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Abstract: The heating, ventilating, and air conditioning (HVAC) system consumes nearly 50% of the building’s energy, especially in Taiwan with a hot and humid climate. Due to the challenges in obtaining energy sources and the negative impacts of excessive energy use on the environment, it is essential to employ an energy-efficient HVAC system. This study conducted the machine tools building in a university. The field measurement was carried out, and the data were used to conduct energy modelling with EnergyPlus (EP) in order to discover some improvements in energy-efficient design. The validation between field measurement and energy modelling was performed, and the error rate was less than 10%. The following strategies were proposed in this study based on several energy-efficient approaches, including room temperature settings, chilled water supply temperature settings, chiller coefficient of performance (COP), shading, and building location. Energy-efficient approaches have been evaluated and could reduce energy consumption annually. The results reveal that the proposed energy-efficient approaches of room temperature settings (3.8%), chilled water supply temperature settings (2.1%), chiller COP (5.9%), using shading (9.1%), and building location (3.0%), respectively, could reduce energy consumption. The analysis discovered that using a well-performing HVAC system and building shading were effective in lowering the amount of energy used, and the energy modelling method could be an effective and satisfactory tool in determining potential energy savings.
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1  Introduction

One of the largest consumer energy sectors worldwide is the buildings sector. Existing building stock represents the potential for energy-saving renovations. The building and service sector area is a substantial energy consumer accounting for around 40% of total primary energy consumption [1]. Energy savings are key demands for sustainable building refurbishment, especially in school buildings, and a case study of energy consumption in selected campus buildings in temperate climatic conditions was performed [2]. The lack of knowledge about building energy use patterns and how to promote their variation is currently the main barrier to fully exploiting the management of buildings [3]. The proposed building design is then economically evaluated to ensure its viability, and findings indicate an energy saving of 29% can be achieved [4].

The HVAC system dominated the energy usage and cost in a building [5]. Additionally, HVAC-related energy use represents 50% of the building and 20% of total energy consumption [6]. Several investigations identify the innovation concerning future HVAC systems and how to keep the indoor environment safe while maintaining energy-efficient operation in buildings [7]. In such a way, the perspective of an important way to reduce HVAC energy consumption is to adjust the set point temperature of the thermostat could save up to 30% [8]. Furthermore, temperature setpoints would reduce the annual energy demand by 0.9%–8.7% [9]. HVAC optimization framework that can provide optimal predictive control of the HVAC system based on the weather forecast and estimated indoor temperatures to minimize energy use by HVAC systems [10]. The strategy for reducing energy consumption in the building by optimizing a chiller system present to reduce the total power consumption with a variable COP is chosen, indicating a 12.3% cost reduction [11]. In addition, building shape might play an important role in its energy performance, especially due to self-shading, and to evaluate the impact of using different reference building shapes to develop a bottom-up benchmarking of building [12].

Building energy simulation using software to predict the energy consumption of the building into eight categories: prediction, estimation, consumption, optimal design, evaluation efficiency, management, and optimization [13]. Building energy consumption has been investigated to encourage suitable performance summary and managing or optimizing using software models and simulations [14]. A simulation conducted the research method for energy savings based on energy management strategies [15]. Several methodologies were implemented to estimate energy saving, predict the specific meteorological data of the year, and needed selected building data for real-time building energy consumption, then simulating the software model using the actual power consumption [16]. Research using simulation EnergyPlus can effectively reduce energy and money consumption pointed out the appropriate orientation and lighting control [17]. Simulations were performed by using EnergyPlus in order to measure the influence of behavior patterns on the building’s energy consumption [18]. On the other hand, building energy modelling is necessary to estimate energy consumption and determine the energy performance of the building during the design phase [19]. Many researchers have studied the important issue of daylight use to improve building energy performance [20]. The energy simulation using EnergyPlus is investigated; the Envelope Thermal Transfer Value (ETTV) was an effective process of the building, but it should be compared with the envelope heat of different walls of a warm and humid climate [21]. Furthermore, the building energy model has been widely used in building design because of the requirements from various green and energy-efficient building standards and certifications [22]. The Building Energy Management Systems (BEMS) installed in buildings contain a gold mine of data, which could be exploited for ongoing commissioning of the HVAC system [23]. BEMS systems could increase occupant satisfaction, create a comfortable and productive environment, and reduce energy consumption, operational costs, and environmental impacts, including carbon emissions [24]. The main goal of this study is to identify and minimize energy consumption utilizing a variety of strategies based on energy-efficient methods, including room temperature settings, chilled water supply temperature settings, chiller coefficient of performance (COP), shading, and building location.

