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The establishment of a high-fidelity simulation model for heating systems is crucial for 

practical guidance, as it serves predictive and evaluative purposes, offering accurate 

references for the operational management of actual engineering projects, thereby 

minimizing resource and cost wastage. This study, utilizing the Transient System 

Simulation Program (TRNSYS) software and focusing on an electric boiler water storage 

heating system in an elementary school, has developed a high-fidelity simulation model. 

Multiple TRNSYS (Types) modules were independently programmed, and the model's 

stability and precision were verified through error analysis. The model is capable of 

dynamically simulating the changes in supply and return water temperatures on both the 

storage and usage sides of the system under varying external environmental conditions and 

hydraulic states, achieving synchronous computation of the thermal and hydraulic 

characteristics of the heating system. The comparison and analysis of the temperature 

measurements at various system points against actual collected data revealed an average 

relative error of less than 5% across these measurements, indicating the simulation model's 

high accuracy and operational stability. It accurately and reliably reflects the thermal 

dynamics of the heating system, providing a reliable reference for practical application. 

This model is applicable for guiding the operational management of actual engineering 

projects and offers a scientific basis for subsequent system design and optimization. 
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1. INTRODUCTION

With the advancement of industrial levels and economic 

capabilities, the demands for regional heating have been 

continuously escalating [1]. In recent years, energy-saving and 

environmental protection policies such as coal-to-gas and 

coal-to-electricity conversions have been successively 

proposed, gradually increasing the attention to clean energy in 

regional heating schemes [2]. Electric boiler heating, due to its 

advantages of "no pollution, no emissions, and the full 

utilization of off-peak electricity [3]," has been widely applied 

in regional heating projects. Alongside the vigorous promotion 

of energy-saving and emission-reduction policies in China, the 

technical requirements for building heating to achieve higher 

efficiency and energy-saving targets have also heightened [4]. 

Under the premise of ensuring heating demand, enhancing the 

heating system's stability and reducing the operational energy 

consumption of heating have become particularly important. 

During the heating engineering design phase, the selection 

of equipment usually relies on the maximum load that the 

equipment can withstand. However, in actual operation, 

equipment often operates under economic loads, frequently 

resulting in a mismatch between the actual operational load 

and the equipment's full-load operating characteristics, leading 

to the system operating in an inefficient state. This inefficiency 

can lead to poor heating and increased costs [5]. Therefore, 

there is a need for the establishment of a heating system 

simulation model that can reflect the system's thermal dynamic 

changes and provide a reliable basis for the actual operation of 

the heating system. Aunedi et al. [6] integrated models of 

different heat sources and thermal storage devices into energy 

system optimization models to assess their low-carbon heating 

potential under cost-effective conditions. Kilkis [7] 

established a low-temperature district heating system model 

with carbon reduction benefits to find the optimal capacity and 

temperature values for the equipment. Abugabbara et al. [8] 

proposed and designed a novel district heating simulation 

model, developed using the Modelica language, with 

simulation results indicating the model's applicability to the 

research and development of new heating systems. Zisopoulos 

et al. [9] utilized Aspen Plus Dynamics and Matlab/Simulink 

integration to simulate the energy storage part of integrated 

solar-driven thermal systems, demonstrating that the system 

can meet the energy needs of buildings. These researchers 

have constructed system simulation models using different 

software, employing simulation operation analysis to identify 

key factors affecting the system. Accurate simulation models 

can be used for designing new heating systems or optimizing 
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existing ones. By modifying parameters and variables within 

the model, the performance and effects of different design 

schemes can be evaluated, allowing for the identification of 

the optimal system configuration and operational strategy 

before actual construction. For the simulation model of electric 

boiler water storage heating systems, software capable of 

simulating key parameter changes in the system, such as heat 

transfer, energy consumption, temperature variations, and 

accurately predicting and assessing the system's operational 

effectiveness is required. 

