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Abstract 
The building sector is responsible for about 36% of global 

final energy use and Heating, Ventilation and Air-Condi-

tioning (HVAC) systems are responsible for about 50÷60% 

of the building sector’s energy demand. In this paper, a 

detailed dynamic simulation model of a typical HVAC 

system including a single duct dual-fan constant air vol-

ume Air-Handling Unit (AHU) has been developed via the 

TRaNsient SYStems software platform (TRNSYS 18). The 

simulation outputs were compared with field operation 

data measured during 14 experiments performed with ref-

erence to a fully instrumented HVAC set-up serving the 

SENS i-Lab of the Department of Architecture and Indus-

trial Design of the University of Campania Luigi Vanvitelli 

(Aversa, south of Italy). The comparison was carried out 

to validate and assess the simulation model accuracy. The 

results highlighted a high capability of the developed 

model in simulating the experimental behaviour, with 

maximum percentage differences between the predicted 

and experimental values up to -6.0%, 18.3%, -9.1%, -10.6%, 

-15.3% in terms of heating coil energy, cooling coil energy,

humidifier electric demand, heat pump electric consump-

tion and refrigerating system electricity request, respec-

tively.  

1. Introduction

1.1 Background 

The building sector is a major contributor to climate 

change, accountable for over 36% of the world's to-

tal energy consumption and roughly 37% of its 

greenhouse gas emissions (Global Status Report, 

2022). Heating, Ventilation and Air-Conditioning 

(HVAC) systems are the most used equipment for 

maintaining indoor comfort in buildings. The most 

common HVAC systems include Air-Handling 

Units (AHUs) that are made up of a number of sen-

sors and parts (such as fans, coils, valves, dampers, 

filters, actuators, etc.). HVAC systems represent a 

significant source of energy consumption together 

with a significant environmental impact; in particu-

lar, they are responsible for about 50÷60% of the 

building sector’s energy demand and 10÷20% of the 

overall energy consumption (Cao et al., 2016; 

Mirnaghi et al., 2020). Therefore, optimizing the de-

sign and performance of such systems can be an im-

portant solution to reduce the relative consumption 

and environmental impact. These challenges can be 

addressed from an experimental or numerical point 

of view; taking into account the significant time and 

resources that are required for field study and lab 

research (Granderson et al., 2020; Mitali et al., 2021), 

utilization of accurate simulation models for HVAC 

systems emerges as a promising alternative option, 

offering several potential advantages, such as: a) 

conducting sensitivity and what-if analyses in order 

to better understand the performance upon varying 

the boundary conditions, b) suggesting innovative 

solutions and optimization actions to enhance en-

ergy performance, greenhouse gas emissions reduc-

tion and costs savings, c) improving the control of 

indoor comfort, as well as d) developing innovative 

control logics or maintenance programs based on 
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data-driven automated fault detection and diagno-

sis methods (Rosato et al., 2022a,b). The BEST Direc-

tory of the International Building Performance Sim-

ulation Association (IBPSA)-USA website (IBPSA, 

2024) lists more than 170 platforms for modelling 

and simulating building-integrated energy systems; 

among these software, TRNSYS is recognized in the 

scientific community as one of the best dynamic 

simulation tools as it takes into account the intermit-

tent character of loads driven by occupants and the 

part-load features of generating systems, as well as 

the interaction between building loads, systems’ 

outputs and climatic data (Sun et al., 2017; Qiu et al., 

2020).  

However, validation of simulation models is 

essential to accurately assess the predictive 

performance with respect to field operation 

(Granderson et al., 2020). Some scientific studies 

have faced this issue by developing simulation 

models of existing HVAC systems (Sun et al., 2017; 

Montazeri and Kargar, 2020; Kim et al., 2019; Qiu et 

al., 2020). Sun et al. (2017) developed a simulation 

model for a single duct dual-fan variable air volume 

(VAV) AHU installed in a research centre located in 

Iowa (USA) utilizing the TRSNYS software 

(TRNSYS, 2024). Montazeri and Kargar (2020) 

employed the simulation tool HVACSIM+ 

(HVACSIM+, 2024) to model the same HVAC 

system operating in USA. On a similar note, Kim et 

al. (2019) utilized EnergyPlus software (EnergyPlus, 

2024) to create a simulation model for an HVAC 

system including a VAV AHU installed in a small 

commercial building in Knoxville (USA). 