2  System Description

The investigated building, which is a large infrastructure with a sustainable green environment and machinery tool building on the university campus, is characterized as forming metals or metal working equipment. It is situated in the central of Taiwan with a hot and humid weather conditions. Its total floorage is about 40,025 m2 from the B1 floor to 5F.

The schematic diagram of HVAC system is illustrated in Fig. 1. The overall cooling capacity of 210 refrigeration tons (RT), includes two screw-type chillers with a capacity of 200 RT (648 kW), and a chiller with a small capacity of 10 RT (35 kW). Chiller 1 (CH1) and Chiller 2 (CH2) are constant speed-driven chillers operated alternatively for base cooling load demand, while Chiller 3 (CH3) is a variable speed-driven chiller with an inverter for peak cooling load variation. There were chiller water pumps (11 kW) to distribute and supply chilling water for AHU purposes.
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Figure 1: Schematic diagram of the chilled water system

The specifications of HVAC facilities are demonstrated in Table 1. The HVAC system’s specifications show that the chiller water supply temperature and return are 7°C and 12°C, respectively. Common space has a predetermined temperature of 24°C as designed. When used in conjunction with the air conditioning system, the two 100 RT chillers provide all standard rooms with the necessary cooling. While Chiller 3 (CH3) is a variable speed driven chiller with an inverter for peak cooling load variation, two chillers are screw chillers run alternately for base cooling load demand positioned on the rooftop. Enhancing the designs of their different integrated mechanical and electrical components is crucial to achieving effective HVAC systems, which play a significant role in buildings. Building energy consumption will be significantly reduced because of more effective HVAC systems.
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3  Methodology

The buildings are a crucial area for attaining sustainable development since building facilities’ energy consumption has become an exciting innovation for developers. The energy consumption of HVAC systems in school buildings should be reduced. Significant improvements in energy efficiency are the study’s main goal. There has been significant growth in the energy consumption of industrial environments, especially in tropical countries. In this work, the methodology that supported this research has been utilized. The BEMS, which has been installed at this building, provides the necessary data information collecting for one year. In addition, the data information is utilized to confirm the simulation data that will be used. On the other hand, the 3D geometry modelling for the energy modelling should have been created and divided into 6 HVAC cooling zones before starting the simulation.

3.1 Field Measurement

To evaluate the building energy performance, a comprehensive field measurement needs to be carried out along with HVAC system testing, balancing, and adjusting (TAB), including water temperature, energy consumption, temperature, humidity, and airflow rate supply. Field measurement tests were conducted to provide reliable baseline data for comparison, and verify the simulation results for performance improvement, and find possibilities for energy efficiency in the building. The air temperature, humidity, and velocity in a typical room were monitored and recorded using a TSI-8380 air capture hood with an accuracy of 3%. The TSI-9569-P sensor recorded airflow rates at the accuracy of 3%, and the power meter apparatus model is HIOKI-3169-20/21 with operative range 0–600 Vrms, 0.5–5000 A. Next, the measurement is balancing valve apparatus model is PFM2050 with an operative range of up to 150 kPa the accuracy of equipment is 0.1 of FS. The field measurement apparatus is shown in Table 2.
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3.2 Building Energy Management System

