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Abstract 
The growth of urban population and consumption has 
boosted research about Urban Building Energy Modelling 
(UBEM). This paper proposes an analysis of the cooling 
energy demand of a real district with a new UBEM 
platform, EUReCA (Energy Urban Resistance 
Capacitance Approach). EUReCA consists of a Python-
based tool to predict cities’ energy demand based on 
simplified physical models. 

The article compares the hourly temperature and humidity 
profiles to those calculated with EnergyPlus, used as a 
benchmark. Moreover, hourly and seasonal cooling 
demand are verified and peak load difference is 
highlighted. Finally, the effect of several retrofit actions 
on building envelopes and HVAC plants is discussed and 
compared to the current scenario. 

Key Innovations 
 EUReCA, an innovative UBEM platform 

developed by the Authors, is presented. 
 The novel model exploits thermal networks to 

characterize buildings dynamic thermal 
behaviour efficiently. 

 Despite its simplicity, the model behaves 
properly with respect to detailed EnergyPlus 
simulations. 

 Model results are tested in different conditions, 
considering a heterogenous district from a 
georeferenced dataset.    

 Several retrofit actions are investigated, as well. 

Practical Implications 
EUReCA platform is an innovative UBEM tool that 
implements two resistance-capacitance models to predict 
the energy demand and consumptions of the buildings on 
large scale. It represents an efficient option to support 
energy conservation policies. 

Introduction 
Several international reports outline the recent 
exponential growth of the urban population causing an 
increase in urban energy use and greenhouse gas 
emissions (International Energy Agency, 2019). 
According to the latest projections, the urban population 
worldwide is going to increase by 2.5 billion people 
before 2050 (United Nations, 2018). Moreover, cooling 
energy consumption is becoming more and more relevant 
due to the increasing comfort requests and solar heat gains 

caused mostly by the microclimatic urban effect (Meng F. 
et al., 2020 and Salvati et al. 2017). For these reasons, 
researchers are developing Urban Building Energy 
Models (UBEMs) that are able to analyse the effect of 
energy conservation measures in buildings, which are 
currently responsible for 30% of the global final energy 
use (International Energy Agency, 2017). 

UBEMs rely on two different approaches: top-down and 
bottom-up models (Swan et al. 2009). The former use 
aggregated urban scale data to estimate the building’s 
energy demand; the latter start from the physical model of 
single buildings and extend them to a wider scale. 
Although the first require less information, physical 
models offer more flexibility and reliability, especially in 
evaluating energy saving policies (Hong et al. 2019). 
Nevertheless, bottom-up models require several input 
data concerning physical properties and system 
information. To fill this lack of knowledge, building 
archetypes depending on end-use and age-class are 
usually utilized (Swan et al. 2009). 

In order to solve the thermal balance of the buildings in 
the considered district, different methods can be adopted. 
In most cases, detailed Building Energy Simulation (BES) 
tools are preferred, resulting in simulation time and effort 
equivalent to single building models. For instance, UMI 
and CityBES, from the Massachusetts Institute of 
Technology and from the Lawrence Berkeley National 
Laboratory respectively, rely on EnergyPlus (Ferrando et 
al. 2020). An alternative solution is the deployment of 
simplified dynamic models based on the electric analogy, 
which lump many building parameters into a limited set 
of thermal resistances and capacitances. CitySim, from 
the EPFL of Lausanne, City Energy Analyst, from ETH 
of Zurich, and OpenIDEAS, developed by KU Leuven, 
are some UBEM platform implementing various 
simplified techniques (Ferrando et al. 2020). 

Moreover, UBEMs may consider the interaction between 
buildings in terms of mutual shadowing, radiant heat 
exchange, and microclimatic urban effects. The latter 
consist mainly of the Urban Heat Island (UHI) which is 
defined by an average increase of the urban temperature 
compared to that recorded in surrounding rural areas, 
which is especially evident during the summer season. 
Even though the UHI effects are more relevant in cities 
with a high density and average height of the buildings, 
different research works report a significant impact of this 
phenomenon due to the anthropogenic sources, such as 
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the heat wasted by cooling plants and the heat caused by 
traffic (Zinzi et al. 2018 and Zinzi et al. 2019). 

