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Abstract  

This paper presents the implementation of a low-order 

model used to evaluate the thermal behavior of a high 

number of buildings (district level) via simulation. This 

model is based on a second degree configuration (R6C2 – 

six resistors and 2 capacitors) and is implemented in 

Modelica.  

The model is validated with several cases from the 

BESTEST building envelope test. In parallel, a direct 

comparison with a detailed multizone building model 

using the Buildings Library from Wetter, et al. (2014) was 

performed. 

The results show that the low-order model allows to 

assess the building thermal demand and the indoor 

temperature with good accuracy.  

Introduction  

Context and state of the art 

The design of energy systems and the evaluation of 

energy conservation measures are generally performed at 

the building scale. On another hand, the energy 

infrastructure performance (production and distribution) 

is assessed at the district level. With the energy transition 

and the predicted increase of decentralized energy 

production, buildings must be designed, assessed and 

operated using an integrated approach. Performing 

calculation and analyzing results on a high number of 

buildings, at a district or at a city level is therefore 

required.  

The following trends are observed in the field: (i) 

buildings thermal demand decrease due to the 

implementation of energy conservation measures (ii) old 

high temperature energy systems are converted into low 

temperature systems and (iii) new technologies, 

renewable energy and waste heat recovery are integrated 

to the infrastructure. Thus, buildings thermal demand 

shall be assessed at the project scale when designing, 

upgrading and operating energy infrastructure.  

However, the thermal demand evaluation via modeling 

and simulation is usually done with detailed single-

building approaches. These models are appropriate when 

dealing with a limited number of buildings. This approach 

cannot be used to assess districts or cities because of 

insufficient data availability, and due to the high 

computational costs according to Gavan and Mouky  

(2017). Model order reduction can be used to speed-up the 

modeling process while still obtaining reliable results. 

Low-order thermal building models rely on an analogy 

between electrical and thermal physical domains, that can 

be described by the same mathematical equations. The 

low-order models are made of resistors and capacitors, 

which number and configuration vary depending on the 

required precision and simulation speed – calculations are 

slower for a higher number of components – (Date, et al. 

2016), Leclere, et al. 2013, and Hazyuk, et al. 2012). 

These analogies provide sufficiently detailed models to 

assess the dynamic behavior of buildings with an 

acceptable accuracy at the district level.  

Objectives 

This article aims at validating on one building a low-order 

model based on a R6C2 – six resistors and 2 capacitors – 

configuration used to assess its thermal and energy 

behavior. This will demonstrate the model suitability for 

larger scale simulation. 

Model description 

A building is usually composed of several spaces or 

zones, with different characteristics (usages, geometry, 

areas, volumes, etc.) and as a consequence, with different 

thermal behavior. Hence, to better represent a multi-room 

building, thermal zones are defined as groups of rooms 

with approximately the same thermal behavior. It is worth 

noting that an increase in the thermal zones number has a 

great impact on the set up and simulation time. Therefore, 

there are two ways of representing a multi-room building: 

monozone and multizone modeling, further developed in 

this paper.  

Low-order model 

The low-order monozone model presented in this paper is 

based on 6 resistors and 2 capacitors, further called R6C2 

(Figure 1). This configuration was chosen because of its 

good balance between calculation speed and accuracy of 

the results in terms of power and temperature fitting 

according to Berthou, et al. (2014). 

Building elements such as walls (Rs) and insulation (Rm) 

conduction, windows infiltration (Rf), ventilation 

phenomena (Rv), and convective indoor (Ri) and outdoor 

(Re) heat transfer are represented as resistors. Indoor air 

(Ci) and envelope (Cm) thermal mass are modeled as 

capacitors. Two specific nodes are added in order to 
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include the solar radiation transmitted to the building 

(Q
ext,rad

, and Q
int,sol

). 

 

Figure 1: R6C2 building model in Modelica/Dymola  

Two other nodes are integrated to take into consideration 

the convective gains Q
int,conv

 and the internal radiative 

gains Q
int,rad

 defined in equations (15) and (16). 