To obtain reliable measurement data, a very sophisticated building energy management system (BEMS) was employed to conduct comprehensive data acquisition for energy consumption at the campus building. The BEMS data provides the energy consumption of power, lighting, plugs, and HVAC system. The summation of chillers and pumps can obtain the total energy consumption of the HVAC system and air handling systems, specifically through on-site real-time measurement in the room on each floor. The trend of energy consumption can be presented by hours, days, weeks, months, and years, through the comprehensive data acquisition from BEMS. The sophisticated calibration procedures were conducted and modified by comparison with the on-site monitoring data from BEMS to improve the accuracy of simulation results. Furthermore, all the air handling systems for factory areas, fan-coil units for the classrooms, and new air-cooling units for the HVAC system input according to the equipment specification. Validation of the simulation modelling with on-site measurement data from BEMS has been conducted. Consequently, the model was assessed based on electricity bill data. Validation of modelling has been compared to actual data to assess energy consumption variation.

3.3 Energy Modelling

Energy plus (EP) can be used to model and simulate buildings, including energy consumption, thermal comfort, and other building parameters based on different inputs. The EP models were conducted based on the existing building information from field measurements, documentation, and drawings. The simulation model was created from the building parameters and characteristics obtained from the campus building by modelling the building as accurately as possible with the actual building structure. Validation of the simulation model with actual field measurement data has also been conducted. The model can provide accurate results with similarly accurate and specific inputs. As depicted in Fig. 2, the investigated building was created (a) a snapshot of the building, (b) a geometric model, and (c) a geometric model using shading. In addition, the typical input parameter was set in energy modelling of the investigated building to run the simulation and illustrated in Table 3. Thermal zoning strategies for sustainable building design using energy simulation programs can be useful for evaluating building energy performance. In order to achieve optimized energy performance simulation, the geometry model zone of the building is needed and divided into 6 separate zones; each zone has perimeter space.
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Figure 2: The investigated building: (a) snapshot; (b) basic geometric model; (c) geometry model using shading
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3.4 Energy-Efficient Approaches

The primary goal of this study is to examine the annual energy usage of commercial buildings and the BEMS data. The prescriptive technique is based on the outcomes of software simulation, data acquisition from building energy management systems on specific expedience data, and EP launch conduct calibration. Using EP software, a building model with the assumptions and presumptions, such as construction and materials, interior loads, timetable, and air conditioning system, is simulated. This paper suggests a straightforward method to calibrate how energy is utilized in a facility using information from monthly energy statistics in order to facilitate energy management in commercial buildings. The model was created as part of an effort to model campus commercial buildings using a field measurement approach. BEMS data were compared from a field test of a campus building. The wide range of energy-saving options applicable to commercial HVAC has been proposed and developed to attribute the field measurement data for comparing an improvement of HVAC systems.

Additionally, analysis of field measurement data using an EP software model from various locations with various climate temperatures is done to promote energy conservation. Identify the many suggested energy-saving strategies for commercial HVAC systems and create an estimate of the possible energy savings for each option. The following strategies were proposed in this study based on different energy-efficient approaches, including room temperature settings, chilled water supply temperature settings, HVAC system performance, shading and building location.

4  Results and Discussion

4.1 Measurement and Validation

A comprehensive field measurement was performed, and the data were used to conduct energy modelling with EnergyPlus. The BEMS was also employed to conduct data acquisition for energy consumption throughout the year. Beside chiller as a cooling system, the AHU system is used to distribute the conditioned air. It is well known that energy demand associated with using HVAC systems equipped with AHU is significant [25]. Fig. 3a is illustrated the power consumption of AHU comparing measurement value and design value. The differential is about 5.7%, and it has a good agreement for conducting the simulation. Fig. 3b is illustrated the airflow rate of AHU comparing field measurement and design value. The differential is about 3.04% lower than the energy consumption of AHU.
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Figure 3: Field measurement of AHU

Validation involves evaluating the contrast between sufficiently accurate modelling results and the measurement data. In order to verify that the data is accurate and of high quality, data validation is the process of checking that the data has passed data cleansing. Validation requires for the estimation of error, and uncertainty on both the modelling and measurement sides is required. The experimental measurements are just asserted to be the most accurate representations of reality for validation in this procedure, not that they are more accurate than the results of the modelling.