Furthermore, TRNSYS has been utilized to simulate 

a VAV AHU unit installed in a building located in 

Shanghai (China) by Qiu et al. (2020).  

1.2 Novelty, Goals and Structure 

In this study, a detailed dynamic simulation model 

of a single duct constant air volume AHU installed 

at the SENS-i lab of the Department of Architecture 

and Industrial Design of the University of Campa-

nia Luigi Vanvitelli (south of Italy) has been devel-

oped, calibrated, and validated against field experi-

ments performed under various boundary condi-

tions during both summer and winter conditions. 

Section 2 describes the experimental set-up and 

tests; Section 3 details the TRNSYS simulation 

model, while Section 4 illustrates the results of the 

experimental validation of the proposed model.  

The main goals of this study can be summarized as 

follows: a) make available to stakeholders an exper-

imentally validated digital twin of a typical HVAC 

system; b) evaluate the capability of TRNSYS plat-

form in modelling a single duct constant air volume 

AHU; c) assess the model accuracy with respect to 

Italian climatic conditions covering both summer 

and winter seasons; d) support a widespread adop-

tion of HVAC systems based on single duct constant 

air volume AHU for indoor comfort control.  

With respect to the scientific studies already availa-

ble in the literature (Montazeri & Kargar, 2020; Sun 

et al., 2017; Kim et al., 2019; Qiu et al., 2020), this 

study is innovative taking into account that a) the 

aforementioned papers primarily focus on HVAC 

system operation in the USA or China, overlooking 

the specific climatic conditions in Italy (it is im-

portant to note that climate conditions play a crucial 

role in the performance of HVAC systems), b) it fo-

cuses on a constant air volume AHU, while the other 

scientific works investigated variable air volume 

AHUs, and c) only two researchers (Sun et al., 2017; 

Qiu et al., 2020) utilized the standalone simulation 

tool TRNSYS in their studies, but only Sun et al. 

(2017) conducted the experimental validation of the 

simulation model (to address this gap, the present 

study integrates both TRNSYS simulation and ex-

perimental testing within identical boundary and 

climate conditions). 

2. Experimental Setup and Tests

The SENS i-Lab (SENS i-Lab, 2024), located in the 

Department of Architecture and Industrial Design 

of the University of Campania Luigi Vanvitelli 

(Aversa, southern Italy, latitude: 40°58’21” North, 

longitude: 14°12’26” East), is equipped with a typi-

cal HVAC system consisting of a single duct dual-

fan constant air volume AHU, able to regulate in-

door air temperature, indoor air relative humidity, 

indoor air velocity and indoor air quality inside a 

test room. Fig. 1 reports the schematic of the AHU 

including all the interconnected components: sup-

ply air fan (SAF) and return air fan (RAF), 
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humidifier (HUM), cooling coil (CC) coupled with 

an air-to-water electric refrigerating system (RS) via 

a cold tank (CT), post-heating coil (PostHC) con-

nected to an air-to-water electric heat pump via a 

hot tank (HT). A mixture of water and ethylene gly-

col (6% by volume) is used as a heat carrier fluid. 

The AHU is fully equipped with accurate sensors to 

monitor and record all the key operating parameters 

(shown in Fig. 1). Additional details regarding the 

AHU components, sensors and control logic strat-

egy can be found in (Rosato et al., 2022a,b). 