The model is described with the following equations: 

Ci

dTi(t)

dt
=

Ts(t)-Ti(t)

Ri
+

Te(t)-Ti(t)

Rf
+

Te(t)-Ti(t)

Rv(t)
+Q

int,conv
(t)  (1) 

Ti(t)-Ts(t)

Ri
+

Tm(t)-Ts(t)

R𝑠
+Q

int,rad
(t) = 0  (2) 

Cm

dTm(t)

dt
=

Ts(t)-Tm(t)

Rs
+

Th(t)-Tm(t)

Rm
  (3) 

Te(t)-Th(t)

Re
+

Tm(t)-Th(t)

Rm
+Q

ext,rad
(t) = 0  (4) 

Where Ci and Cm are in J/K, Rs, Rm, Rf, Rv, Ri and Re are in 

K/W, Q
int,conv

, Q
int,rad

 and Q
ext,rad

 are in W, and Ti, Ts, Tm, 

Th, and Te are respectively the temperatures in K from the 

outdoor part to the indoor part of the walls.  

The resistors and capacitors values are defined as follows: 

Ri = Rs = 
1

hint.Sint

 
(5) 

Rm = 
1

Uroof. Sroof+Ufloor.Sfloor+Uwall.Swall

-Ri-Rs 
(6) 

Re=
1

hext.Sext

 
(7) 

max (Rv) = 
1

ρ
air

. Cp,air.Nbpeople_tot.mpeople

 
(8) 

Rf = 
Rinf. Rwin

Rinf+Rwin 

 with Rwin=
1

Uwin.Swin

  

and Rinf = 
1

(ρ
air

. Cp,air.minf.Sext)
  

(9) 

Ci = ρ
air

.Cp,air.Vint (10) 

Cm = ∑ ρ
mat

.Cp,mat.Vmat 
(11) 

Where the subscripts int, ext, roof, floor, wall, win, inf, air 

and mat stand for interior, exterior, roof, floor, walls, 

windows, infiltration, air and material. 

S is the area in m²; V is the volume in m3; h is the 

convective coefficient in W/m².K; U is the conductivity 

in W/m².K; ρ is the density in kg/m3; Cp is the thermal 

capacity in J/kg.K; Nbpeople_tot is the maximum number of 

people in the building; mpeople is the ventilation flow per 

occupant in m3/s.pers and minf is the infiltration flux in 

m3/s.m². 

Thermal zone model from Buildings Library 

The mixed thermal zone model from the Modelica 

Buildings library presented by Wetter (2011) can be used 

for single or multizone buildings modeling. 

 

Figure 2: Thermal zone model from Buildings Library 

The mixed thermal zone component is an air volume 

delimited by construction elements. Parameters such as 

geometry, walls and windows composition must be 

defined in details. 

The model allows to simulate different physical processes 

including heat transfer (convection, conduction, infrared 

and solar radiation) through opaque surfaces and glazing 

systems. The heat exchanges between the building and the 

outdoor, and between two thermal zones are represented.  

Ventilation and infiltration phenomena can be separately 

modeled and are easily connected to the thermal zone 

component.  

A good knowledge of the building is required to set up 

this type of model, including all its internal characteristics 

and the full boundary conditions.  

Boundary conditions  

The weather is taken into account via data files, injected 

to the models through the weather TMY reader 

component from the Buildings library. It computes, 

amongst others, the solar irradiation on the different 

orientation-facing walls (Q
ext,rad

 and Q
int,sol

) and the 

exterior temperature. 

The internal heat gains are based on hourly schedules 

defined for the building occupancy, the artificial lighting 

and the specific electricity. Figure 3 shows the respective 

rates over a week, varying between 0 (building 

unoccupied, lights and equipment off) and 1 (building 

occupied, lights and equipment switched on). 

 

Figure 3: Schedules over a week 
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• Heat gains due to occupancy (Q
occ

,W/m²) are 

calculated as follows: 

Q
occ

(t)=Loadpeople*Nbpeople*Soccupancy(t) (12) 

Where Loadpeople = 70W is the heat produced per 

person, Nbpeople is the number of people per square 

meter and Soccupancy is the occupancy rate (Figure 3). 