The present work presents a detailed analysis of the 
cooling energy demand of an area made up by nine 
educational building complexes located in Padua, 
northern Italy, utilizing a new UBEM platform 
(EUReCA) developed by the Authors. 

Methods 
This work aims at showing the capabilities and the 
advantages of simplified thermal networks in urban 
building energy modeling scenarios throughout the 
application of EUReCA, a novel UBEM software. In the 
following sections, the case study is described and the 
modeling technique is exposed. 

District overview 

Fifteen buildings belonging to the University of Padua are 
analysed as a case study district. The buildings are 
gathered into 9 complexes, listed in Table 1, that host 
different Departments of the University. The group is 
heterogeneous and include buildings of different age-
classes (from 1966 to 2012) and geometries. The oldest 
building belongs to the Department of Industrial 
Engineering (Bd_8). The Complex of Mechanical 
Engineering (Bd_3) and the Biology Department (Bd_2) 
are the biggest complexes of the district, resulting in a 
total volume of 57280 m3 and 91230 m3, respectively. The 
most recent buildings are Bd_6 and Bd_7, built after 
2008. The end-use also varies, but the entire district is 
basically composed of typical didactical buildings, with 
different percentages of didactical university classrooms 
and offices. The considered buildings do not include 
canteens nor dormitories. 

Table 1: Buildings’ general data. 

Building Age Area External wall 
U-value 

[-] [m²] [W/(m² K)] 
Bd_1 1993 2804 0.69 
Bd_2 1980 30048 0.58 
Bd_3 1970 11571 1.18 
Bd_4 1992 5910 0.53 
Bd_5 1995 5656 0.52 
Bd_6 2012 8015 0.38 
Bd_7 2008 12960 0.45 
Bd_8 1966 11187 1.22 
Bd_9 1970 3960 1.15 

The thermal insulation of building structures is strictly 
related to their age-class and the corresponding U-values 
follow the Italian regulations released from 1976 to 
nowadays. Table 1 shows that U-values range between 
0.38 W/(m² K) and 1.22 W/(m² K). 

In the authors’ opinion, despite the small number of 
buildings considered, the case study suites the purpose of 
the research. Indeed, the heterogeneity and complexity of 
the buildings under investigation allow to show the 
potential of EUReCA. 

Geometrical model 

For the purpose of the research, each building of the 
district is modeled in two different ways, i.e. considering 
both a detailed and a simplified approach. The detailed 
simulation is carried out in EnergyPlus, a well-known 
BES software, which calculations are based on a detailed  
3D representation. Moreover, thermal zoning is applied to 
each building, resulting in a total number that depends on 
the model’s dimension and complexity, from 10 thermal 
zones for Bd_1 up to a hundred for Bd_8. Real zones end-
uses are associated considering the occupancy and 
appliances profiles. Results of detailed simulations are 
considered as benchmark in the evaluation of the 
simplified analysis. However, it is worth reminding that 
such a modeling technique is affordable only due to the 
strong knowledge of the analyzed buildings and to the 
small sample considered. 

On the contrary, geometry modeling in EUReCA has been 
built to match UBEM requirements, i.e. importing objects 
from georeferenced city models such shapefiles, 
CityGML, or the recent CityJSON. In this specific work, 
the district has been modeled with a 2D shapefile (Figure 
1) with the following attributes:  

 Building name, 
 Building height, 
 Number of floors, 
 Volume corrective coefficient rh_net, 
 External wall area corrective coefficient rh_gross, 
 End-use, 
 Age-class, 
 Heating plant, 
 Cooling plant, 
resulting in an extruded LoD1 representation of each 
building. 

 
Figure 1: Case study district. 