The application of TRNSYS, renowned for its precise 

simulation, short cycle, and minimal output error, is 

extensively utilized in the optimization of Heating, Ventilation 

and Air Conditioning (HVAC) systems for energy saving and 

economic analysis [10]. TRNSYS is capable of segmenting the 

operation of system components into individual modules, has 

relatively open structure [11], and supports users to script 

module programs based on actual operational conditions for 

application within the software. Therefore, it is recognized as 

one of the most flexible building energy simulation software 

[12]. Rashad et al. [13] utilized TRNSYS for a comprehensive 

annual energy consumption analysis of a three-zone building, 

taking into account cooling and heating demands, thermal 

gains, and losses, resulting in the determination of the 

building's annual energy consumption. Chargui et al. [14] 

established a simulation model for a heat pump system using 

TRNSYS, conducting simulations to calculate the system's 

Coefficient of Performance (COP), energy consumption, and 

power supply. Dezhdar et al. [15] applied TRNSYS for 

transient optimization of a solar-wind multi-generation system, 

analyzing six determinants of system performance and 

subsequently employing the Response Surface Methodology 

to analyze simulation outcomes, thus identifying optimal 

system parameters. 

Most researchers employing TRNSYS focus on areas such 

as building energy simulation [16], renewable energy system 

configuration [17], thermodynamic performance analysis [18], 

and optimization of control strategies [19]. The dynamic 

changes in hydraulic conditions present in actual systems are 

generally simplified or not considered in the software, due to 

the absence of corresponding computational modules in 

TRNSYS, leading to simulation results that may not fully 

represent actual operational outcomes. To establish a high-

accuracy, high-stability simulation model for an electric boiler 

thermal storage heating system, this study, based on an electric 

boiler thermal storage system in a certain elementary school in 

Zhangjiakou, constructs a simulation model for its heating 

system using TRNSYS. Modules for pipe impedance and 

pump operating points, absent in TRNSYS, were 

independently developed and applied to ensure a closer 

alignment of simulation conditions with actual operational 

states. The accuracy of the model is gauged by comparing the 

simulated and actual measured temperatures at various system 

points, ensuring the model's applicability to real engineering 

projects and guiding actual operations. 

The study is structured into three parts. The first part 

establishes a building energy consumption model, sequentially 

creating an accurate building energy model through steps such 

as constructing the building's geometric model, defining the 

parameters of building envelope materials, dividing thermal 

zones, and incorporating thermal gains. The second part 

involves constructing the simulation system, firstly by 

programming modules for pump operation points and pipe 

impedance, which are absent in TRNSYS. Based on this, a 

simulation system for the electric boiler thermal storage is 

constructed, reflecting actual system equipment parameters 

and operational strategies, allowing for concurrent hydraulic 

and thermal calculations to achieve simulation results that 

closely resemble actual conditions. The third part conducts an 

error analysis of the electric boiler thermal storage simulation 

system, comparing simulated data with actual measured data 

at various points to verify the model's accuracy and stability. 

 

 

2. ESTABLISHMENT OF A TRNSYS BUILDING 

ENERGY CONSUMPTION MODEL 

 

2.1 Overview of the building 

 

In the context of a heating project for an elementary school 

in Zhangjiakou, a transition from coal to electric heating 

sources was undertaken. The heating structure, a four-story 

educational building, encompasses a total heating area of 

3,064 m². The heating system integrates an electric boiler with 

a thermal storage tank, designed to store heat during off-peak 

electricity hours from 20:00 to 08:00, subsequently providing 

heating from 08:00 to 20:00. The indoor temperature is 

maintained at 10℃ during the night and 20℃ during the day, 

with radiators serving as the terminal heating devices. 

 

2.2 Building thermal load model 

 

The selection of the building for analysis involved gathering 

data on room areas, geometric information, and heated areas. 

A geometric physical model of the building was constructed 

using SketchUp software, allowing for the creation of separate 

thermal zones within the building's rooms. The physical model 

file was then exported and integrated into the TRNBuild 

module of TRNSYS. The thermal characteristics of the 

building were defined by setting parameters such as the type 

of building envelope, weather files for Zhangjiakou, and the 

orientation of the house, among other external influences. 