• Heat gains due to lighting (Q
lighting

,W/m²) are the 

result of: 

Q
light

(t)=Powerlight*Slighting(t) (13) 

Where Powerlight is the power intensity ratio (W/m²) 

depending on the building use and Slighting is the 

lighting rate (Figure 3). 

• Heat gains due to specific electricity (Q
spe

,W/m²) are 

defined as: 

Q
spe

(t)=Powerspe*Sspe(t) (14) 

Where Powerspe is the power intensity ratio (W/m²) 

depending on the building use and Sspe is the specific 

electricity consumption rate (Figure 3). 

The internal gains are split into convective and radiative 

flows: 

Q
int,conv

(t)= (1-a)*Q
occ

(t)*Sℎ + 𝑃(t) (15) 

Q
int,rad

(t) =(a*Q
occ

(t)+Q
light

(t)+Q
spe

(t))*Sℎ (16) 

Where a is the radiative part of the internal gains in %, Sℎ 

is the heated surface in m² and P is the heating and cooling 

power injected into the building in W. 

The heat and cold production are represented as ideal 

sources with 100% efficiency and infinite power. PID – 

Proportional Integral Derivative – controllers are used to 

maintain the indoor temperature close to the set points.  

Monozone validation 

The low-order model validation process starts with a 

simple single-zone building.  

Methodology 

The light-weight and heavy-weight cases 600 and 900 of 

the BESTEST building envelope test are run on both the 

low-order and the detailed thermal zone model from the 

Buildings library. The results regarding heating and 

cooling loads and annual energy are then compared. 

In addition, the annual energy demand for heating and 

cooling is confronted to the range obtained with 67 

models developed on various building modeling software, 

including the validated model from EnergyPlus 

(ANSI/ASHRAE Standard (2014)). 

BESTEST simulation cases 

The validation method gives a complete set of parameters 

describing a simple building: 

- 1 thermal zone defined as a parallelepiped of 8 x 6 m 

and 2,7 m height; 

- 2 large windows of 3 x 2 m located in different 

orientation facing walls depending on the case, 

shown in Figure 4; 

- Building envelope elements composition with U 

values and material characteristics shown in Table 1, 

from which are calculated the resistors and capacitors 

values; 

- Double glazing windows with identical 

characteristics for both light-weight and heavy-

weight cases: U-value = 3 W/m².K and solar 

transmittance = 0,86. 

 

Figure 4: BESTEST building configurations 

Table 1: Building envelope composition 

Element Light-weight Heavy-weight 

Walls 

Plasterboard 1,2 cm Concrete 10 cm 

Fiberglass 6,6 cm Foam insul. 6,2 cm 

Wood siding 0,9 cm Wood siding 0,9 cm 

U-value 0,559 W/m².K 0,556 W/m².K 

Floor 
Wood parquet 2,5 cm Concrete slab 8 cm 

Insulation 1 m Insulation 1 m 

U-value 0,04 W/m².K 0,04 W/m².K 

Roof 

Plasterboard 1 cm 

Fiberglass 11,2 cm 

Deck 1,9 cm 

U-value 0,334 W/m².K 

The weather file is specified and provided through 

Dymola/Modelica. 

The internal heat gains are considered constant over the 

simulation period: Q
int,conv

= 80 W and Q
int,rad

= 120 W. 

The infiltration rate is set to minf = 8,86.10-4m3/s.m². 

The room temperature set points are defined in two 

different scenarios: 

- Scenario 1: the temperature setpoints are set constant 

to 20°C for heating and 27°C for cooling. 

- Scenario 2: during heating period (from 700 -end of 

March- to 2300 hours -mid October-), heating is ON 

if indoor temperature is < 20°C, otherwise, heating is 

ON if indoor temperature is < 10°C. Cooling is ON if 

indoor temperature > 27°C. 