Each footprint has been extruded based on the 
corresponding height and number of floors. Therefore, 
EUReCA constructs a simplified building geometry. The 
volume corrective coefficient, rh_net, and the external 
wall corrective coefficient, rh_gross, represent two 
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factors that allow the modification of the building volume 
or external walls area. For instance, a rh_net value of 0.8 
results in a 20% reduction of the building volume. 
Therefore, each building volume and external wall area 
are corrected to those of the corresponding EnergyPlus 
model, resulting in a similar geometry between the 
extruded and detailed representation. End-use and age-
class define the connection to the datasheets with the 
operational schedules and material data. Heating and 
cooling plant values set the model to be used for the 
calculations of final buildings’ consumptions. 

Thermal zone solution 

Once the geometry is characterized, EUReCA builds up 
the thermal network of each building. The simplified 
thermal network consists of dynamic simplified models 
where the thermal zone balance is solved through 
equivalent electrical networks, with resistance and 
capacitances representing respectively heat fluxes and 
structures’ thermal inertia. Two different thermal 
networks are implemented and tested in this work. The 
first one lumps all building surfaces in a single 
capacitance, and it is based on the simple hourly method 
described in ISO 13790 Standard (2008), and the second 
splits external non-adiabatic surfaces and internal 
adiabatic surfaces in two distinct capacitances, referring 
to the model of VDI 6007 German Standard (2012). Both 
methods are graphically explained in Figure 2, where R 
(or its reciprocal H in Eq. (3)) parameters represent the 
transmission, convective, ventilation, or radiative 
resistance (transmittance) coefficient and C parameters 
represent the thermal capacitances.  

 

 
 

Figure 2: Thermal network schemes: 1C (a) and 2C (b). 

These parameters are calculated by means of the 
analytical procedures contained in the mentioned 
Standards and depend on surface areas and structure 
materials. For the sake of brevity, the entire set of 
equations is omitted. However, further details can be 
found in Zarrella et al. (2020). The thermal properties of 
each building structure are listed in an external datasheet 
and are set equal to those supplied to EnergyPlus models. 
As far as all parameters are calculated, the 1C thermal 
network (ISO 13790 Standard (2008)) can be solved by 
means of the following system: 

𝐻௩௘(𝜃௦௨௣ − 𝜃௜) + 𝐻௧௥,௜௦(𝜃௦ − 𝜃௜) + 𝛷௜ + 𝑓௖௢௡௩𝛷௛௖ = 0 
  (1) 

𝐻௧௥,௪(𝜃௘ − 𝜃௦) + 𝐻௧௥,௜௦(𝜃௜ − 𝜃௦) + 𝐻௧௥,௠௦(𝜃௠ − 𝜃௦) +

𝛷௦ + (1 − 𝑓௖௢௡௩)𝛷௛௖ = 0  (2) 

𝐻௧௥,௘௠(𝜃௘ − 𝜃௠) + 𝐻௧௥,௠௦(𝜃௦ − 𝜃௠) + 𝛷௠ +
஼೘

௱ఛ
(𝜃௠

ఛି௱ఛ − 𝜃௠) = 0   (3) 

where H is the thermal heat transfer coefficient, θ is the 
node temperature, Φ is the heat flux and fconv is the 
parameter that sets the radiative and convective 
contributions of plant terminals. The system defines the 
building sensible demand or the resulting temperatures on 
the nodes of the equivalent thermal network. The solution 
for the two-capacitances system is similar, and it is 
performed writing the energy balance to each node of the 
2C network VDI 6007 German Standard (2012). The 2C 
model splits structures thermal inertia between adiabatic 
and non-adiabatic surfaces. 

As Equations 1, 2 and 3 show, the simplified thermal 
network model consists on a simple 3 equations (5 in case 
of the 2C model) linear system, simpler with respect to 
detailed thermal zone balance. The latter is utilized in 
many BES tools (i.e. EnergyPlus, TRNSYS, ESP-r) and 
exploit the thermal balance of each surface and air node 
within the zone, resulting in a higher computational 
complexity and simulation time. On the contrary, a 
simpler method, e.g. EUReCA, can be convenient and 
suitable for simulations with few available data, as in 
UBEM. 

