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1. INTRODUCTION  

Recently, the exploitation of local energy sources and the 

adoption of local energy generation systems are fundamental 

issues dealing with energy conversion systems. On the other 

hand, the employment of cogeneration systems enables the 

simultaneous production of electricity and heat from a single 

source. Cogeneration plants are composed of combined heat 

and power systems with an electric output [1, 2]; this type of 

plant is known for its good overall efficiency in terms of 

resources consumption with respect to the separate production 

of the same cogenerated energy vectors [3, 4]. Co-trigeneration 

plants [5] represent the further evolution of cogeneration plants 

[6] with a global improvement of the plant performance. They 

satisfy heating, cooling and electrical requirements from the 

same source of energy [7], by using some of the produced heat 

to generate chilled fluid with an absorption chiller. To enhance 

the plant performance, co-trigeneration plants integrated with 

a solar plant are currently under investigation [8-10]. 

The aim of this work is the analysis of the energy 

performance of two school buildings, in order to optimize their 

performance and efficiency. The whole system is simulated by 

TRNSYS 17 simulation software [11-14]. Such a software has 

several advantages, i.e. a good technical documentation, the 

availability of the source code, the modular design, which 

allows representing buildings and plants through components 

(types), and, finally, the ability to link to other codes. On the 

other hand, the weaknesses are represented by a resolution 

technique of the thermal exchanges based on the “z–transfer 

function”, which makes the modeling of building envelopes 

with high thermal inertia a difficult task, and a simplified 

model through the “star temperatures” of the inner surfaces of 

the thermal zones [15]. By comparing the results obtained with 

TRNSYS and Energy Plus Software (EPS) [16] under dynamic 

conditions, it is shown that EPS results in the highest net 

heating demand, while TRNSYS calculates the lowest. 

However, the difference between the two softwares in terms of 

outputs is less than 4%. 

Two school buildings [17], Liceo Classico “E. Duni” and 

Liceo Scientifico “D. Alighieri”, in Matera, Italy, are analysed. 

The results obtained under dynamic conditions [18] are 

compared with those under stationary conditions obtained by 

employing MC-11300, which is a numerical solver certified by 

the Italian Thermotechnical Committee. Under stationary 

conditions, the simulations of the energy performance of the 

buildings do not provide an accurate prediction of the real 

energy performance, since such simulations do not consider 

the periodic variation of temperature and of solar radiation, but 

employ daily averaged weather data. On the other hand, under 

dynamic conditions [19], more careful and detailed studies can 

be performed to assess building envelope performances with 

different external factors, such as outside temperature, solar 

radiation, natural ventilation, users’ behavior and air 

conditioning plant. Moreover, according to the current Italian 

 

DYNAMIC MODELING AND SIMULATION OF BUILDINGS ENERGY 

PERFORMANCE BASED ON DIFFERENT CLIMATIC CONDITIONS 

 

Angela Genco*, Annarita Viggiano*, Gianluca Rospi°, Nicola Cardinale° and Vinicio Magi* 

 

*School of Engineering – University of Basilicata, viale dell’Ateneo Lucano 10, Potenza 85100, Italy 

° Department of European and Mediterranean Cultures: Architecture, Environment, Cultural Heritages – 

University of Basilicata, via Lazazzera, Matera 75100, Italy 

 

Email: angela.genco@unibas.it 

 

 

ABSTRACT 
 
The aim of this work is the analysis, under dynamic conditions, of the energy performance of buildings based on different 

climatic conditions. Two school buildings, Liceo Classico “E. Duni” and Liceo Scientifico “D. Alighieri”, located in Matera, 

Italy, are considered. Furthermore, a strategy to improve the energy performance of the two school buildings is proposed by 

the installation of a co-trigeneration plant integrated with a solar plant. Such a plant is equipped with an absorption chiller to 

produce chilled fluid. The analysis under dynamic conditions has been performed by using a well-known simulation software, 

TRNSYS 17, and the results have been compared with those obtained under stationary conditions by employing a numerical 

solver, MC-11300, which is certified by the Italian Thermotechnical Committee. At first, the results obtained by considering 

the dynamic and stationary states and the experimental data measured in situ are compared by considering the actual buildings 

plants. Then, the energy performance of the two buildings is computed by considering three different climatic zones of Italy. 

