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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The study is done on an apartment of 85 m2, located in Tangier. A south facing façade receives a continuous sunshine all day. 
The outer walls are hollow brick Double skin spaced from an air knife (10 cm), the inside walls consist of simple dividers, while 
the ceiling and floor are concrete 30 cm thickness.
The aim of this study is to evaluate the hygro-thermal behavior of a multi-zone apartment located in northern Morocco by using 
the TRNSYS16 software, and compares its results with those from a study with CODYBA software and to estimate the heating 
load in January and the air conditioning load for the month of august. 
Meteorological data and building materials properties are those used in the north of Morocco. 

© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Morocco is poorly endowed with energy resources and imports over 96% of the energy it consumes. 36% of the 
overall energy consumption goes to the residential and tertiary sector, the housing sector emits more than 30% of 
greenhouse gas (GHG) emissions responsible of global climate on global warming. The increasing of the standard of 
living, and the availability of heating and air conditioning equipment at low prices, thus everyone has the possibility 
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of heating in winter and cooling in summer. While the majority of existing electrical networks in some urban areas 
are not designed for these power calls, which weakens them. 
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In addition, the demand for electricity could quadruple by 2030. The aim of this study is to compare the simulation 
results of two TRNSYS16 and CODYBA software. The study is to make a hydrothermal simulation of a local multi-
zone and estimate the heating load for the month of January and the air conditioning load for the month of August. 

2. Parameters used 

2.1. Description of the local studied 

The study is done on a flat in the city of Tangier in northern Morocco, with an area of 85m². A south-facing façade 
receives a continuous sunshine throughout the day; the plan of the apartment is on (figure1) 

Figure1: Plan of the apartment studied 

The exterior walls are brick Hollow double skin spaced from an air knife (10 cm), the interior walls are consisted of 
simple dividers, while the ceiling and the floor are concrete 30 cm of thickness. The structure construction in 
northern Morocco exterior walls appears on (figure2). 

Figure2: Structure of an external wall 

2.2. Weather data 
Meteorological data were measured on the Tangier weather site over the two years 2003 and 2004. 

2.3. Building materials used in northern Morocco 
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There is no reference to access the average values of thermo-physical characteristics of the materials used in 
Morocco. In our case, we take the thermo-physical properties of construction materials used in the north from the 
library TRNSYS16 software that is very rich. 

2.4. Hygrothermal modeling of the apartment 

TRNSYS is a particularly suitable for dynamic simulation software system, the thermal behavior of multi-zone 
buildings and associated systems. Because of its modular structure, it can describe complex systems with many 
components (types) included in its library. The TRNSYS environment comprises two sub-programs: 

• TRNSYS Simulation Studio, host structure for both the development of new numerical models and 
implementation of dynamic simulations, 

• The TRNBUILD interface, which defines the building envelope structure. 
Modeling assumptions 
Conditions considered for the simulations are as shows in Table 1, the air change rate is represented in table2. 

Modeling in multi-zones: 
In order to have a more detailed model of a house in function of their use, the studied apartment is divided into four 
climatic zones. 
These areas are the following (figure 1) 
Zone 1: The living room (Z1)  
Zone 2: Bedroom 1 and 2 (Z2) 
Zone 3: Kitchen and bathroom (Z3) 
zone4:   Hallway (Z4)  

Table1: Internal loads of the apartment 
Entity Nb power (w / 

unit) 
unoccupied 
scenario 

occupants 4 130 from 8h to 12h 
and from 14h 
to18h 

equipment 4 60 from 23h to 
6h, 8h to12h, 
and from 14h 
to 18h. 

lamps 4 40 from 00h to 
18h 

Table2: The air change rate of apartment 
 volume flow rate 

(m3/h) 
scenario of 
operating 

living room 90 From 8h to 14h and 
from 17h to 20h. 

Bedroom 1and 2 100 From 8h to 12h and 
from 14h to 18h. 

kitchen 80 From 7h to 12h and 
from 14h to 22h. 
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3. Results and discussion 

4. All the results for different parameters characterizing the atmosphere of the studied apartment (the interior 
temperature and humidity) will be presented as graphics and will be compared to those of the study by CODYBA. 
We determine the evolution of these indicators over time, which will allow us to estimate the annual consumption 
for heating and air conditioning of the local.  

4.1. Evolution of temperature: 

The figures 3 and 4 show the evolution of temperatures for the months of January (01/01 to 15/01).   
We got changes in temperature in the various local areas. We observed changes in these two parameters of a zone to 
the other, it’s caused by radiation received via glass surface of this areas. However, the development of Zone 3 is 
higher, considering its operation. There is a bit difference in the half of the months that caused by the difference 
between method of calculation for each software. There is a similarity between temperatures in different zones with 
TRNSYS16 and CODYBA. 

                             
Figure3: Resulting temperature with TRNSYS 16                       Figure4: Resulting temperature with CODYBA  

For the months of august as shown in figure 5 there is a similitude between temperature results with TRNSYS16 and 
CODYBA for all zones. 
The figures 5 and 6 show the evolution of temperatures for the months of august (01/08 to 15/08). 

                             
Figure5: Resulting temperature of the apartment                          Figure6: Resulting temperature of the apartment 
With TRNSYS16                                                                               with CODYBA 

4.2. Evolution of humidity 

The figure 7 and 8 show the evolution of temperatures for the months of January (01/01 to 15/01).   
We got changes in relative humidity in various local areas; it presents a variation from one to another zone in multi-
zone modelisation. The humidity is maximum in zone 1 and 2 because of the ventilation. It is minimum in the zone 
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3 and 4 because they are regularly ventilated. we find the same values for both software. For the months of august 
we have same comments as the months of January. The advantage of this software is to perform simulations of the 
evolution of different parameters characterizing the internal atmosphere of the building. 

                      
Figure7: Resulting humidity of the apartment with                       Figure8: Resulting humidity of the apartment                                                           

TRNSYS16.                                                                        With CODYBA. 

The figure 9 and 10 show the evolution of temperatures for the months of august (01/08 to 15/08).   

                      
Figure9: Resulting humidity of the apartment with                       Figure10: Resulting humidity of the apartment                                                           

TRNSYS16.                                                                        With CODYBA. 

5. Conclusions  

TRNSYS 16 allowed us to model the building in dynamic regime. 
All simulations results helped us to estimate the power of heating and cooling during winter and summer periods. 
To dimension an air conditioning system adequate; in January, we need around 160kwh of heating energy to keep 
the temperature at 18°C (winter comfort), wish is higher than what they estimate with CODYBA software. And 
540kwh of cooling energy to keep the temperature at 25°C (summer comfort) wish is higher than what they estimate 
with CODYBA software. 
This difference in results is due to the calculation methods of the two software. 
the calculation method of TRNSYS is to make the heat balance on all sides, unlike the software that CODYBA 
considered as the rays that come through, the window to the floor and is reflected to the other walls.
This software help to gain valuable time, an improving the reliability of the results in the study and the design of the 
thermal insulation, heating and air conditioning of a housing, and a study of the thermal behavior of the building. 
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