Internal gains, including heat emission from occupants and 

equipment, were input into the model based on room usage, 

ultimately facilitating the output of hourly energy 

consumption. The Zhangjiakou weather file was generated 

using Meteonorm8 software, providing a load file compatible 

with the TRNSYS-Type15 module. Internal load gains, driven 

primarily by lighting, personnel and equipment heat 

dissipation [20], were dynamically modelled with gain 

schedules due to their variability throughout the simulation. 

 

Table 1. Parameters of building envelope structures 

 
Envelope Structure Value (W/(m2·K)) 

Uexternal wall 0.57 

Uinternal wall 0.68 

Ufloor 0.62 

Uroof 0.44 

Uground floor 0.44 

Uwindow 2.8 

 

The application of TRNSYS software in computing 

building loads utilises a simplified building heat balance 

equation, encompassing thermal, moisture, and optical 

properties of the building. This considers various internal and 

external factors such as indoor-outdoor temperature 

differences, weather conditions, and solar radiation, enhancing 

the accuracy and reliability of building simulations. To 
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expedite the computational process, certain simplifications 

were made, including the assumption of uniform temperature 

distribution within rooms and the neglect of local effects 

within the building. 

The computation of the model's energy consumption 

revealed the highest hourly energy consumption occurring at 

01:00 on January 1st, amounting to 296.7 kW. Parameters for 

the building's envelope structures are detailed in Table 1, with 

a coupling diagram of the building energy model and 

influencing parameters illustrated in Figure 1. The required 

hourly thermal load of the building during the heating period 

is depicted in Figure 2 as well. 

Initial indoor temperatures for rooms across all floors were 

set at 18℃, with a simulation time step of 1 hour during the 

thermal load output phase to facilitate the rapid generation of 

thermal load files. 

 

 
 

Figure 1. Coupling diagram of the building model and influencing factors 

 

 
 

Figure 2. Daily thermal load of the building during the heating season 
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3. TRNSYS HEATING SYSTEM MODELING 
 

3.1 Development of TRNSYS pipelines and water pump 

components 
 

Within a heating system, heating equipment is connected to 

heat users through a heating network, which is responsible for 

transporting the thermal energy produced by the heat source to 

the heat users [21]. In practical engineering scenarios, 

adjustments in valve opening degrees by heat users within the 

system can lead to changes in the resistance coefficient of the 

heating network. Consequently, variations in the operating 

point of the water pump and the thermal medium flow rate of 

other heat users are observed [22]. Therefore, investigation 

into the dynamic characteristics of the heating system 

facilitates better prediction and control over the operational 

state of the system, ensuring maintenance of optimal hydraulic 

conditions. This reduces occurrences of hydraulic and thermal 

imbalances, minimizes unnecessary energy wastage, and 

thereby lowers operational energy consumption costs. 

Owing to the absence of modules in TRNSYS software for 

dynamically changing pipe impedance and variable frequency 

water pumps, modules for valve opening degrees, pipe 

impedance, water pump conditions, and radiator types were 

developed using Visual C++6.0. These modules aim to 

enhance the model's accuracy by incorporating the impact of 

dynamic characteristics in the heating system. 

 

a) Valve opening degree module 

In the heating network, the degree of valve opening directly 

influences the network's impedance. By adjusting the valve 

opening degree appropriately, hydraulic balance in the heating 

system can be achieved, ensuring uniform distribution of hot 

water within the network and improving the efficiency and 

performance of the heating system. When partial adjustments 

to the heating network are required, changes in the valve 

opening degree at the user valve locations are typically made, 

altering the network's resistance characteristics. The 

calculation method for the pressure loss across a valve is as 

follows [23]: 
 

∆𝑃𝑓 =
𝑅2(1−𝑋)

𝐾𝑓
2 𝐺𝑓

2 (1) 

 

where, ∆𝑃𝑓 represents the pressure loss across the valve in Pa; 

R is the adjustability ratio, the ratio of maximum flow to 

minimum regulation flow; 𝐾𝑓 denotes the relative opening of 

the regulating valve in percentage; 𝐺𝑓 is the valve's volumetric 

flow rate in m³/h; and 𝑋 signifies the valve opening degree. 