Finally, a discussion of the advantages of the proposed requalification solution, which employs the trigeneration plant, is given.  
(Presented at the AIGE Conference 2015) 

 

Keywords: Dynamic simulation, Energy performance, School building, TRNSYS model, Trigeneration. 

107



 

 

 

legislation (Legislative Decree 311/2006 and the application of 

new regulations – DM 06/26/2015) and the new UNI TS 11300 

regulations “Energy performance of buildings” Part 1-2-3-4, 

studies from now on will be based on hourly weather data 

rather than monthly averaged weather data, thus obtaining 

more accurate results and highlighting specific conditions. 

In this work, several analyses under dynamic conditions are 

carried out by changing the number of days when the heating 

plant is working. Specifically, the number of heating days is 

reduced by considering the real operating conditions of the two 

schools [20]. The results of the simulations, in terms of energy 

performance, under stationary and dynamic conditions are 

compared [1, 2, 16]. Furthermore, the simulation results are 

compared with the experimental data in terms of thermal 

energy demand measured in situ, thus validating the model. 

Then, the model is used to predict the energy performance of 

the two buildings under climate conditions different from those 

of Matera. Specifically, three different cities of Italy, i.e. 

Bolzano, Rome and Palermo, are considered to account for 

typical climatic conditions of northern, central and southern 

Italy. 

Finally, a strategy to improve the energy performance of the 

two buildings is proposed. Such a strategy consists of the 

installation of a co-trigeneration plant integrated with a solar 

plant. Specifically, the co-trigeneration plant is composed by 

two internal combustion gas engines connected in parallel so 

that the sum of their power satisfies the maximum requirement 

for heating and electrical power. This plant is equipped with an 

absorption chiller to produce chilled fluid. The reason for the 

choice of this design is based on the potential efficiency of 

using part of the cogenerated thermal power to heat the 

absorption machine for cooling production, enabling better 

exploitation of the global system plant.  

This work is organized as follows: first the main features of 

the two buildings are given, then the simulation model is 

described and the results are discussed. A requalification 

solution with a trigeneration plant is given and finally the 

conclusions are summarized. 

2. THE CASE STUDY 

This study deals with the energy performance of two school 

buildings, Liceo Classico “E. Duni” and Liceo Scientifico “D. 

Alighieri”, in Matera, Italy, built of reinforced concrete in the 

mid 60s and early 70s, respectively. 

Liceo Classico “E. Duni” is made up of five levels above the 

ground level and one basement level, with a total volume of 

21,800 m3 and a surface area of 6,085 m2. The current heating 

system is fueled with natural gas boiler; the natural gas 

consumption amounts to 57,680 m3/year. The electricity 

consumption is equal to 79,242 kWh/year. The lighting plant 

is made up of 439 neon distributed in several rooms of the 

school building. Currently, Liceo Classico “E. Duni” has a 

unique heating system located in a central position of the 

building (to balance the distribution network). There is a boiler 

room with two heat generators built in 2006. The heat 

generator consists of two basic components: the burner and the 

boiler itself. The burner supplies the required fuel quantity into 

the boiler combustion chamber where the combustion between 

fuel and oxygen takes place. The heat transfer fluid is water 

and radiators emission system is used. The thermal power is 

equal to 340 kW with an efficiency of 92% (operating at full 

load). The actual energy consumption of Liceo “E. Duni” has 

been monitored in the four-year range 2009-2012. 

Liceo Scientifico “D. Alighieri” is made up of four levels 

above the ground level, with a total volume of 44,851 m3 and 

a surface area of 7,830 m2. The current heating system is fueled 

with natural gas boiler; the natural gas consumption amounts 

to 23,546 m3/year. The electricity consumption is equal to 

39,532 kWh/year. The lighting plant is made up of 366 neon 

distributed in several rooms of the school building. Liceo 

Scientifico “D. Alighieri” has a unique heating system located 

next to the building. The heat transfer fluid is water and a 

radiators emission system is employed. The heating system is 

composed of five thermal generators (Type 1), installed about 

a year ago with a total power of 908 kW and one thermal 

generator (Type 2), installed about a year ago with a total 

power of 147 kW. 