This paper indicates an approach to calibrate how energy is consumed in a building using information from monthly energy data to facilitate energy management in commercial buildings. BEMS data was collected from a field test of the building. The simulation results of the energy consumption of this building are compared with the data collected by BEMS based on electricity consumption. Illustrated in Fig. 4, Field measurement and energy modelling were validated, and the error rate was less than 10%. After the validation between field measurement and energy modelling was completed and the error rate was low, indicating that the model was correct, energy modelling could be performed in various settings.
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Figure 4: The comparison of energy consumption between measurement and simulation

4.2 Room Temperature Setting

Due to the significant energy consumption of air conditioning (AC) systems in buildings, numerous techniques and technologies have been developed to help these systems operate more effectively. In an air-conditioned area, one technique is to control the room temperature while taking into account people’s thermal comfort. The energy usage of the A/C system decreases with increasing room temperature. A temperature increment of 1°C was used to adjust the room temperature in this investigation between 24°C and 26°C. Fig. 5 shows to compare of thermostat room temperature set points 24°C, 25°C, and 26°C with a decrease of 1°C will affect energy consumption increasing by 8%, especially during the summer peak seasons. It reveals that the simple temperature reset of the thermostat will contribute to the energy-saving concern. The highest energy consumption occurs in July and the lowest in February due to weather factors, namely during the summer and in both months. The average saving energy consumption is up to 3.8%.
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Figure 5: Energy consumption with different room temperature settings

4.3 Chilled Water Temperature Setting

The chilled water temperature difference was designed and operated at a temperature differential of 5°C between the supply temperature of 7°C and the return temperature of 12°C. Increasing the temperature differential between the supply and return temperatures can lower the circulating water flow, use less energy during transmission, and increase the effectiveness of the chiller. As a result, the chilled water system’s overall energy usage can be decreased. Fig. 6 demonstrates the energy consumption of the water supply temperature of the chiller at 6°C, 7°C, and 8°C. The setting of the chiller water supply temperature from 7°C to 6°C or 8°C during partial load conditions can substantially reduce the power consumption to 2.1%. It can be seen from the graph that the highest energy consumption occurs in August due to the summer, while the lowest occurs in February because during the winter season, which is approx. A significant decrease in energy consumption occurred from January to February by 28% at each thermostat setting, whereas the increase occurred from February to March with an increase of 32%.
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Figure 6: Energy consumption with different chilled water supply temperature settings

4.4 COP HVAC System

The Coefficient of Performance (COP) measures how well a heating or cooling system uses its energy relative to the amount of heating or cooling it provides. The efficiency of the system increases with the COP. Fig. 7 depicts the energy-efficient approach by retrofitting a higher-performance chiller from COP of 3.5 to 4.5. The energy consumption saving in summer of about 8.5% can be obtained even though the energy saving is not so obvious in winter due to partial load operation for chillers. Based on the chiller specifications, it is known that the chiller system in this building has a COP of 4, and after conducting an energy modelling, the highest COP savings are 10%. In comparison, the average savings are around 5.9%. The decrease in energy consumption obtained from January to February was 29%, whereas the increase in energy occurred from February to March, which was around 32%.
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Figure 7: Energy consumption with different HVAC systems performance