Italy is characterized by a temperate and humid climate 
(Fratianni and Acquaotta, 2017), where summer 
dehumidification can strongly affect buildings 
consumptions, especially in zones of Po Valley. For this 
reason, the vapor balance is solved as well, taking into 
account the latent cooling demand Φlat: 

𝛷௟௔௧ = (𝑟௢ + 𝑐௩𝜃௜) ൬𝐺௩ +  ∑ 𝐺௔,௝  ൫𝑊௝  − 𝑊௜൯௝ −

ఘೌ௏೔

௱ఛ
(𝑊௜

ఛ − 𝑊௜
ఛି௱ఛ)൰  (4) 

where r0 is the latent heat of vapor at 0 °C, cv is the 
specific heat of vapor, Gv is the vapor flow rate of the 
internal gains, Ga,j is the air flow rate of all the fluxes 
entering the zone at the Wj humidity ratio conditions, θi 
and Wi are the thermal zone air temperature and humidity 
ratio, for the current time step τ and the previous τ-Δτ. 

Ventilation losses are calculated considering the external 
and supply conditions (temperature and specific 
humidity) by means of a detailed model of an Air 

(b) 

(a) 
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Handling Unit. Therefore, the cooling demand due to 
ventilation depends on the air mass flow rate multiplied 
by the enthalpy differences between supply and external 
conditions. 

Plant modeling 

In order to evaluate the final energy consumptions of the 
buildings considered, an additional module to simulate 
the energy performances of the plants is implemented in 
the platform. The model consists of three parts. Firstly, 
the plant typology and its main attributes are defined 
during the initialization of each building. Then, according 
to the previously calculated peak load, the plant size and 
the load curves are set. Finally, the plant performance 
parameters are calculated during the dynamic simulation. 
Furthermore, EUReCA gives the opportunity to associate 
more buildings with a specific centralized plant. In fact, 
for this case study, six of the nine complexes are 
connected to a district cooling network with centralized 
chillers coupled to cooling towers. 

According to the UNI-TS:11300-3 National Standard 
(2010), several plant typologies have been modeled, 
including both heating and cooling systems. In particular, 
two cooling plant types are considered for this case study: 
Air-to-Water Chillers and Water-to-Water Chillers. 
Similarly to the well-known software EnergyPlus, it is 
possible to choose an IdealLoad system, which simply 
sums the sensible and latent thermal loads. The latter is 
suitable when there is no available technical sheet of the 
plant, or when only the ideal energy needs of the building 
are required. In EnergyPlus the IdealLoad plant is an ideal 
all-air convective system. 

Both Air-to-Water and Water-to-Water Chillers require as 
input only the EER (Energy Efficiency Ratio) at different 
part-load factors. These values are used to build-up an 
EER curve as function of the part load factor. To calculate 
the hourly electrical power required by the cooling plant 
P, EUReCA performs a linear interpolation to estimate 
the hourly value of the factor ηmf of the EER. The factor 
ηmf depends on different variables: on the external air 
temperature and the supply water temperature in case of 
Air-to-Water Chiller; conversely, it depends on the water 
temperature entering the condenser θw,c,in and the supply 
water temperature in case of Water-to-Water Chiller. 

The following equation allows calculating the electric 
power P required by the cooling plant: 

𝑃 =
𝛷௖௢௢௟

𝐸𝐸𝑅 ∙ 𝜂௠௙

 (5) 

where Φcool is the cooling load required by the building. 
Moreover, in the case of a Water-to-Water Chiller, the 
water temperature entering the condenser θw,c,in depends 
on the system type connected to it. For this case study, the 
centralized chiller is coupled to Cooling Towers or 
Borehole Heat Exchangers (BHEs) depending on the 
retrofit solution. For the first, the inlet water temperature 
is calculated for each timestep considering the average 
efficiency of the Cooling Tower and the external wet bulb 
temperature. In case of ground coupled heat pump, a 
preliminary design of the required number of boreholes 

has been carried out (ASHRAE 90, 2019), thus allowing 
the calculation of an average monthly inlet fluid 
temperature (UNI 11466 Appendix D, 2012). Figure 3 
displays an example of the chiller inlet water temperature 
for these two cases. 