3. SIMULATION MODEL UNDER DYNAMIC 

CONDITIONS 

The dynamic model used to simulate the whole system has 

been developed by employing TRNSYS 17 software. The 

layout is shown in Figure 1. The model is composed of the 

following parts: weather data reader and radiation processor, 

psychrometric processor, solar radiation processor and 

building model. The weather data reader takes data from input 

file in .EPW format and processes the global radiation to 

compute several quantities related to the position of the sun, 

and to estimate insolation on a number of surfaces of either 

fixed or variable orientation. The psychrometric processor 

takes as input the dry bulb temperature and relative humidity 

of moist air and returns the corresponding moist air properties, 

i.e. dry bulb temperature, dew point temperature, wet bulb 

temperature, relative humidity, absolute humidity ratio, and 

enthalpy. Moreover, it determines an effective sky 

temperature, which is used to calculate the long-wave radiation 

exchange between an arbitrary external surface and the 

atmosphere. The effective sky temperature is always lower 

than the current ambient temperature. The black sky on a clear 

night, for example, is assigned a low effective sky temperature 

to account for the additional radiative losses from a surface 

exposed to the sky. The solar insolation data is generally taken 

at one hour intervals and on a horizontal surface. The solar 

radiation processor interpolates radiation data, calculates 

several quantities related to the position of the sun, and 

estimates insolation on a number of surfaces of either fixed or 

variable orientation. The building model simulates the thermal 

behaviour of a building composed of different thermal zones. 

The processor generates its own set of monthly and hourly 

summary output files. 

The whole system has been simulated by using a simulation 

time step equal to 1-hour, with a duration of the simulation 

period depending on the city under consideration. 

3.1 Model set-up for Liceo Classico “E. Duni” 

The entire building is divided in two types of thermal zones, 

so that different indoor comfort conditions may be set, 

depending on the use of the rooms, i.e. restrooms as bathrooms, 

hallway and stairway and classrooms that include every room 

intended for the development of school activity, by considering 

also laboratories and meeting rooms. The two thermal zones 
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are defined for each floor. Therefore, by considering that the 

school building is made up of 6 levels, 12 different thermal 

zones are obtained. 

Even though the model allows to manage the two thermal 

zones independently of one another, in this work the actual 

plant is simulated, so the same conditions for the two thermal 

zones are imposed. Specifically, the internal temperature (set-

point temperature) is set to 20°C, whereas the heating demand 

profile is shown in Figure 2.  

The building envelope, shown in Figure 3, is made up of the 

external wall, which is the larger component of the building 

envelope and is made of concrete blocks plastered on both 

sides, the windows, which are of three types: 

 

 
 

Figure 1. Simulation model with TRNSYS 17 

 

 
 

Figure 2. Heating demand profile – operating plant 

 

 
 

Figure 3. Building envelope of Liceo Classico E. Duni 

 
 

Figure 4. Building envelope of Liceo Scientifico D. Alighieri 

 

 North, east and west façade, south façade of first 

floor: made of metal frames without thermal insulation 

(thickness of 3 cm) with single glass and characterized by a 

high transmittance value; most of them are devoid of shutters; 

 South façade of basement floor, some elements of 

north façade of basement floor: made of metal frames without 

thermal insulation (thickness of 5 cm) with single glass and 

characterized by an average transmittance value; most of them 

are devoid of shutters; 

 Some elements of south and north façade of basement 

floor: made of metal frames without thermal insulation 

(thickness of 5 cm) with double glass (4-6-4 mm) and 

characterized by a low transmittance value; most of them are 

devoid of shutters; 

the basement horizontal floor, which is in contact with the 

ground and the roof floor, which is not accessible. Since there 

are not enough data for an accurate definition of the floors, the 

Italian Heat Technology Committee schedule [21] is used as 

reference, assuming the floor against the earth is made of 

lightweight concrete and stoneware interior flooring and the 

roof floor is made of concrete base and brick blocks. 