Given that valves act as accessories within the heating 

system's network, the impedance changes they induce are 

integrated into the overall resistance characteristics of the 

heating system's network. 

 

b) Pipe impedance module 

The inherent pipe module of TRNSYS, which encompasses 

parameters like the thermal loss coefficient, length, and inner 

diameter of pipes, does not account for the impedance 

characteristics of pipes. To bridge this gap, an output item 

detailing the pipe impedance characteristics was added. This 

modification facilitates the simulation of variable frequency 

pump operations under diverse conditions by providing 

essential input for determining the pump’s operating point. In 

outdoor heating networks, the flow of hot water within pipes 

predominantly resides in the square resistance zone [24], 

where the relationship between pressure drop (∆𝑃) and flow 

rate (V) adheres to a quadratic law. The formula for calculating 

pipe pressure loss is as follows: 

 

∆𝑃 = 𝑆𝑉2 (2) 

 

𝑆 = 6.88 ∗ 10−9
𝑘0.25

𝑑5.25
(𝑙 + 𝑙𝑑)𝜌 (3) 

 

𝑙𝑑 = 9.1
𝑑1.25

𝑘0.25
𝛴𝜉 (4) 

 

where, S is the resistance number for the network calculation 

of pipe segments in Pa/(m³/h)²; k is the equivalent absolute 

roughness of the pipe's inner wall surface, with a general value 

of 0.5*10-3m for hot water networks; d is the internal diameter 

of the pipe in meters; l is the length of the pipe segment in 

meters; ld is the equivalent length of local resistance for the 

pipe segment; and ξ is the local resistance coefficient for the 

pipe segment. 

 

c) Pump operating condition point module 

The operational condition point of a pump is determined by 

the combined characteristics of the piping and the pump itself, 

as illustrated in Figure 3. The two curves represent the 

characteristic curves of the piping network and the pump, with 

their intersection point defining the pump's operational 

condition. Should any one of these curves undergo a change, 

the operational condition of the pump will consequently alter. 

For instance, modifying the operating frequency of the pump 

or adjusting the opening degree of user valves will alter both 

the pump's characteristic curve and the piping characteristic 

curve. The new intersection of these two curves becomes the 

pump's revised operational condition, leading to changes in the 

hydraulic conditions of the piping network [25]. Not only will 

the total flow and pressure within the heating network vary, 

but changes in the impedance of specific pipe segments will 

also cause a redistribution of flow [8]. 

 

 
 

Figure 3. Characteristic curves of the pump and piping 

network 

 

Given the limitations of the existing pump module in 

TRNSYS software, which fails to reflect the dynamic changes 

in the pump's operating point due to variations in pipeline 

impedance and pump frequency, the development of a new 

pump operating condition point module is necessitated. This 
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module is designed to ascertain the operating condition points 

of variable frequency pumps under different scenarios. 

The characteristic curve of the network can be derived from 

the previously developed pipeline impedance module. The 

pump characteristic curve equation can be sourced from the 

product manuals provided by pump manufacturers or deduced 

using the Lagrange quadratic interpolation formula based on 

actual operating data [26], represented in algebraic equation 

form as follows: 

 

𝐻 = 𝑎𝑄2 + 𝑏𝑄 + 𝑐 (5) 

 

According to the law of similarity, changes in the rotational 

speed of variable frequency pumps result in alterations in 

pump head, described by the relationship [9]: 

 

𝐻

𝐻1
= (

𝑁

𝑁1
)
2

 (6) 

 

Moreover, the relationship between the rotational speed of 

variable frequency pumps and the frequency of the power 

supply is given by: 

 

𝑁 = 60
𝑓

𝑚
 (7) 

 

where, 𝐻 denotes the pump head in meters; 𝑄 is the flow rate 

in m³/h; 𝑎, 𝑏, and 𝑐 are coefficients derived from the pump 

characteristic curve equation; N and N1 represent the rated and 

actual rotational speeds of the pump in revolutions per minute, 

respectively; 𝑓  stands for frequency in Hertz; and 𝑚  is the 

number of magnetic pole pairs in the pump motor. 