 
Figure 3: Example of average chiller inlet fluid 

temperature for different sources. 

Lists of simulations 

All the simulations have been carried out considering the 
weather conditions of Legnaro, a little town close to 
Padua. These data have been measured during 2019 and 
made available by the Regional Environmental Protection 
Agency of Veneto (ARPAV). Regarding the heat gains 
and the plant schedules, they have been set in accordance 
with ISO 18523 (2016) and EN 16798-1 (2019) 
Standards, respectively. In particular, three sets of 
operational schedules have been chosen from ISO 18523 
Standard: the Office Room, the Office Corridor and the 
Lecture Room of University. 

The starting simulation (Sim0) has been performed to 
compare EUReCA outcomes to those obtained by 
EnergyPlus detailed single building simulations, 
considered here as a benchmark. 

The other simulations listed below take into account 
energy conservation measure both on building envelopes 
and on technical plants: 

 Sim1: This retrofit consists of replacing the external 
windows. A U-value of 1.4 W/(m2 K) and an SHGCn 
of 0.35 have been considered as indicated by the 
Italian Law DM 26/06/2015 (2015). An investment 
cost including old windows removal, material and 
installation is considered to be approximately 350 
€/m2. 

 Sim2: In the second simulation, the solar absorption 
coefficient has been reduced from 0.7 assumed in 
Sim0 to 0.4. The new value has been chosen 
considering the indication of Yao et al. (2011). A 
global investment cost for painting is considered of 
about 35 € per square meter of external walls and 
roofs. 

 Sim3: This plant’s retrofit action considers a more 
efficient Air Handling Unit equipped with a free 
cooling functionality and with an increase in the 
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efficiency of the sensible heat recovery (from 60% to 
85%), as well as with latent heat recovery (efficiency 
equal to 70%). The previous heat recovery was 
supposed to be a sensible heat recovery. By consulting 
recent technical catalogs, the investment cost was set 
to 2800 € per heat recovery unit. 

 Sim4: This simulation considered a centralized 
cooling plant composed of a ground source heat pump 
coupled with Borehole Heat Exchangers (BHEs). In 
this case, an investment cost including materials and 
installation has beens estimated to be approximately 
40 € per meter of the borehole length. 

 Sim5: The last simulation considers the combination 
of some of the previous retrofit actions (i.e., Sim1, 
Sim3 and Sim4). In this case, the number of borehole 
heat exchangers estimated for Sim4 is too high to be 
installed in the investigated case study. The space 
actually available allows placing 310 BHEs in the 
15000 m2 ground area near the buildings. The 
investment cost is the sum of the previous ones. 

Results 
The first subsection addresses the EUReCA’s reliability 
by comparing its results to those obtained with detailed 
EnergyPlus models. The second subsection shows the 
effect of the proposed retrofit solutions. 

Software reliability  

Table 2 summarizes the cooling energy demand 
calculated with both 1C and 2C models and EnergyPlus 
(EP). The cooling demand is slightly overestimated by 
both resistance-capacitance models. The higher 
difference appears for Bd_2, with 1543 MWh (13%) for 
the 1C model and 1609 MWh (17%) for the 2C model, 
over the 1371 MWh resulting from the EnergyPlus 
simulation. Lower differences occur for recent buildings 
such as Bd_5, Bd_6, where simplified models overtake 
the reference EnergyPlus outcome of around 20-30 MWh 
(6-11%). In general, the 1C model is able to better predict 
the seasonal cooling demand with respect to the 2C 
network, which instead results in a higher value. 