3.2 Model set-up for Liceo Scientifico “D. Alighieri” 

The building envelope, shown in Figure 4, is made up of the 

external wall, which is the larger component of the building 

envelope and is made of concrete blocks plastered on both 

sides, the windows, which are made of metal frames without 

thermal insulation with single glass, are characterized by a high 

transmittance value and most of them are devoid of shutters, 

the basement horizontal floor, which is in contact with the 

ground, the floor against the earth, made of lightweight 

concrete and stoneware interior flooring, and the roof floor, 

which, according to the Italian Heat Technology Committee 

schedule [21], is assumed to be made of concrete base and 

brick blocks. 

Also in this case, two thermal zones are enabled for each 

level, but in this work the same conditions for the two zones 

are imposed. 

4. RESULTS 

4.1 Model validation 

In order to validate the model set-up, simulations of the 

energy performance of Liceo Classico “E. Duni” have been 
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carried out by considering the weather conditions of the city of 

Matera. The Italian regulations divide the country in different 

climatic zones according to the average meteorological 

conditions for each town. Therefore, different climatic zones 

indicate different weather conditions. Specifically, the 

calculations have been carried out by considering the 

hypotheses given in Table 1 for the city of Matera. 

Table 1. Climatic conditions and hypothesis for the model 

validation 

 

City Climatic zone 
Heating 

period 

Operation of 

the plant 

Matera D 1st November 

÷15th April 

12 hour/day 

 

 
 

Figure 5. Internal and external temperatures – behavior without heating plant (January) 

 

The results of the simulations performed under dynamic 

conditions are compared in Table 2 with those obtained under 

stationary conditions by employing MC-11300 software [22] 

and with the actual data measured in-situ. Specifically, TED 

and EPI indicate the Thermal Energy Demand for heating and 

the Energy Performance Index, respectively. 

The results obtained under dynamic conditions show a 

deviation of about 32% compared to the data obtained under 

stationary conditions and are closer to the actual data with 

respect to stationary conditions results, thus showing the 

importance of considering the time variation of the different 

parameters (first of all the thermal inertia and the envelope 

storage capacity). The calculation under stationary conditions 

is not only misleading with respect to the actual operating 

conditions of the buildings but also is not reliable in energy 

requalification proposal. This is the reason why the latest 

updates of the Italian legislation on energy performance of 

buildings – D.M. June 26, 2015 – provide that the calculation 

of the energy performance has to be carried out on hourly data 

and not on a monthly average. The dynamic conditions results 

are, however, considerably different with respect to the actual 

consumption with a deviation of 86%. Such a difference may 

be due to the choice of the operating conditions, since, in 

agreement with law disposal, it has been supposed that the 

heating plant works 12 hr/day, whereas 8 hr/day seems to be a 

more reliable hypothesis. The computations have been 

repeated under this new assumption and the results are given 

in Table 3. In this case the result shows a deviation of about 

61%. This value is rather high yet. A further simulation has 

been carried out by considering that the school is closed during 

holidays. So the heating period decreases from 166 days to 121 

days. In this case the thermal energy demand for heating under 

dynamic conditions is similar to the actual consumption: 

indeed the deviation between the two results reduces to about 

17%, as shown in Table 4. Such a difference is considered 

acceptable within the present work to validate the model. 

Figure 5 shows the outside temperature (red line) and the 

internal temperatures of the different thermal zones (remaining 

lines) in January, when the heating plant is turned off. The 

diagram shows that the internal temperatures of the heating 

zones follow the trend of the external temperature with a time 

delay which depends on the thermal inertia of the building 

envelope. In the specific case, it is noted that the school 

building is characterized by a sufficient thermal inertia when 

the operating condition is reached: the variation of the internal 

temperature is about 3,5 °C while the value of the average 

temperature is about 5,4 °C. 