From the equations provided, the relationship between 

pump head and pump frequency can be discerned, allowing for 

the derivation of the characteristic curve equation for variable 

frequency pumps at different frequencies [26, 27]: 

 

𝐻 = (𝑎𝑄2 + 𝑏𝑄 + 𝑐) ∗ 𝑖2 (8) 

 

where, i represents the ratio of the pump's operating frequency 

to its rated frequency. 

To ascertain the real-time energy consumption of variable 

frequency pumps at their operating points, a formula for 

calculating the pump shaft power was incorporated into the 

pump operating condition point module: 

𝑃 =
𝜌𝑔𝑄𝐻

3600𝜂
 (9) 

 

where, 𝑃 is the shaft power of the variable frequency pump in 

kW, 𝜌 is the density of the fluid in kg/m³, 𝑔 is the acceleration 

due to gravity at 9.8 m/s², and 𝜂 is the total efficiency of the 

pump.  

Consequently, the developed modules for valve opening 

degree, piping network impedance, and pump operating points 

have been designated as type334, type335, and type336, 

respectively. During usage, by inputting parameters such as 

segment length, inner diameter of the segment, and fitting 

coefficients of the pump characteristic curve, the operating 

condition values of the variable frequency pump, along with 

the shaft power at that operating point, can be directly 

outputted. This inclusion ensures that the impact of changes in 

hydraulic conditions on system operation is fully integrated 

into the simulation model, allowing for a closer alignment with 

actual operational conditions. 

 

3.2 Simulation prototype 

 

Figure 4 presents the process flow diagram of the electric 

boiler water thermal storage system for the elementary school, 

comprising an electric boiler thermal storage system, a 

primary water system, and a secondary water system. During 

the night-time thermal storage period, the electric boiler 

concurrently performs thermal storage and heating operations. 

During the day, when heat is released, the thermal storage 

water tank discharges heat to the user side. Heat is transferred 

from the primary water through a plate heat exchanger to the 

secondary water, and the temperature of the secondary water 

is adjusted by controlling the operation of the release heat 

pump and altering the frequency of the user side water pump 

when the secondary water temperature is excessively high. 

Throughout the heating season, based on the external 

temperatures during the early cold, severe cold, and late cold 

periods, the night-time electric boiler thermal storage 

temperatures are set at 56℃, 58℃, and 51℃, respectively. 

During the day, the remaining heat quantity in the thermal 

storage water tank is assessed by monitoring the return water 

temperature on the secondary side to determine if the residual 

heat is sufficient. If the residual heat is found to be insufficient, 

the electric boiler is activated between 12:00-13:00 to 

replenish heat to the thermal storage water tank. 

 

 
 

Figure 4. Flow diagram of the water storage heating system of the electric boiler 
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Figure 5. Simulation calculation model of the heating system 

 

3.3 Construction of the system simulation model 

 

Table 2. Inventory of equipment used in the system 

 
No. Equipment Name Model Remarks 

1 Electric boiler 350KW  

2 Thermal storage pump 
12.5m³/h-32m-

2900r/min 
 

3 Tank discharge pump 
5m³/h-30m-

2900r/min 

Efficiency: 

69% 

4 Secondary side pump 
12.5m³/h-32m-

2900r/min 
 

5 Plate heat exchanger PS102-10  

6 Thermal storage tank 64m³  

 

Based on the operational strategy of the electric boiler water 

thermal storage system currently implemented at the school, 

the assembly of system equipment and controllers was 

conducted in TRNSYS-Studio. The construction process is 

detailed as follows: a) Importation of the required Type 

modules into the software interface, followed by sequential 

connection to construct the entire heating system model. b) 