The experimental electric power EPRAF,EXP, EPSAF,EXP, 

EPHUM,EXP, EPRS,EXP and EPHP,EXP consumed by the 

RAF, the SAF, the HUM, the RS, and the HP, respec-

tively, are calculated as follows: 

( )RAF,EXP RAF RAF RAFEXP
EP  = V A cos   Eq. 1 

( )

( ) ( )

L1 L1
SAF SAF SAFEXP

SAF,EXP

L2 L2 L3 L3
SAF SAF SAF SAF SAF SAFEXP EXP

V A cos
EP =

3
V A cos V A cos

3 3

  
+

     
+

Eq. 2 

( )

( ) ( )

L1 L1
HUM HUM HUMEXP

HUM,EXP

L2 L2 L3 L3
HUM HUM HUM HUM HUM HUMEXP EXP

V A cos
EP  =

3
V A cos V A cos

3 3

  
+

     
+

Eq. 3 

( )
( ) ( )

L1 L1
RS,EXP RS RS RSEXP

L2 L2 L3 L3
RS RS RS RS RS RSEXP EXP

EP  = V A cos

V A cos V A cos

   +

   +   
Eq. 4 

( )
( ) ( )

L1 L1
HP,EXP HP HP HPEXP

L2 L2 L3 L3
HP HP HP HP HP HPEXP EXP

EP  = V A cos

V A cos V A cos

   +

   +   
Eq. 5 

where cosφ is the power factor (assumed equal to

0.95 as suggested by the manufacturers, whatever 

the components), A and V represent the electric 

phase current and phase voltage, respectively, at 

phase L1 or L2 or L3 measured for each AHU com-

ponent. 

The experimental cooling power CPRS,EXP supplied 

by the RS, cooling power CPCC,EXP exchanged be-

tween air and heat carrier fluid via the CC, thermal 

power TPHP,EXP supplied by the HP, and thermal en-

ergy TPPostHC,EXP exchanged between air and heat 

carrier fluid via the PostHC are calculated by using 

the following formulas: 

( )F,in,RS,EXP F,out,RS,EXPRS,EXP F F F,in,RS,EXPCP  = ρ c V T - T   Eq. 6 

( )F,out,CC,EXP F,in,CC,EXPCC,EXP F F F,in,CC,EXPCP  = ρ c V T - T   Eq. 7 

( )F,out,HP,EXP F,in,HP,EXPHP,EXP F F F,in,HP,EXPTP  = ρ c V T - T   Eq. 8 

( )F,in,PostHC,EXP F,out,PostHC,EXPPostHC,EXP F F F,in,PostHC,EXPTP = ρ c V T - T   Eq. 9 

where F,in,RS,EXPV , F,in,CC,EXPV , F,in,HP,EXPV , and F,in,PostHC,EXPV  are 

the measured heat carrier fluid volumetric flowrate 

entering the RS, the CC, the HP and the PostHC, re-

spectively, TF,in,RS,EXP, TF,in,CC,EXP, TF,in,HP,EXP, and

TF,in,PostHC,EXP are the measured temperatures of heat 

carrier fluid entering the RS, the CC, the HP and the 

PostHC, respectively, TF,out,RS,EXP, TF,out,CC,EXP,

TF,out,HP,EXP, and TF,out,PostHC,EXP are the measured tem-

peratures of heat carrier fluid exiting the RS, the CC, 

the HP and the PostHC, respectively, F and cF are, 

respectively, the density and the specific heat of heat 

carrier fluid. The calibration and validation of the 

developed simulation model were performed by 

contrasting the predicted values with the data meas-

ured during 14 daily experiments, carried out from 

9:00 am to 6:00 pm upon varying the boundary cli-

matic conditions during both cooling and heating 

seasons; in particular, 8 tests were  performed dur-

ing winter (W1, W2, W3, W4, W5, W6, W7, W8), 

while 6 tests were  carried out during summer (S1, 

S2, S3, S4, S5, S6). In particular, during summer the 

outdoor air temperature ranged from a minimum of 

21.46 °C (test S6) up to a maximum of 41.22 °C (test 

S3), whereas during winter it varied from a mini-

mum of 6.24 °C (test W5) up to a maximum of 23.85 

°C (test W4). Data were measured and recorded 

every second. Additional details regarding the ex-

perimental tests can be found in (Rosato et al., 2024). 
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RAD: return air dumper; RAF: return air 