Table 2: Total cooling demand for the 3 models. 

Building Total cooling demand 
EP 1C 2C 

[MWh] [MWh] [MWh] 
Bd_1 143 154 157 
Bd_2 1371 1543 1609 
Bd_3 560 741 771 
Bd_4 293 319 337 
Bd_5 292 311 324 
Bd_6 346 366 374 
Bd_7 494 554 574 
Bd_8 568 696 713 
Bd_9 225 262 276 

Table 3 shows the seasonal peak load and their difference 
with respect to the EnergyPlus benchmark (percentage in 
brackets). As a matter of fact, the utilization of a 
simplified thermal network can affect the dynamic 
behaviour of the thermal zone, resulting in errors in the 

zone temperature and hourly load. Large differences in 
the peak cooling load occur for Bd_2, (+32% and +37%), 
and Bd_7 (+33% and +19%) for 1C and 2C models, 
respectively. In recent buildings, the error is lower and 
varies between -3% and -1% in Bd_3 and Bd_8. 
Nonetheless, a good trend can be detected looking at the 
2C network’s results, which reduces largely the errors for 
Bd_5, Bd_6 and Bd_7 with respect to a single capacitance 
network. This improvement in the calculation of the 
cooling peak load is consistent with the results obtained 
in Vivian et al. (2017). 

Table 3: Peak cooling demand for the 3 models. 

Building Cooling Peak 

EP 1C 2C 

[kW] [kW] [kW] 

Bd_1 323 362 (12%) 369 (14%) 

Bd_2 3336 4410 (32%) 4584 (37%) 

Bd_3 1719 1680 (-2%) 1693 (-2%) 

Bd_4 771 787 (2%) 728 (-6%) 

Bd_5 647 786 (21%) 649 (0%) 

Bd_6 743 967 (30%) 766 (3%) 

Bd_7 1158 1538 (33%) 1378 (19%) 

Bd_8 1619 1608 (-1%) 1567 (-3%) 

Moreover, the higher reliability of the dynamic behaviour 
of the 2C model is even more clear when looking at the 
hourly indoor air temperature, humidity and cooling 
demand profiles, shown in Figure 4. Considering the 
thermal load, it can be seen that the higher peak occurs on 
August the 22nd, after the summer holidays closing period, 
and that the highest differences between EnergyPlus and 
simplified models arise immediately after weekends or 
holidays. This difference is constantly higher during 
Mondays and progressively decreases during the week. 
As displayed by the orange line, the 2C model is more 
stable in the first hour of the week (24th and 31st July), 
while, on the contrary, the profile obtained with the 
single-capacitance model deviates significantly from that 
of EP. The second and third graph in Figure 4.b-c clearly 
show that such inaccuracy in the hourly cooling loads are 
due to significant deviations in the indoor air temperature 
and relative humidity occurring during periods of free-
floating temperature. 

Thermal networks results are in agreement with EP values 
in term of air temperature, with little difference 
(maximum 1 °C) with respect to the benchmark between 
weekdays. As previously mentioned, the different 
behaviour of simplified models is visible when the plant 
is switched off for long periods, i.e. weekend and 
holidays. 1C network results in a highly variable 
temperature that reaches more than 35 °C on Sunday (23rd 
July and 6th August), and deviates during mid-August, 
overtaking the EnergyPlus temperature of about 6 °C on 
an average. The temperature profile resulting from the 2C 
model is, instead, closer to the benchmark, especially 
during the closing period, thus resulting in a final 
difference of 2-3 °C on the 21st of August. The relative 
humidity trend is opposite to the temperature one because 
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for a given specific humidity, relative humidity is 
inversely proportional to the temperature.  