 

Table 2. Results referred to the city of Matera (model 

validation – Liceo Duni) - heating period 1st November÷15th 

April – 12 hr/day 

 

 Stationary 

conditions 

Actual 

data 

Dynamic 

conditions 

TED [kWh] 555,492.52 226,041.60 420,871 

Heated useful 

floor area [m2] 4,814.06 4,814.06 4,814.06 

Gross heated 

volume [m3] 
15,467.43 15,467.43 15,467.43 

EPI [kWh/ m3 

year] 
35.914 14.65 27.21 

[ °C ] 
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Table 3. Results referred to the city of Matera (model 

validation – Liceo Duni) - heating period 1st November÷15th 

April – 8 hr/day 

 

 Actual data Dynamic 

conditions Deviation 

TED [kWh] 226,041.60 363,202.45 

60.68% EPI [kWh/ m3 

year] 
14.61 23.48 

 

Table 4. Results referred to the city of Matera (model 

validation – Liceo Duni) - heating period 1st November÷15th 

April and 121 day– 8 hr/day 

 

 Actual data Dynamic 

conditions Deviation 

TED [kWh] 226,041.60 264,743.96 

17.12% EPI [kWh/ m3 

year] 
14.61 17.11 

 

Figure 6 shows the outside temperature (red line indicated 

by the arrow) and the hourly averaged power for the different 

thermal zones (remaining lines) in January when the heating 

plant is on. Specifically, the pink line refers to a zone on the 

upper floor with high dissipation loss. As expected, the trend 

of energy consumption is similar to the heating demand profile 

shown in Figure 2 (during the 24 hours of each day). Moreover, 

the energy consumption varies with the external temperature 

conditions, being higher when the outside temperature is 

lower. Figure 6 allows to evaluate the quality of building 

envelope thermal inertia. Indeed, as soon as the plant switches 

on, there is a higher power consumption because the heating 

system should guarantee the achievement of the set point 

temperature starting from an internal temperature rather low 

(overnight internal temperature). During the 12 hours of plant 

operations, consumptions tend to decrease: the heating system, 

in fact, has to maintain the indoor temperature set point that is 

reached in the first hours when the plant is switched on. 

Although the heat loss increases with the difference between 

internal and external temperatures, the envelope delays the 

heat transfer as much as it is equipped with thermal inertia. 

Figure 7 shows the trend of the internal and external (red 

line) temperatures when the heating system is on. From the 

figure, the set-up of plant operations (12 hours a day – Tset, 

point = 20°C) is evident. When the heating system turns off, 

the slope of the curves indicates the ability to maintain over 

time the heat accumulated during the heating system 

operations. 

Figure 8 shows the monthly energy consumption in the 

period 1st November ÷15th April considered for the simulation. 

As expected the energy consumption varies with the external 

temperature conditions, being higher in January when the 

outside temperature is low. April is characterized by low 

heating consumption as the heating system is turned on for 

only 15 days and outside temperatures are milder. November 

has reduced energy requirements even if the outside 

temperatures are rather low, since the building envelope is still 

“hot” after the summer months.  

 

 
Figure 6. Energy consumption – behavior with heating plant (January) 

 

 

[ °C ] 

 

[ kWh ] 

111



 

 

 

 
 

Figure 7. Internal and external temperatures – behavior with heating plant (January) 

 

 
 

Figure 8. TED per month for Liceo Duni under dynamic conditions 

4.2 Influence of climatic conditions on different buildings 

In order to analyze the behavior of the school buildings 

under different climatic conditions, three Italian cities, i.e. 

Bolzano, Rome and Palermo, characterized by climatic 

conditions quite different from each other, have been 

considered. The energy performance of the two school 

buildings has been computed under the assumption they were 

located in the three cities. Specifically, the calculation under 

stationary conditions and dynamic conditions has been carried 

out by considering the hypotheses given in Table 5 and the 

results are shown in Table 6.  

As expected, the results for both schools show that the 

energy consumption decreases by performing the simulation in 

the center and, even more, in the south of Italy with respect to 

the same computation carried out in northern Italy. Besides, 

under stationary conditions a higher TED and EPI for Liceo D. 