The different test cases performed for the comparison are 

described in Table 2. 

Table 2: Test cases description 

Case Geometry Temperature set point 

600 Configuration 1. Scenario 1 

620 Configuration 2. Scenario 1 

640 Configuration 1. Scenario 2 

900 Configuration 1. Scenario 1 

920 Configuration 2. Scenario 1 

940 Configuration 1. Scenario 2 

Configuration 1. 

Configuration 2. 
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Results 

For all cases, the R6C2 model and the detailed thermal 

zone from the Buildings library are compared. Two 

criteria are computed on the heating and cooling power 

outputs to measure the model accuracy: 

- The power fitting (17) measuring the similarity 

between the outputs; 

- The relative error on the annual energy (18) 

measuring the model ability to predict the energy 

consumed in the building.  

Powerfitting = 1-
|ŷ-y|

|y-y̅|
  

(17) 

 Energy
error

= 
∫ ydt - ∫ ŷdt

∫ ydt
 

(18) 

Where y is the vector of reference values calculated with 

the detailed model, ŷ is the vector of values calculated 

with the low-order model, and y̅ is the mean reference 

value from the detailed model. 

Results for the case 600 simulated over a year, are shown 

in Erreur ! Source du renvoi introuvable. and Erreur ! 

Source du renvoi introuvable. as an example. For the 

other test cases, the results are similar. 

 

Figure 5: Case 600 – Dymola outputs for heating 

 

Figure 6: Case 600 – Dymola outputs for cooling 

 

Figure 7 shows the power fitting for all the test cases run 

on a complete year.  

For the light-weight cases, the power fitting varies 

between 91 and 96% on the heating side and between 82 

and 87% on the cooling side.  

For the heavy-weight cases, the power fitting varies 

between 92 and 98% on the heating side, and between 81 

and 95% on the cooling side. 

 

Figure 7: Power fitting for all the test cases 

In Figure 8, the annual energy relative error is shown for 

all the test cases run during a complete year. 

For the light-weight cases the relative error on the annual 

energy varies between -2,5 and +6,5% for heating, and 

between +10 to +15% for cooling. 

For the heavy-weight cases, the results are broader. The 

relative error on the annual energy demand varies 

between -14 and +1% on the heating side, and between +1 

and +19% on the cooling side. 

 

Figure 8: Annual energy relative error for all cases 

The discrepancies can be explained by some differences 

in the models set up: 

- Surfaces absorptivity are not represented in the R6C2 

model; 

- Windows infrared absorptivity are not taken into 

account in the R6C2 model; 

- The ground is not represented in the R6C2 model 

whereas there is a 2 meters soil layer at a fixed 

temperature (10°C) in the detailed model. 

To go further in the analysis, a comparison with 67 other 

models developed on various building modeling software, 

Light-weight Heavy-weight 

Light-weight 

Heavy-weight 
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including EnergyPlus, is performed based on 

ANSI/ASHRAE (2014).  

Figure 9 and Figure 10 show respectively the boxplot 

obtained for the annual energy demand for heating and 

cooling. For all the assessed cases, the results for the low-

order model are within the upper and lower quartiles and 

are close to the median value.  

In conclusion, the R6C2 model is considered able to 

reproduce the thermal behavior of a single room building.  

 

Figure 9: 67 comparisons on the annual heating energy  

 

Figure 10: 67 comparisons on the annual cooling energy  

Multizone validation 

The low-order model has been validated on a monozone 

building. It is now necessary to check that the R6C2 

model is able to represent a multizone building. To do so, 

the same building is built with the low-order monozone 

model, and a multizone model composed of several 

thermal zone components from Buildings library. 