In conclusion, the analysis on the energy consumptions, 
thermal load profile, internal temperature and humidity 
highlight that a simplified simulation technique is suitable 
in UBEM scenarios and provides reasonable results. As 
matter of fact, such method reduces the computational 
resources and time with respect to a detailed simulation, 
even though the dynamic thermal response of the model 
is slightly worse. In particular, long off periods of system 
can affect the peak load calculation when the system is 
switched on, but this aspect can be partially mitigated 
using the 2C thermal network. Despite these 
characteristics, this simplified approach can be 
particularly useful in scenarios where low time-
consuming models are required. 

Retrofit analysis 

In this subsection, different retrofit analyses are compared 
to the current situation (Sim0). The comparison has been 
carried out coupling EUReCA’s latent, sensible and 
ventilation demand predictions to different plant models 
in an hourly dynamic calculation and applying envelope 
and plant retrofits to the district (Methods section). 

Table 4 and Table 5 summarize the electrical 
consumption of each building of the district. As buildings 
from Bd_1 to Bd_6 are supplied from the same 
centralized plant their results are gathered together (DC 
acronym). The cooling electrical consumptions range 
between 10-24 kWh/(m² y), coherent with typical services 
buildings cooling consumptions, depending on the 
building considered. The DC consumptions are the lowest 
for several reasons. The percentage of classrooms in Bd_3 
is low, and its ventilation losses and internal gains are 
quite lower than other buildings, reducing its 
consumption. In addition, Bd_4, Bd_5 and Bd_6 are 
recent, with good glazed components. Finally, the DC 

plant is modelled as a Water-To-Water Chiller coupled 
with cooling towers, which results in higher generation 
efficiencies with respect to the Air-To-Water Chillers of 
the other buildings. On the contrary, Bd_8 and Bd_9 
consumptions are affected by the higher internal heat 
gains and lower plant efficiencies. Considering the retrofit 
actions, Figure 5 displays the relative energy savings with 
respect to Sim0. An improvement in the absorption 
coefficient of external walls and roofs (Sim2) does not 
significantly affect the cooling consumptions; the relative 
difference is less than 5%. Replacing windows (Sim1) 
appears to be a valuable choice, resulting in a reduction of 
9-100 MWh (Bd_9 and DC respectively). This holds true 
especially for Bd_8 where the cooling electrical 
consumption reduces by 19%. However, the Air Handling 
Unit retrofit (Sim3) is the best single action that can be 
applied at district level.  

Table 4: Specific cooling electrical consumptions for 
several scenarios. 

Simulation DC Bd_7 Bd_8 Bd_9 

[kWh/ 
(m² y)] 

[kWh/ 
(m² y)] 

[kWh/ 
(m² y)] 

[kWh/ 
(m² y)] 

Sim0 10.7 15.1 22.4 23.8 

Sim1 9.1 13.4 18.1 21.5 

Sim2 10.4 14.8 21.5 22.6 

Sim3 9.1 12.4 18.6 19.2 

Sim4 8.6 15.1 22.4 23.8 

Sim5 7.2 10.8 14.5 17.1 

The considerable air change rates needed by offices and 
didactical buildings allow a great saving potential in AHU 
components substitution. Converting crossflow sensible 
heat recovery units to rotary sensible and latent ones can 
reduce by 15-20% the energy consumption of the entire 
area. Installing borehole heat exchangers to supply the DC 
network could reduce the consumption by 134 MWh 
(20%). Nonetheless, this is not completely applicable due 

Figure 4: (a) cooling demand, (b) air temperature, (c) relative humidity profile for Building N2. 
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to the restricted available area, which allows the 
installation of 310 boreholes spaced each other 7 m, with 
respect to a total of 870 required. Sim5 consists of Sim1, 
Sim3 and Sim4 combination, considering the real 
applicable boreholes number for the DC system. In this 
case, the entire district reduces its consumption by 30-
35%. 

Table 5: Total cooling electrical consumptions for 
several scenarios. 

