seen from the highest TR (ton) is the Aston Hotel and the
lowest is the Sahidj‘aya Hotel. Judging by the ITE (°C) the highest is the Swissbell Fotel and
the lowest is the Aston Hotel. Furthermore, the highest PMV is Swissbell Fiotel and the lowest
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is Aryaduta\H‘Dtel. While the highest PPD (%) is Swissbell Fotel and the lowest is Aryaduta\

Hotel.

alalisis\Stﬂlcmral Equation Model Partial Least Square (SEM-PLS)

The analysis technique used to interpret and analyze the data in this study is Structural
Equation Modeling Partial Least Square (SEM-PLS) which is operated through the Smart PLS
program version 3.0

Outer Testin

Theﬁter model analysis model defines how each indicator relates to its latent variable. As
for the measurement model for the validity and reliability test, the model determination
coefficient and the path coefficient for the equation model, can be seen in the following

figure:
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The Convergent ?F'Elidity value is the value of the loading factor on the indicator with| its
statement. Convergent Validity is used to determine the validity of each indicator in this
study. The expected value exceeds 0.7 as the minimum limit of the loading factor value. The

following is a table of covergenﬂ?a-l-idity values.

Tablé 6. £overgent Validity Valud
Variable Indicator Outer Loading Value

X11 0.802
Planning X12 0.865
X13 0.836
X21 0.781
Operation X22 0.713
X23 0.839
X31 0.883
Supervision X32 0.887
X33 0.840
. Y11 0.855
Cooling Load Y12 0768
Y21 0.797
Thermal Comfort v22 0.745
Z11 0.920

Energy R al
nergy Renewa 711 0919

From the data in Table 6, it is known that the overall value of the|outer loadigfindicator is

valid by obtaining a value above 0.7, so there is no need to retest

Average Variance Extracted (AVE)

The Average Variance Extracted (AVE) value| is used to determine whether the latent




1195

variable has adequate discrimination, namely by comparing the correlation of the indicator
with the latent variable must be greater than the correlation between the indicator and other
variables| If the correlation of the indicator with its latent variable has a higher value
compared to the correlation of the indicator with other latent variables, then it carﬁ said
that the latent variable has high validity. The standard AVE value is >0.5. The Average
Variance Extracted (AVE) values for each variable are as follows:

TabelNlaiMage Variance Extracted (AVE)

No Variable AVE Scores
1 Planning (X1) 0.675

2 Operation (X2) 0.800

3 Surveillance (x3) 0.666

4 Cooling Load (Y1) 0.707

5 Thermal Comfort (Y2) 0.697

6 Energy Renewal (Z) 0.752

Composite Reliability

To tesﬁhe constructed being studied, a composite reliability test was also carried out. This
test is to measure internal consistency and the value must be above 0.7. The composite

reliability value of each variable in this study can be seen in the following table 8:

Tabel?ﬂilaiz‘bmposite Reliability (CR)

No Variable CR Value
1 Planning (X1) 0.892
2 Operation (X2) 0.923
3 Surveillance (x3) 0.881
4 Cooling Load (Y1) 0.888
5 Thermal Comfort (Y2) 0.881
6 Energy Renewal (Z) 0.915

The data in Table 8 shows that the composite reliability value obtained by each variable is

above 0.7. Thus, it can be concluded that all constructs have good reliability according to the

required minimum value limit.
Cronbach's Alpha

The reliability test is also seen from the CronbachMa value cﬁeach variable. The expected
value is =z 0.6 for all constructs. The results of the outer PLS for the cronbach?l‘pha value can

be seen in the following table:
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Table 9. Cronbach Atpha (CA) V317§

No Variable / CA Va])gé
1 Planning (X1) 0.241

2 Operation (X2)

3 Surveillance (x3)

- Cooling Load (Y1)

5 Thermal Comfort (Y2)

6 Energy Renewal (Z)

Based mﬁmnbach' alpha value in Table, it is kn the value obtained for each

variable is above the yalue of 0.60{ Thus, At can b uded that all constructs have a good
Cmnbach'slalpha value because they are qualified.