Methodology 

To start with, a calibration phase is performed to identify 

the monozone R6C2 model sensitivity. The external and 

internal excitations are added step by step to understand 

their individual influence. The validation phase is then 

carried out considering the full model with all the 

excitations, as well as the heating and cooling control of 

the building. The observed outputs are the indoor 

temperature, the heating and the cooling needs over the 

year. The following indicators are used to compare the 

building thermal behavior obtained with the monozone 

and the multizone models:  

- The annual relative error Energy
error

 defined in 

equation 18 for the heating and cooling needs 

outputs; 

- The mean absolute deviation Dmoy defined in 

equation 19 for all outputs, measuring the average 

distance between the reference and the calculated 

values; 

- The determination coefficient r² defined in equation 

20 for all outputs, measuring the model ability to 

replicate the outcomes. 

Dmoy = mean |y - ŷ| (19) 

r² = 1 - 
|y - ŷ|²

|y - y̅|²
  

(20) 

The results are considered satisfying when the relative 

error and the mean absolute deviation are small and the 

determination coefficient is close to 1. 

Simulation case 

A direct comparison is run on a 100 m² new single family 

house (SFH, Figure 11) divided into 8 thermal zones (1 

living room, 1 bathroom, 3 bedrooms, 1 corridor, 1 garage 

and 1 attic). 

 

Figure 11: The 100 m² SFH floorplan 

For the multizone modeling performed with the Buildings 

Library, each of the 8 thermal zones is set up with its 

specific ventilation, occupancy schedules, heat gains, and 

heating and cooling temperature set points according to 

the 2012 French thermal regulation. The garage and the 

attic temperatures are not controlled, meaning that there 

is no heating or cooling in these zones. All the other zones 

are controlled. 

Table 3: Geometry of the 100 m² SFH 

Geometry 

Floor area m² 110 

Ceiling height m 2,6 

Heated volume m3 230 

Total windows area m² 14 

Table 4: Occupancy assumptions of the 100m² SFH 

Occupancy 

Number of occupants - 4 

Heating set point during occupation °C 19 

Heating set point during inoccupation (< 48h) °C 16 

Heating set point during inoccupation (> 48h) °C 7 

Cooling set point during occupation °C 28 

Cooling set point during inoccupation (< 48h) °C 30 

Cooling set point during inoccupation (> 48h) °C 30 

Table 5: Internal gain assumption of the 100m² SFH 

Internal gains 

Occupant heat gain (Loadpeople) W/pers 70 

Lighting heat gain (Powerlight) W/m² 1,12 

Other equipment heat gain (Powerspe) W/m² 5,7 

Radiative part of the internal gains (a) % 35 
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The French thermal regulation standard 2012 is used to 

define the walls and windows composition (Table 6). 

Table 6: Walls composition of the 100m² SFH 

Type Material 
𝝆 

kg/m3 

𝑪𝒑 

J/kg.K 

S 

m² 

External 

wall 

Brick, 20 cm 782 1000 132 

Th32, 8 cm 17 1450 132 

Floor 
Concrete, 15 cm 2200 880 110 

Polyurethane, 6 cm 30 1000 110 

Ceiling Fiberglass, 20 cm 32 1000 110 

The weather file used for the simulation is provided by the 

French regulation and represents a typical year of 

Mediterranean climate (located in Nice, France). 

In parallel, a monozone low-order model is built, taking 

all the above mentioned hypothesis as parameters. In 

addition, the following simplifications are made: 

- The 6 heated thermal zones are considered as a single 

thermal zone and the non-heated thermal zones are 

not represented: the ceiling is in direct contact with 

the outdoor environment and the garage external 

walls are removed from the total area inducing heat 

losses; 

- None of the internal walls is modeled; 

- The ground is not modeled and the building floor is 

considered to be at the external temperature. 

The parameters of the R6C2 model are calculated and 

given in Table 7. 

Table 7: Monozone R6C2 model parameters 

Resistances & Capacities 

Rs W/K 4402,1 Rf W/K 19,6 

Ri W/K 4402,1 Rv W/K 49,4 

Rm W/K 93,6 Cm MJ/K 429,5 

Re W/K 14292,5 Ci MJ/K 2,77 

Results 

Calibration phase 

The objective of the calibration phase is to compare both 

models behavior (multizone with Buildings Library and 

monozone R6C2) considering the external temperature as 

the only excitation. The building indoor temperature, 

defined as the average of the rooms temperature, is 

simulated over a year for both models and is presented in 

Figure 12. 