fan; TRA: return air temperature (°C); RHRA: 

return air relative humidity (%); SAD: sup-

ply air dumper; SAF: supply air fan; TSA: 

supply air temperature (°C); RHSA: supply 

air relative humidity (%); HUM: humidi-

fier; RAFil: return air filter; DOA: outdoor 

air dumper; OAFil: outdoor air filter; TOA: 

outdoor air temperature (°C); RHOA: out-

door air relative humidity (%); DHRS: heat 

recovery system dumper; HRS: heat recov-

ery system; DRA: return air dumper; DEA: 

exhaust air dumper; SAFil: supply air fil-

ter; PreHC: pre-heating coil; CC: cooling 

coil; PostHC: post-heating coil; TF,in,CC: heat 

carrier fluid temperature at cooling coil in-

let (°C); V̇F,in,CC: volumetric flow rate of 

cooling coil heat carrier fluid (m3/h); 

TF,in,PostHC: heat carrier fluid temperature at 

heat pump inlet (°C); V̇F,in,PostHC: volumetric 

flow rate of post-heating coil heat carrier 

fluid (m3/h); TF,in,RS: heat carrier fluid tem-

perature at refrigerating system inlet (°C); 

TF,in,HP: heat carrier fluid temperature at 

heat pump inlet (°C); HP: heat pump; HT: 

hot tank; CT: cold tank; RS: refrigerating 

system. 

Fig. 1 – Schematic of the AHU of the SENS i-Lab 

3. Simulation Model

In TRNSYS 18 a mathematical model (named 

“Type”) represents each component. Each TRNSYS 

Type requires some inputs to be specified in order 

to calculate the corresponding outputs. Fig. 2 pre-

sents a flow diagram indicating the main TRNSYS 

Types used in the model, together with the main 

corresponding inputs and outputs. In this study, the 

AHU was simulated with a time-step of 1 second. In 

the TRNSYS Type 930 (modelling the RAF and the 

SAF), an energy balance that considers pressure im-

pacts determines the air's output state; the volumet-

ric air flowrate is simulated according to the 

RAF/SAF velocity set by the end-user electric via 

specific equations derived from separate experi-

ments. The simulated power consumption 

EPRAF,SIM/EPSAF,SIM of the RAF/SAF is calculated via 

the following equations (derived from separate ex-

perimental tests) as a function of the RAF/SAF ve-

locity percentage OLRAF/OLSAF (ranging between 0 

and 100%) set by the end-user:  

5
RAF

4 3
RAF RAF
2

RAF RAF

RAF,SIM 0.000000142 OL

0.00002882 OL 0.0013779 OL

0.040138 OL 0.15187 OL 17.1 1

EP

0

−  +



=

 +

−

−

 +



Eq.10 

4 3
SAF SAF

2
SAF

SAF,SI

S F

M

A

0.0000136 OL 0.0009289 OL

0.14404 OL 1.324 OL

P

7.297

E

8

=  −  +

 −  +
Eq.11 

The mixing of outdoor air and return air is modelled 

via the TRNSYS Type 648. In the TRNSYS Types 

508c and 753e are modelling the CC and the PostHC, 

respectively; the air is passing over a coil inside 

which a colder/hotter heat carrier fluid is flowing; 

these Types use the “bypass fraction approach” to 

predict the outlet conditions of both heat carrier 

fluid and air; according to the AHU manufacturer, 

the bypass fraction is 15% for the CC and 10% for 

the PostHC. The following equations are used to cal-

culate the simulated cooling power CPCC,SIM and 

thermal power TPPostHC,SIM supplied by the CC and 

the PostHC, respectively: 

( )CC,SIM F F F,in,CC,EXP F,out,CC,SIM F,in,CC,EXPCP  =  ρ c V T - T   Eq.12 

PostHC,SIM F F F,in,PostHC,EXP F,in,PostHC,EXP

F F F,in,PostHC,EXP F,out,PostHC,SIM

TP = ρ c V T

ρ c V T

   −

  
Eq.13 

where TF,out,CC,SIM and TF,out,PostHC,SIM are the simulated 

temperature of the heat carrier fluid exiting the CC 

and the PostHC, respectively. 