4.5 Building Shading

In architectural design, shading is still used as a crucial and practical component. The energy efficiency of a structure, especially in locations with hot climates, can be greatly improved even with small adjustments to the design of the shading. Shading can alter the total amount of energy consumed by reducing the heat gain from sunlight and the transmission of visual light. Fig. 8a presents the energy consumption of the building using shading and no shading. The highest energy consumption was found in July and August. A 9.1% less energy consumption using shading compared with no. Using shading has a higher HVAC cooling load than without shading. Furthermore, the simulation result shows that the zone using shading achieved 16.3% less primary HVAC cooling load compared to the without shading shown in Fig. 8b. The simulation result shows that July obtained the highest energy consumption on the other hand in February is the lowest.
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Figure 8: Energy consumption of building using shading

4.6 Building Location

The location of the building also impacts the climate conditions, which play a big part in how energy-efficient the building is. Climate factors including solar radiation, air temperature, air movement, and humidity have a big impact on energy expenses since they are crucial for learning. Taiwan’s climate is subtropical, except for the southern part of the island, which is tropical. Summers are long and hot, lasting from April or May to September or October. This study investigated three different locations from the North to the Central and South. The investigated building is located in the central part of Taiwan. Fig. 9 shows the energy consumption in Taipei, Taichung, and Kaohsiung city, which describes the northern, center, and southern area of Taiwan. Energy consumption in Kaohsiung is highest than the other city on average because of weather data. Based on the energy simulation, there is an obvious trend, and the saving effect can result. Energy savings for energy consumption are around 3.0% on average, and the highest saving energy is up to 8.1% in August. In addition, the EUI between each city varies based on the simulation. As a result, the highest EUI by up to 199.94 kWh/m2 in Kaohsiung compared to Taipei (177.19 kWh/m2) and Taichung (182.94 kWh/m2), respectively.

[image: images]

Figure 9: Energy consumption in different locations

5  Conclusions

The study highlights the potential of the energy modelling becomes a useful tool for reducing energy consumption significantly for this investigated building. It evaluates the energy modelling by EnergyPlus software as well as from field measurements recorded and compared within one year. The energy modelling revealed a good agreement with energy consumption data collected by BEMS with an acceptable error of less than 10% by implementing the actual performance data from field measurement. Implementing energy-efficiency approaches that substantially reduce energy consumption can be achieved satisfactorily. Simulation results performed showed saving energy consumption annually by using different room temperature settings, chilled water temperature setting, COP of the chiller, using shading, and building location is 3.8%, 2.1%, 5.9%, 9.1%, and 3.0%, respectively. Optimizing the HVAC cooling load using shading can achieve even higher and reduce energy consumption. It also reveals a more robust study and evaluation of different energy-efficient approaches that can be developed successfully through energy modelling and field measurement of buildings.
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Table 1: Specification of HVAC system

Name Power (kW)  Capacity (RT)  Coil Flow (I/s)  Supply/return water temp. (°C) Type

CH-1 324 100

CH.2 324 100 Evaporator 15.6 7/12 Screw

CH-3 35 10 Evaporator 1.8 7/12 Screw
Head (m) LPM

CHP-1 11 29 936

CHP-2 11 29 936
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Table 3: Input parameters for energy modelling

Parameters Description
Building type name Office and machine tools
Floor area (m?) 40,025
Zones 6

Height (m) 12

People (people/100 m?) 5.38
Electric plus intensity (w/m?) 8.07

Lights intensity (W/m?) 15

Cooling COP 3.3-2.7
Total fan efficiency 54%
External wall (based on EP nomenclature) Concrete

Windows (based on EP glass nomenclature)
Water heater

Global geometry rules

Exterior lights (W)

Cooling sizing factor

Wall insulation thickness (mm)

Roof insulation (mm)

Location

Spectral average/air filled
No

Upper left corner

1,514

6

12

13

Taichung, Taiwan
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Table 2: Apparatus for field measurement

Apparatus model Probe Operative range Accuracy
Air capture hood

TSI- 125~12.5 (m/ 3%

S1-8380 (Airflow rate) 0 (ms) ’

0-600 Vrms
- - > 200

HIOKI-3169-20/21 Power meter 0.5~5000 A 0.20%
TSI 9565P Anemometer —10°C~60°C +0.3°C
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