The connection mode and parameters between modules were 

set to ensure that simulation runs could be conducted 

according to the actual process flow, with corresponding 

parameters inputted for each module, including properties, 

control strategies, and file sources. c) Importation and creation 

of connection components were performed, integrating the 

newly created hydraulic calculation module into the system, 

with sequential module connection and property input on the 

user side. d) During simulation runs, based on predefined 

control strategies, different modules within the software 

transmitted data through connected modules, conducting 

simulation calculations at set time steps. The simulation 

calculation model of the heating system is illustrated in Figure 

5, with Table 2 and Table 3 respectively showing the actual 

equipment used in the system and the simulation equipment 

modules. 

 

Table 3. Modules used in the simulation model 
 

Module Name Module No. Module Name Module No. 

Electric boiler Type700 Radiator Type1214 

Thermal storage 

pump 
Type110 

Three-way 

diverting valve 
Type11f 

Tank discharge 

pump 
Type114 

Temperature 

monitoring 

start-stop 

controller 

Type2b 

Secondary side 

pump 
Type114 Integrator Type24 

Counterflow 

plate heat 

exchanger 

Type5b 
Valve opening 

degree module 
Type334 

Thermal storage 

tank 
Type158 

Piping 

impedance 

module 

Type335 

Pump operating 

point module 
Type336 Output module Type65a 

Time control 

module 
Type14h   

 

 

4. MODEL OPERATION AND ACCURACY 

VALIDATION 

 

Upon the completion of the construction of the simulation 

model for the electric boiler thermal storage system, an output 

module was added to facilitate the comparison of the model's 

predictions with actual operational data. The output 

temperatures selected for this comparison were identified as 
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the tank outlet temperature, tank return temperature, secondary 

side supply temperature, and secondary side return 

temperature on a typical day. The simulation step was set to 

15 minutes, with output times designated at 24 hours and 168 

hours, allowing for a more precise simulation of the variations 

in the tank outlet temperature. 

Comparative analyses of the tank outlet temperature, tank 

return temperature, secondary side supply temperature, and 

secondary side return temperature on a typical day are 

presented in Figures 6, 7, 8, and 9, respectively. 

Figure 6. Comparison of the tank outlet temperature 

simulation on a typical day 

Figure 7. Comparison of the tank return temperature 

simulation on a typical day 

Figure 8. Comparison of the secondary side supply 

temperature simulation on a typical day 

From Figures 6, 7, 8, and 9, it is observed that the actual 

measured data largely align with the results simulated by the 

software, although certain discrepancies and fluctuations are 

noted, particularly in the graphs depicting the tank outlet 

temperature and the secondary side return temperature. 

Several factors are hypothesized to contribute to these 

observations: a) The thermal storage tank module in the 

software sets the heat loss rate as a constant value, whereas in 

actual conditions, the tank's heat loss rate varies with external 

temperature changes. b) The weather file used in the model 

differs from the conditions of the selected typical day, leading 

to temperature discrepancies during the heat discharge process 

of the tank. c) For simplification, the model does not account 

for heat losses in the heating pipes, which affects the 

secondary side return temperature in actual operation. 

Figure 9. Comparison of the secondary side return 

temperature simulation on a typical day 

Figure 10. Comparison of simulated versus actual tank outlet 

water temperatures over a typical week 

The accuracy of the model is characterized by calculating 

the maximum error values and the average relative error values 

of the temperatures at various measurement points on a typical 

day. The calculation uses the actual measured temperatures 

and the simulated temperatures at each measurement point, 

hour by hour, to compute the relative error values; the largest 

difference in hourly temperature comparisons at each 

measurement point is taken as the maximum error value. The 

calculations reveal that the maximum error value for the tank 

outlet temperature on a typical day is 2.4℃, with an average 

relative error of 2.22%; for the tank return temperature, the 

maximum error value is 2.8℃, with an average relative error 

of 2.62%; for the secondary side supply temperature, the 
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maximum error value is 1.9℃, with an average relative error 

of 1.77%; and for the secondary side return temperature, the 

maximum error value is 2.9℃, with an average relative error 

of 2.83%. 