The TRNSYS Type 941 models a single-stage air-to-

water HP/RS. It generates output values for ab-

sorbed power, RS cooling capacity, or HP heating 

capacity. This model requires a performance input 

map (based on a user-supplied data file) that in-

cludes the values of heating capacity and electric 

power consumption as a function of both outside air 

temperature and heat carrier fluid temperature 
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entering the HP/RS. The performance maps of the 

HP and the RS used in this study are reported in 

Figs. 3 and 4, respectively; they indicate the COeffi-

cent of Performance (COP) of the HP (Fig. 3) and the 

Energy Efficiency Ratio (EER) of the RS (Fig. 4). 

Fig. 2 – Flow chart with inputs and outputs of TRNSYS Types 

The values in Figs. 3 and 4 have been obtained by 

modifying the manufacturer performance maps (de-

rived via the Magellano software developed by the 

manufacturer itself (AERMEC, 2024)) according to 

experimental tests conducted in the SENS i-Lab and 

described in the Section 2. The manufacturer as-

sessed the performance of both the HP and the RS 

based on experimental tests performed according to 

(European Standard EN 14825). In particular, with 

respect to the manufacturer values, both the electric 

power consumption and the heating power outputs 

of the HP were decreased by 25%, while the electric 

power consumption values of the RS were increased 

by 25% and the cooling power outputs of the RS 

were reduced by 40% in order to be compliant with 

the measured values. As a result, the COP values of 

the HP remained the same as the manufacturer’s 

specifications, while the EER values of the RS de-

creased by 48% compared to the manufacturer’s 

performance map. The following equations are used 

in this paper to calculate the simulated values of 

cooling power CPRS,SIM and thermal power TPHP,SIM 

supplied by the RS and the HP, respectively: 

( )RS,SIM F F F,in,RS,EXP F,in,RS,EXP F,out,RS,SIMCP  = ρ c V T -T   Eq.14 

( )HP,SIM F F F,in,HP,EXP F,out,HP,SIM F,in,HP,EXPTP  = ρ c V T -T   Eq.15 

where TF,out,RS,SIM and TF,out,HP,SIM are the simulated 

temperatures of the heat carrier fluid exiting the RS 

and the HP, respectively. In the TRNSYS Type 641 

(modelling the humidifier), the outlet state of the air 

is defined based on an energy balance where the 

heat losses are neglected. The following equation is 

derived from measured data to calculate the simu-

lated humidifier electric power consumption 

EPHUM,SIM as a function of the measured opening per-

centage OPV,HUM,EXP (ranging between 0 and 100%) 

of the valve supplying the humidifier: 

HUM,SIM V,HUM,EXPEP OP 34.022=  Eq.16 

Fig. 3 – COP of the HP upon varying TOA and TF,out,HP 

Fig. 4 – EER of the RS upon varying TOA and TF,out,RS 

4. Experimental Validation of the
Simulation model

The proposed TRNSYS model has been validated by 

comparing the simulation results with 453,600 ex-

perimental data points. The Eq. 17 is used to calcu-

late the percentage difference between the simu-

lated and experimental daily values of electric (EE), 

cooling (CE), and thermal energy (TE) for each com-

ponent of the AHU, including SAF, RAF, HUM, RS, 

HP, CC, and PostHC: 

( )Y,SIM Y,EXP
Y

Y,EXP

X X
X  = 100

X
−

  Eq.17 
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where XY,SIM is the simulation value of EE/CE/TE as-

sociated to the specific AHU component Y, while 

XY,EXP is the experimental value of EE/CE/TE associ-

ated to the same AHU component Y obtained dur-

ing the same test. Figs. 5 and 6 report the values of 

ΔEESAF, ΔEERAF, ΔEEHUM, ΔEERS, ΔEEHP, ΔCERS, 

ΔCECC, ΔTEHP and ΔTEPostHC as a function of the 

summer and winter tests, respectively. In this con-

text, positive values indicate that the simulated en-

ergy values are greater than the measured values. 