 

Figure 12: Indoor temperature - before calibration 

Significant deviations are observed, particularly during 

summer. Further investigations show that the 

discrepancies are due to the Ci parameter of the monozone 

model, representing the indoor air thermal mass, 

influenced by the building thermal zoning. The 

simplifications made on the R6C2 model to consider the 

8-zones building as a single zone building have a 

significant effect on this parameter. Its value is then 

adjusted to include the 2 non-heated zones that were 

neglected in the first calculation. After adding the 2 

volumes, the new value is set to Ci =7,8 MJ/K. 

The building indoor temperature with the new calibrated 

model is presented in Figure 13. 

 

Figure 13: Indoor temperature - after calibration 

Both models show similar results. 

The final results for the indoor temperature are presented 

in Table 8. 

Table 8: Results of the calibration phase 

Excitation r² Dmoy 

External temperature 100% 0,7°C 

Previous + Solar irradiance 95% 1,7°C 

Previous + Internal gains 93% 1,8°C 

Previous + Ventilation 95% 1,4°C 

In all cases, the determination coefficient reflects the 

model ability to reproduce the indoor temperature. The 

mean absolute deviation is small. The model is considered 

well calibrated.  

During cold periods, the indoor temperature is under-

estimated with the monozone model and on the contrary, 

during hot periods, the temperature is over-estimated with 

the low-order model (Figure 14): 

  

Figure 14: Comparison of indoor temperature with all 

excitations 
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Validation phase 

The heating and cooling control on the indoor temperature 

are added and the indicators given in Table 9 are 

computed over a year. 

Table 9: Results of the validation phase 

Output r² Dmoy Energy
error

 

Indoor 

temperature 
93% 0,9°C - 

Heating needs 92% 67,4 W 4% 

Cooling needs 83% 64,9 W 13% 

The indoor temperature is similar for both monozone and 

multizone models.  

The evaluation of the mean absolute deviation for the 

heating and cooling needs is not as direct as for the indoor 

temperature. The calculated deviations are compared to 

the maximum power observed over a year, since it is the 

reference value used to size energy systems. This results 

in a 1,6% difference for the heating needs, and a 2,2% 

difference on the cooling needs.  

The determination coefficients are close to 1, with a larger 

discrepancy for the cooling needs. 

The energy relative errors are also correct and reflect an 

over-evaluation of both heating and cooling needs. This is 

due to an under-evaluation of the indoor temperature with 

the monozone model during cold periods, and to an over-

evaluation of the indoor temperature during hot periods. 

Furthermore, as shown in Figure 14, the discrepancies 

during hot periods are larger than during cold periods, and 

in high temperature ranges, the monozone indoor 

temperature is higher than the multizone theoretical, 

resulting in a bigger error on the cooling energy need.  

This can be explained by the modeling assumption taken 

to set up the monozone model regarding the non-heated 

zones, especially the attic. In the multizone model, this 

volume acts like a buffer and the solar irradiation received 

by the roof is not directly transmitted to the living areas. 

On the contrary, in the R6C2 model, this zone is not 

represented and the living areas are immediately in 

contact with the outdoor air, meaning that the heat 

exchanges and the solar gains are over-estimated. 

During winter, these two phenomena have opposite 

effects in the thermal balance whereas during summer 

both effects add up. Hence, cooling needs show larger 

discrepancies than heating needs. 

In addition, the ground is not modeled in the R6C2 model. 

The floor is considered in direct contact with the outdoor 

air, resulting in higher heat exchanges.  

The low-order model is able to reproduce the thermal 

behavior of a multizone building but shows some limits 

particularly during hot periods. Attention should be given 

to the zoning and the simplifications made in the 

monozone model set up. The non-heated zones have a 

large impact on the building behavior and must be 

included in the thermal mass calculation, even if not 

modeled.  