Alighieri with respect to the other school is obtained. The EPI 

of Liceo D. Alighieri is about 2.04/1.41 times the EPI of Liceo 

Classico E. Duni by considering the city of Palermo/Bolzano. 

Under dynamic conditions the EPI of the two buildings is 

comparable for all the three cities.  

 

 

By comparing the stationary and the dynamic results in 

terms of TED it is shown that under stationary conditions the 

results are always overestimated, with the higher differences 

occurring in the case of Liceo Alighieri. In this case, the 

differences between stationary and dynamic conditions are 

higher in warmer weather conditions (Palermo) compared to 

colder climates and temperature (Bolzano). This result is 

probably due to the effects of the building envelope and 

thermal inertia, which are more accurately computed in the 

dynamic simulation.  

Moreover, an assessment of the actual energy consumption 

of the two school buildings, as if they were located in the other 

three Italian cities, can be performed. Table 7 shows the 

results, for Liceo Duni and Alighieri of the dynamic 

simulations performed in the three cities under the hypothesis 

used in the model validation, i.e. by considering that the school 

is closed during holidays, thus reducing the heating period of 

45 days in a year with respect to the set-up given in Table 5. 

Then, the actual consumption has been assessed by assuming 

that the deviation between the data obtained from the dynamic 

simulation and the hypothetical actual consumption is constant 

in the three locations and equal to about 17%. The results, 

named consumption assessment, are shown in Table 7. 

[ 
°C

 ]
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Figure 9 shows the monthly TED for both buildings in the 

three different locations computed by using the dynamic 

simulation under the hypotheses given in Table 5. The results 

are consistent with the specific climate conditions of the three 

cities, with the higher energy consumption on December and 

January. 

5. ENERGY PERFORMANCE IMPROVEMENT: 

TRIGENERATION CONFIGURATION 

 

Based on the analysis performed and the results obtained, a 

strategy to improve the energy performance of the two school 

buildings is proposed. Specifically, a trigeneration plant, 

which allows the simultaneous production of heat, cool and 

power energy, is designed to satisfy the energy needs of both 

schools. The exploitation of the useful heat produced by the 

cogeneration plant also for cooling increases the potential 

efficiency of this system. The plant configuration is shown in 

Figure 10. 

Table 5. Climatic conditions and operation hypotheses 
 

City Climatic zone Heating period Operation of the plant 

Bolzano E 15th October ÷ 15th April 14 hour/day 

Rome D 1st November ÷ 15th April 12 hour/day 

Palermo B 1st December ÷ 15th March 8 hour/day 

 

Table 6. Results referred to the cities of Bolzano, Rome and Palermo (stationary and dynamic conditions) 
 

 Liceo E. Duni Liceo D. Alighieri 

 TED [kWh] EPI [kWh/ m3 year] TED [kWh] EPI [kWh/ m3 year] 

 stationary conditions 

Bolzano 911,052.70 58.90 3,713,689.14 82.8 

Rome 424,244.34 27.43 2,055,712.40 45.8 

Palermo 196,925.84 12.73 1,170,862.28 26.1 

 dynamic conditions 

Bolzano 691,031.31 44.68 2,175,150.83 48.48 

Rome 326,635.13 21.12 861,740.87 19.21 

Palermo 130,991.29 8.47 376,781.30 8.40 
 

 

Table 7. Results referred to the cities of Bolzano, Rome and Palermo - 8 hr/day – Energy consumption assessment 
 

 

TED [kWh] Heating period Dynamic conditions Consumption assessment 

  Liceo Duni 

Bolzano 15st October÷15th April [137 days] 405,154.03 345,930.70 

Rome 1st November÷15th April [121 days] 202,177.10 172,623.89 

Palermo 1st December÷31th March [76 days] 84,861.69 72,457.05 

  Liceo Alighieri 

Bolzano 15st October÷15th April [137 days] 1,247,660.27 1,065,283.70 

Rome 1st November÷15th April [121 days] 590,672.53 504,331.05 

Palermo 1st December÷31th March [76 days] 247,828.57 211,602.26 

 
 