Tables 1 and 2 indicate the minimum and maximum 

values of the parameters ΔEESAF, ΔEERAF, ΔEEHUM, 

ΔEERS, ΔEEHP, ΔCERS, ΔCECC, ΔTEHP and ΔTEPostHC 

during summer and winter, respectively, also indi-

cating the test corresponding to the minimum/max-

imum value. The results illustrate that the proposed 

model effectively captures the real-world perfor-

mance of both the SAF and the RAF. This is evident 

from the values of ΔEESAF and ΔEERAF, consistently 

ranging from -3.4% to 3.8% for each respective field. 

The variations in percentages observed between the 

experimental and simulated values can be at-

tributed to the utilization of equations derived from 

interpolated experimental electric demands to cal-

culate the electric energy consumption of the simu-

lated SAF and RAF; while these equations exhibit 

high R² values exceeding 0.99, they do not entirely 

capture the transient behaviour of the SAF and RAF, 

particularly during the initial stages of testing. The 

comparison of measured and predicted values high-

lights the overall accuracy of the simulation for both 

the RS and HP systems, although there is room for 

improvement, as indicated by the largest deviations 

observed: -15.3% for ΔEERS, -9.9% for ΔCERS, -10.6% 

for ΔEEHP, and -10.5% for ΔTEHP. These percentage 

differences can be explained by taking into account 

that the TRNSYS Type 941 does not consider the 

transient effects of both the inlet fluid temperature 

and the outdoor air temperature, but it assumes a 

steady-state operation of both the RS and the HP 

(while a transient behaviour is usually recognized 

during field tests). With respect to the humidifier, it 

can be noticed that the parameter ΔEEHUM is charac-

terized by a minimum value of -9.1% (test W3) dur-

ing winter, while its maximum value is 4.2% during 

summer. The differences between the experimental 

and simulated data can be attributed to the fact the 

HUM electric energy consumption has been 

evaluated based on an equation interpolating the 

measured values and, therefore, it is not always able 

to accurately capture the transient operation of the 

HUM, especially at the beginning of its activation 

requiring a few minutes to reach steady-state condi-

tions. 

Table 1 – Minimum and maximum values of ΔEESAF, ΔEERAF, ΔEE-
HUM, ΔEERS, ΔEEHP, ΔCERS, ΔCECC, ΔTEHP and ΔTEPostHC with ref-
erence to the summer tests 

Minimum Maximum 

ΔEESAF 1.4% (test S5) 3.8% (test S2) 

ΔEERAF -1.8% (test S1) 0.2% (test S4) 

ΔEEHUM -5.4% (test S4) 4.2% (test S1) 

ΔEERS 1.9% (test S4) 8.4% (test S6) 

ΔEEHP -10.6% (test S6) 3.4% (test S5)

ΔCERS -9.9% (test S3) 3.8% (test S1) 

ΔCECC -3.9% (test S4) 1.1% (test S6) 

ΔTEHP -8.3% (test S6) 1.6% (test S3) 

ΔTEPostHC 0.0% (test S6) 4.85% (test S3) 

Table 2 – Minimum and maximum values of ΔEESAF, ΔEERAF, ΔEE-
HUM, ΔEERS, ΔEEHP, ΔCERS, ΔCECC, ΔTEHP and ΔTEPostHC with ref-
erence to the winter tests 

Minimum Maximum 

ΔEESAF -2.4% (test W7) 2.1% (test W1)