Testing the Structural Model (Inner Model)

The structural model in PLS is evaluated using the value of the path coefficient for the
independent variablef which is then assessed for significanceéased on the t-statistic value of
each path. The structural model of the| research based on the results of the bootstrapping test

can be seen in the following figure:
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Figure 2. Bootstrapping Test Results

To assess the significance of the prediction model in structural model testing, it can be seen
from the p values between exogenous variables to endogenous variables in the following

table:

Table 10. Path Coefficient
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Original Sample Standard Value Sig
No Variable Sample Mean Deviation Value.
1 Planning for Cooling Load 0.168 0.168 0.060 2.815 0.003
2 Operation against Cooling Load 0174 0.182 0.070 2496  0.006
3 Supervision of Cooling Load 0.528 0.529 0.078 6.809  0.000
4 Planning for Thermal Comfort 0.250 0.243 0.122 2.048 0.021
5 Operation of Thermal Comfort 0.141 0.139 0.078 1.812 0.035
6 Supervision of Thermal Comfort 0.197 0.211 0.103 2.018 0.028
7  Planning for Renewable Energy 0.301 0.303 0.081 3.728 0.000
8 Operation towards Renewable Energy 0211 0.204 0.078 2.184 0.024
9 Supervision of Renewable Energy 0.254 0.249 0.115 1.921  0.033
10 Cooling Burden on Energy Renewables 0315 0.308 0.085 3.185  0.000
11 Thermal Comfort for Energy Renewal 0.294 0.215 0.103 2451 0.031

The data in table 10 shows the direct influence of the independent variable on the mediation

variable and the bound variable. It can be seen that the highest direct influence is the

monitoring variable on the cooling load with a t-value of 6.809 and a significance valu

0.000. The lowest direct influence was the operating variable on thermal comfort with a t-

value of 1.812 and a significance value of 0.035.

Tabel TH-Spesific Indirect Effects

. Original Sample Standard Value Sig
No Variable Sample Mean Deviation t Value.
1 Planning for Energy Renewal through 0.052  0.054 0.025 2112 0.018
Cooling Load
2 Operation towards Energy Renewal through  0.075  0.074 0.044 1699  0.045
Cooling Load
3 Supervision of Energy Renewal through 0.059 0.064 0.038 1.761 0.039
Cooling Load
4 Planning for Energy Renewal through 0.062 0.064 0.035 2223  0.012
Thermal Convenience
5 Operatioj towards Energy Renewal through  0.085  0.084 0.054 1799  0.030
Thermal donvenience
6 Supervision of Energy Renewal through 0.072 0.074 0.048 1671  0.046

Thermal Convenience

The data in table 11 shows the indirect influence of the independent variable on the bound

variable through the mediation variable. It can be seen that the highest indirﬁinﬂuence is

the planning variable on energy renewability through thermal comfort with a t-value of 2.223

and a significance value of 0.012.
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Nilai R'Square (R2)

The R Square value (R2) indicates the degree of determination of the exogenous variable to
its endogenous. A larger R2 value indicates a better level of determination. The value of R

square can be seen in the following table:

Table 12. R Square Value\

No Variable RSquare R Adjusted Square
1 Energy Renewal 679 0.6
2 Cooling Load 01189 02614
3 Thermal Comfort 0‘685 M

Based on the R square value in Table 12, it can be concluded that the value of

coefficient of the energy renewability variable is 0.679] This lains that the
contribution of planning, operation and supﬁsion variables in explaining energy
renewability is 67.9% and the remaining 32.1% is explained by other factors that are not
involved in this study| The value of the determination coefficient of the cooling load variable
was 0.189, explaining that the contribution of the planning, operation andﬂpewision
variables in explaining the cooling load was 18.9% and the remaining 81.1% was explained by
other factors that were not involved in this study]Similarly, the determination of the thermal
comfort variable was 0.685, explaining that the contribution of planning, operation and

supervision variables in explaining thermal comfort was 68.5% and the remaining 31.5% was

explained by other factors that were not involved in this studyi

4, Conclusion

The results of the analysis and discussion concluded thatplaing, operation and supervision
as a form of energy management implementation showed a target cooling load of 25°C and a
humandity?ﬁﬁﬂ%, the existing conditions of windows, glass and sun shading were different
according to the orientation of the hotel, some had the highest and lowesjcooling loads, the
cooling load could decrease depending on the dimensions of horizontal and vertical sun
shading, glass openings extending from top to bottom and double glass. Furthermore, based
on the calculation of external and internal cooling loads, TR was obtained from 0.370 tons to
5.131 tons, with thermal comfort based on ITE of 25.1 °C to 33.6 °C, PMV calculation results
obtained from 2.00 to 2.97, and PPD calculation results of 81.5% to 99%. This indicates that
the hotel building has implemented an energy strategy by using low wattage air conditioners

and inverters. This is in accordance with the results of SEM-PLS analysis, the variables of

planning, operation and supervision directly have a significant influence on cooling load,




thermalﬁmfnrt and energy renewability. Likewise, the cooling load and thermal comfort
directly have a significant effect on energy renewability. For thEI analysis of the overall specific
indirect effect, the planning, operation and supervision variables have a significant effect on

energy renewability through cooling load and thermal comfort. This means the

renewability is determined by the implementation of ener;
planning, operation and supervision as we

comfc-rti
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