To comprehensively consider the effects of different 

weather conditions, load variations, and long-term operation 

of equipment on the simulation performance of the system, 

and to more accurately assess the simulation stability of the 

system, the tank outlet temperatures for the typical day and the 

actual measured temperatures for the week in which the typical 

day occurs are compared. Similarly, the maximum daily error 

values and average relative error values are calculated. The 

comparison of the simulated tank outlet temperatures for a 

typical week with actual measurements is shown in Figure 10, 

with the daily relative error values of the tank outlet 

temperature presented in Table 4. 

Table 4. Daily relative error values between simulated and 

actual measured temperatures for a typical week 

Simulated Tank Outlet 

Temperature 

Maximum 

Error Value 

Average 

Relative Error 

Day 1 2.4℃ 2.22% 

Day 2 1.8℃ 1.53% 

Day 3 2.8℃ 2.33% 

Day 4 2.7℃ 2.31% 

Day 5 1.6℃ 1.44% 

Day 6 1.9℃ 1.51% 

Day 7 2.2℃ 1.82% 

From Figure 10, it is observed that as the daily minimum 

outdoor temperatures during the heating period progressively 

decrease, both the simulated and actual minimum outlet 

temperatures of the tank exhibit a downward trend. The daily 

maximum simulated outlet temperatures of the tank are 

consistently slightly higher than the actual measured 

temperatures. A slight deviation between the simulated and 

measured temperature curves of the tank's heat release process 

is noted, yet the overall trend remains fundamentally aligned. 

It is hypothesized that the source of error stems from the 

simplifications made by the TRNSYS software to ease model 

computations, typically assuming steady-state operation and 

neglecting transient effects during the start-up and shutdown 

phases of the electric boiler. These simplifications may lead to 

discrepancies between the simulated outcomes and actual 

conditions, hence temperature error points are predominantly 

concentrated around the periods of the electric boiler's start-up 

and shutdown. Table 4 indicates that the maximum error value 

in tank outlet temperatures within a week is 2.8℃, with the 

maximum average relative error being 2.33%. 

Statistical analysis reveals that the average relative error 

values in the simulated temperatures of the aforementioned 

system do not exceed 5%, and the temperature differences 

remain within ±3℃. This indicates that the system simulation 

states established in the software closely match actual 

operational conditions, demonstrating high precision as well 

as long-term reliability and stability of the model. Therefore, 

it is concluded that the model possesses the requisite accuracy 

for dynamic temperature simulation in practical engineering 

applications. 

5. CONCLUSION

In this study, a heating model of an electric boiler water 

storage heating system for a school was established based on 

the TRNSYS software. Several TRNSYS modules were 

independently developed to accommodate specific 

requirements, and a statistical analysis of the model's 

operational errors was conducted to verify its precision. The 

research yielded the following conclusions: 

a) The TRNSYS (Types) modules, independently compiled

using Visual C++6.0 software, were found to integrate 

effectively with the constructed heating system. This 

integration facilitated the acquisition of operating condition 

points for the system's water pumps, enabling simultaneous 

calculations of the thermal and hydraulic characteristics within 

the heating system. Such a methodology enhanced the 

accuracy of the simulation results. 

b) Data derived from model simulations, when compared

with actual measured data through error analysis, confirmed 

the accuracy and stability of the model. The established model 

is capable of simulating the operation of electric boiler thermal 

storage heating systems, offering guidance for real-world 

engineering operations. This provides a scientific basis for the 

design and optimization of systems in subsequent studies. 

c) Certain assumptions made during the simulation process

introduced limitations to the simulation results. For instance, 

the accuracy of weather data could cause fluctuations in the 

outcomes of the simulated system; assumptions regarding 

building usage patterns and human behavior as internal gains 

could limit the universality of the model's results under certain 

conditions. To further enhance the model's accuracy, the 

reliability of input data within the model needs to be ensured. 
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