ΔEERAF -3.4% (test W5) -2.4% (test W1)

ΔEEHUM -9.1% (test W3) -2.4 % (test W2)

ΔEERS -15.3% (test W1) 4.9% (test W4)

ΔEEHP -9.8% (test W7) 9.7% (test W4)

ΔCERS -8.6% (test W7) 1.6% (test W2)

ΔCECC -5.7% (test W6) 18.3% (test W1)

ΔTEHP -10.5% (test W7) 3.9% (test W2)

ΔTEPostHC -6.0% (test W3) -1.9% (test W1)
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In particular, during the W3 test the humidifier was 

activated only 4 times, each time for a limited period 

of about 7 minutes, with significant unsteady oper-

ation. In relation to the CC and the PostHC, the var-

iance between simulated and measured perfor-

mance (with the highest deviations being 18.3% and 

-6.0%, respectively) can be ascribed to two primary 

factors: a) air temperature is measured in a single 

specific point (while a non-uniform air temperature 

distribution is generally recognized at the inlet and 

outlet), and b) a constant bypass factor is assumed 

(even if it changes with the operating conditions).  

5. Conclusion 

In this paper, a detailed dynamic simulation model 

of a typical HVAC system including a single duct 

dual-fan constant air volume air-handling unit has 

been developed and experimentally validated via 

the software TRNSYS 18. The comparison between 

simulation and measured data underlined a high 

degree of accuracy of the model in reflecting the 

measured field performance, with maximum 

percentage differences between predicted and ex-

perimental values up to -6.0%, 18.3%, -9.1%, -10.6%, 

-15.3% in terms of heating coil energy, cooling coil 

energy, humidifier electric demand, heat pump 

electric consumption and refrigerating system elec-

tricity request, respectively. Therefore, the analysis 

highlighted a) the capability of TRNSYS platform in 

simulating complex system dynamics and its utility 

in advancing HVAC research and design, as well as 

b) the accuracy and efficacy of the developed simu-

lation model in capturing real-world performance 

of the HVAC system. However, there are still short-

comings due to its inability to fully represent and 

simulate the transient operation of AHU compo-

nents (and this is one of the main reasons causing 

the discrepancies between predicted and measured 

data). Future work will focus on enhancing the ac-

curacy of the proposed AHU digital twin, with par-

ticular reference to the heat pump and the refriger-

ating system, by means of artificial neural network-

based models (trained based on the field perfor-

mance values) allowing to accurately represent the 

system beyond its steady-state functioning. 

 

Fig. 5 – Percentage difference between simulated and experimental performance of AHU components as a function of summer tests 
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Fig. 6 – Percentage difference between simulated and experimental performance of AHU components as a function of winter tests 
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Nomenclature 

Symbols 

A Current intensity (A) 

AHU Air-handling unit 

CC Cooling coil 

CE Cooling energy (kWh) 

COP Coefficient of performance 

CP Cooling power (kW) 

D Percentage difference (%) 

EE Electric energy (kWh) 

EER Energy efficiency ratio 

EP Electric power (W) 

HP Heat pump 

HUM Humidifier 

HVAC Heating, ventilation and air-condi-

tioning 

OL Velocity percentage (%) 

OP Opening percentage (%) 

PostHC Post-heating coil 

RAF Return air fan 

RS Refrigerating system 

S1-S6 Tests performed during summer 

SAF Supply air fan 

T Temperature (°C) 

TE Thermal energy (kWh) 

TP Thermal power (kW) 

V Voltage (V) 

V Volumetric flow rate (m3/s) 

VAV Variable air volume 

W1-W8 Tests performed during winter 

Subscripts 

CC Cooling coil 

EXP Experimental 

F Heat carrier fluid 

HP Heat pump 

HUM Humidifier  

PostHC Post-heating coil 

RAF Return air fan 

RS Refrigerating system 

SAF Supply air fan 

SIM Simulated data 
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