Figure 9. TED per month under dynamic conditions 
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In details, the trigeneration plant is composed of: a cooling 

tower, which is a heat exchange device that allows the transfer 

of heat substantially without increasing the air temperature but 

exploiting the heat of evaporation of water yielding only steam 

into the atmosphere; an absorbtion liquid chiller, which uses 

waste heat of the cooling tower in order to  

 

refrigerate heat transfer fluid; an internal combustion engine,  

which consists of two engines, with  power equal to 365 kW 

and 210 kW, respectively, connected in parallel so that the sum 

of their power satisfies the maximum need of heating thermal 

power and electrical power of the two schools; solar thermal 

collectors; heat exchangers; storage tanks; hydronics. 

 

 
 

Figure 10. Trigeneration plant layout 

 

The efficiency and the energy saving of the trigeneration 

plant can be estimated on the basis of the scientific literature 

[2, 3, 23-25]. Specifically, in [2], the authors examine the 

performance of a residential building-integrated micro-

cogeneration system during the winter by using TRNSYS. The 

influence of the most significant boundary conditions on the 

system environmental and economic performance were 

analyzed by running simulations with different volumes of the 

hot water storage, different climatic zones, different electric 

demand profiles, and different type of micro-cogeneration unit 

control strategies (electric load-following and thermal load-

following operation). The analyses showed that whatever the 

city and the control logic are, the hot water tank with the largest 

volume allows for minimizing the equivalent carbon dioxide 

emissions, as well as the operating costs of the system. 

Whatever the city and electric demand profile are, the proposed 

system allows for a reduction of equivalent carbon dioxide 

emissions in comparison to the reference system only in the 

case of thermal load-following logic; the alternative system is 

more convenient than the conventional system from an 

economic point of view whatever the city, electric demand 

profile and MCHP control logic are. 

Based on this analysis, it appears that the adoption of a 

cogeneration system would be useful also in the case studied 

in this work, to reduce the emissions of carbon dioxide. In 

particular, it emerges that an important factor for the evaluation 

of system efficiency is the size of the storage tank and the 

energy system management and control. Moreover, the system 

turns out to be economically viable for any case, even if the 

best results are obtained in colder climatic conditions. 

In the present work, the summer mode is also very 

interesting by considering that the school buildings could be 

used for other activities and that Matera is characterized by 

rather warm summers. Besides, to ensure suitable indoor 

comfort, it is essential to promote strategies that allow 

thermohygrometric control within school buildings. For this 

reason, a trigeneration plant is proposed in this work.  

6. CONCLUSIONS 

This paper deals with the investigation of the energy 

performance of two school buildings in the city of Matera, 

Italy, under stationary and dynamic conditions. At first, the 

model has been validated by comparing the computations, in 

terms of energy consumption, with the actual data measured in 

situ. By assuming that the plant works in the period 1st 

November ÷15th April for 12 hours/day, both stationary and 

dynamic simulations overestimate the actual energy 

consumption, with the stationary consumption higher with 

respect to the dynamic consumption, with a difference of about 

32%, that is in agreement with the scientific literature. By 

assuming that the plant is turned on in the period 1st 

November÷15th April for only 121 days for 8 hrs/day, the 

dynamic simulations are in good agreement with the actual 

data, with a difference of about 17%. Such a difference is 
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deemed acceptable, by considering that the available 

experimental data is a global parameter, i.e. the energy 

consumption over the whole year, and that the effective 

operating conditions of the plant are not known in details. 

Then, the computational model has been used to predict the 

energy performance of the two schools under different weather 

conditions in three different climatic zones of Italy. As 

expected, the results for both schools show that the energy 

consumption decreases by performing the simulation in the 

center and, even more, in the south of Italy with respect to the 

same computation carried out in the northern part of Italy. 

Besides, the energy performance index is different for the two 

schools examined in this work, since the thermal inertia of the 

buildings envelope is different. Finally, a strategy is proposed 

to improve the energy performance of the two school 

buildings. A trigeneration plant, that allows the simultaneous 

production of heat, cool and power energy, is designed and 

shown in the paper. 
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