It is worth noting that the multizone building 

representation with a monozone model was only possible 

since its largest part is heated, and the zone usages are 

homogeneous. With a more complex building, including 

several usages with various occupation scenarios and 

internal gains, the results could be different.  

To go further, the R6C2 model can be improved, to better 

represent multizone buildings: 

- The internal walls can bring more complexity on the 

heat transfer and may have to be included in the 

model; 

- Non-heated zones such as attics, with a buffer effect 

can be represented with an additional resistor; 

- The ground and the heat exchanges with the floor can 

be added to the model. 

Further discussion 

Sensitivity analysis  

To go further, a sensitivity analysis is processed on the 

low-order model to determine which parameter or 

external excitation has the most significant influence on 

the results. The impact of the following parameters is 

studied: 

- Wall composition 

- Floor area 

- Glazing system 

- Air exchange rate 

- Internal gains due to occupation, lighting and other 

equipment 

- Solar irradiation. 

The analysis is performed with the Sobol index method 

described in Berthou (2013) and Iooss and Lemaître 

(2015). 4000 simulations are run with the R6C2 model to 

calculate the Sobol index for the 8 parameters. The results 

are presented in Figure 15. 

 

Figure 15: Sobol index 

The solar irradiation has the most significant impact on 

the indoor temperature and the cooling needs, and has an 

influence on the heating needs as well. The floor area has 

the highest impact on the heating needs. The air exchange 

rate is also a significant parameter with respect to these 3 

outputs.  

However, the Sobol index used for the analysis has shown 

its limits because of the dependencies between the 

variables. Further investigations shall be performed to 

consolidate this sensitivity analysis. 

Windows type 
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Simulation statistics  

The low-order model has been developed in order to 

speed up the set up and simulation processes. 

The amount of input data required to parametrize both 

models is fairly identical but the R6C2 is easier to set up. 

This results in a reduced development time, particularly 

when modeling several thermal zones. For a monozone 

building, the process is 50% faster. The set up time has 

been divided by 5 for the multizone building presented in 

this paper (a 2 to 3 days development time is usually 

required for one building).  

The simulation is also faster with the low order model, 

due to a reduced complexity. For the single zone building 

used for the BESTEST validation, the simulation is 15 

times faster with the R6C2 model (about 15 seconds) than 

with the detailed thermal zone model (about 4 minutes). 

The number of equations is reduced by half. 

This effect is enhanced for a higher number of zones. For 

the multizone building, the simulation is 25 times faster 

with the R6C2 model (about 15 seconds) than with the 

multizone model with Buildings library (about 6 

minutes). The number of equations has been divided by 8. 

Conclusion  

The paper gives insights about the development of a low-

order thermal model using Modelica, and shows detailed 

results regarding the model validation with BESTEST on 

a single-room building, and with the Building Library 

detailed thermal zone model on a multi-room building.  

Regarding the monozone building, the results are 

satisfying when compared to validated models developed 

on various software. The discrepancies can be explained 

by some differences in the model set up, such as surfaces, 

windows absorptivity and soil representation. 

For the multizone modeling, the results are also satisfying 

but the monozone R6C2 model has to be used with more 

care. Attention should be given to the assumptions and 

simplifications made to represent the building as a single 

zone. Characteristics such as non-heated rooms and 

internal walls deteriorate the results if neglected. The 

ability to reproduce the thermal behavior of a more 

complex building including different usages with a 

monozone model should be tested.  

The numerical performance of the low-order model and 

the detailed model is assessed and compared. The 

complexity is reduced by half with the R6C2 model on a 

monozone building, and divided by 8 for a 8 zones 

building, resulting in shorter time for parametrization, and 

faster simulation. 

The proposed model configuration is a good compromise 

between accuracy of the results, available data needed to 

set up the model and computational time. 

To go further, an additional resistor could be added to the 

R6C2 model to better represent the non-heated zones with 

a buffer effect and the soil could be included as well. 

In conclusion, the low-order monozone model presented 

in this paper appears to be appropriate for larger scale 

simulations, such as district or city levels. 
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