Simulation DC Bd_7 Bd_8 Bd_9 

[MWh] [MWh] [MWh] [MWh] 

Sim0 683 196 250 95 

Sim1 583 175 203 86 

Sim2 663 192 240 91 

Sim3 584 161 208 77 

Sim4 549 196 250 95 

Sim5 461 140 162 68 

 
Figure 5: Electrical consumptions relative reductions 

with respect to the base case (Sim0). 

Table 6: Investment costs and summer economic saving 
for each scenario. 

Parameter Sim1 Sim2 Sim3 Sim4 Sim5 

[k€] [k€] [k€] [k€] [k€] 

Investment 
cost 

3996 2412 312 3480 5549 

Cooling 
economic 

saving 

36 8 40 27 79 

Table 6 shows the total investment cost and the economic 
saving obtained during the cooling season with the 
application of each retrofit action. The economic saving 
is evaluated considering only the electrical consumptions 
reduction, without taking into account any other 
economical factor. An electrical energy cost of about 0.20 
€/kWh is assumed. Sim5 (i.e., the combination of Sim1, 
Sim3 and Sim4) is the most expensive efficiency measure. 
Among single measures, Sim1 is the most expensive due 
to the significant cost of the new windows. On the 
contrary, the improvement in heat recovery efficiency is 

the less expensive action, and at the same time it results 
in a good economic saving due to the high ventilation flow 
rates in offices and didactical buildings. 

Conclusion 
This work presents an application of EUReCA, a UBEM 
platform based on lumped capacitance models developed 
in Python. The article analyses the energy consumption 
for space cooling of a real district located in Padua 
(northern Italy). In addition, the article presents a 
comparison between EUReCA’s results and those 
obtained with the well-known software EnergyPlus. 
Several simulation scenarios are investigated to stress the 
impact of the energy conservation measure of both the 
building envelope and the systems. 

The analysis shows the good performance of EUReCA in 
predicting both seasonal and monthly cooling energy 
demand, as well as seasonal peak loads. In particular, the 
resistance-capacitance 2C model shows better accuracy in 
the evaluation of the power peak load and in the dynamic 
behaviour of buildings. The resistance-capacitance 1C 
model is instead slightly more accurate in the evaluation 
of the seasonal energy demand.  

The retrofit analysis shows that not all the actions ensure 
high energy and economic savings. The most suitable 
retrofit action to reduce the cooling energy demand is to 
improve the heat recovery efficiency of the air handling 
units due to the high ventilation flow rate requirements. 
The ground coupled heat pump can significantly decrease 
the cooling energy demand, although the boreholes’ 
installation involves a high initial cost and technical 
issues related to the available space. 

In general, the approach of EUReCA brings simplicity 
and efficiency to UBEM simulations, and can be 
exploited in any scenario requiring up to hundreds or 
thousands runs, which are instead difficult with other 
models, as the detailed thermal balance. Moreover, even 
though these networks are physical white box models, 
they can be easily coupled with data-driven methods to 
carry out urban sensitivity analysis, calibration or 
optimization. 
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Nomenclature 
c Specific heat (J/(kg K)) 

Cm Heat Capacity (J/K) 

EER Energy Efficiency Ratio (W/W) 

fconv Plant convective fraction (-) 

G Vapour mass flow rate (kg/s) 

H Heat transfer coefficient (W/K) 

P Electrical Power (W) 

r0 Vapour latent heat (J/kg) 

SHGC Solar heat gain coefficient (-) 

W Specific humidity (kgv/kgda) 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
1831

 
 

https://doi.org/10.26868/25222708.2021.30634



 

 

Greek symbol 

η efficiency (-) 

θ Temperature (°C) 

ρa Air density (kg/m³) 

τ Surface transmittance coefficient (-), step of 
simulation (-) 

Δτ Simulation timestep (s) 

ϕ Heat flow rate (W) 

Subscripts 

e External 

el  Electrical 

hc Thermal load on air node 

i Zone air node 

lat Latent 

m   Mass node 

nom Nominal 

s Surface node 

sup Supply point 

tr  Transmission 

v Vapour 

ve Ventilation 

w Windows 
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