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ABSTRACT 

Steady-state evaluations are commonly used in 
energy labelling for residential buildings in many 
countries, considering that simplified methods are 
sufficiently accurate to reach mandatory levels of 
energy demand or emissions of greenhouse gases. 
However, in some climates (especially the arid and 
the continental climates) steady-state evaluations are 
leading to results that differ enormously from 
experimental data. In this paper dynamical simulation 
results for three different test buildings, obtained by 
using official tool for energy certification of 
dwellings in Chile, CCTE (based DOE-2), are 
compared with steady-state official methodology 
results for six different locations in Chile. These 
locations are representative examples of the climate 
range of the country: Santiago (continental with dry 
summer), Antofagasta (arid with abundant 
cloudiness), Calama (arid), Valparaiso 
(Mediterranean), Concepción (cold humid) and Punta 
Arenas (extreme cold). Selected test buildings are 
representative of the built environment of Chile. 
Results show that climates with the highest daily 
temperature oscillations (arid and continental) 
present significant differences between steady-state 
and dynamic simulations results. Thermal inertia and 
solar gains are the most sensitive aspects that 
dynamical simulation considers, whilst steady-state 
evaluation does not. Paper focuses on heating 
demand because of cooling demand is not considered 
by the current energy labelling system in Chile. 
However, it is relevant to point out the importance of 
cooling, which should be considered in several 
climatic locations of the country and that its 
estimation has to be done by hourly simulation. 

INTRODUCTION 
In 2013 the Housing Ministry of the Chilean 
Government introduced the National Energy 
Certification Systems for Dwellings. This system is 
voluntary at the moment, but it will be mandatory by 
2016 or 2017. Two evaluations are considered to 
obtain the energy certification: architecture and 
systems. Architecture evaluation relates to thermal 
demand (heating only) and considers parameters like 
insulations, windows typology, orientation and solar 
protection.  

System evaluation considers the efficiency of the 
heating system, the lighting and the solar energy use 

(thermal and photovoltaic). Thermal demand of the 
architecture evaluation could be evaluated by two 
methods: steady-state (degrees-day) or dynamic 
simulation conducted by using the CCTE tool. In 
practice, almost the 90% of the energy label assigned 
since 2013 until now has been using the steady-state 
method. There are many differences between these 
options and the most important are the following: 

 

• The steady-state method only estimates 
heating demand, whilst the dynamical 
method estimates both heating and cooling 
demand (however, energy labelling 
considers only heating); 

• The steady state method estimates solar 
gains basically considering windows 
orientation and radiation values for typical 
days, whilst dynamical simulation calculates 
solar gains on the base of weather data; 

• The steady state method uses the daily 
average temperature whilst the dynamical 
method uses hourly data; 

• The steady state method doesn’t consider 
thermal inertia of walls and roofs. 

 

As a result of these differences, the energy label 
obtained by a dwelling could be different if steady 
state or dynamical simulation is used, especially in 
the climates where the day-night temperature 
oscillations are high and the degree-day concept is 
not working. In other climate zones, the energy label 
is the same, but the thermal demand is always very 
different, depending on the methodology used.   

SIMULATION  

Climate definition 
Figure 1 shows the Koppen-Gaiger climate definition 
for Chile. According to this international, well-
known classification, a technical norm was proposed 
for the country, the NCh 1079. The norm divides 
Chile in 9 zones: north coast, northern desert, 
northern transversal valley, central coast, central 
interior, south coast, south interior, extreme south, 
Andeans.  
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Figure 1 Koppen-Gaiger climate definition for Chile 

 

Even if the climate definition of the NCh 1079 is 
according to international standards and could be 
used to define the thermal zones for the country, the 
Dwelling Ministry decided to generate a new zoning 
for energy labelling purposes. In this new zoning, 
degree-day concept was used to define 7 thermal 
zones instead of the 9 of the NCh. These 7 thermal 
zones are used in steady-state evaluations. Then, the 
CCTE software was developed, using average 
available data and Meteonorm software to generate 
daily weather data. Resulting data are not very 
accurate compared to available EPW data, but it is 
much better to use them than to use degree-day 
method. Table 1 and Table 2 show the climate 
description for the 6 locations considered in this 
paper for summer and winter solstice respectively. 

 

Table 1 
Climate description of selected cities, summer 

 

 Ta (ºC) R (W/m2) HR (%) ∆T (ºC) 

Antofagasta 19,4 380 70 8,5 

Calama 16,2 385 27 19 

Valparaiso 18,7 380 60 18 

Santiago 20,9 375 48 21,8 

Concepción 16,5 375 60 17,1 

P. Arenas 10,4 312 68 15,6 

Table 2 
Climate description of selected cities, winter 

 

 Ta (ºC) R (W/m2) HR (%) ∆T (ºC) 

Antofagasta 14 228 70 9,6 

Calama 8,9 230 20 23,1 

Valparaiso 11,5 145 75 15,2 

Santiago 7,5 120 75 19,7 

Concepción 9,7 95 80 13,4 

P. Arenas 1,6 58 85 11,4 

 

Test building description 
In order to obtain representative results of the 
effectiveness of both steady-state and dynamical 
method, three building typologies have been 
identified: small social houses (45 m2), 5 floors 
department blocks (60 m2 each apartment) and tall 
department buildings (120 m2 each apartment). These 
are indubitably the three construction categories most 
diffused in the country, and are constructed all across 
Chile, without important design differences between 
south (Patagonia, cold climate) and north (Atacama 
Desert, arid climate). In many cases even the 
materials used are the same: blockworks, glass, steel.  

 

 
Figure 2 Typical constructions in Chile 

 

Figure 2 shows clearly that these three typologies are 
very common in Chile. In the picture (taken in 
Antofagasta) all could be appreciated together: 
medium blocks (to the left), small dwellings (in the 
middle) and tall buildings (to the right). The Chilean 
energy labelling system uses the minimum 
transmittance values established by the norm to 
generate the reference building. Table 3 describes the 
thermal zone of the cities and the transmittance value 
of walls, roofs and windows used for reference 
buildings. For windows, other compliance possibility 
is admitted: less than a percentage of monolithic 
glass depending on the thermal zone. 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 2238 -



Table 3 
Transmittances of reference building envelops 

 

 Z UWALL  
(W/m2K) 

UROOF 
(W/m2K) 

UWINDOW  
(W/m2K) 

Antofagasta 1 4,0 0,84 5,8 

Calama 2 3,0 0,6 5,8 

Valparaiso 2 3,0 0,6 5,8 

Santiago 3 1,9 0,47 5,8 

Concepción 4 1,7 0,38 2,8 

P. Arenas 7 0,6 0,25 2,8 

 

It has to be noticed that the reference building 
construction is very important for the label 
assignment: reference building should have the same 
geometry and shadows than the object building, but 
minimum or maximum mandatory values for 
materials and average orientation. If dynamical 
simulation method is used, reference building has to 
be simulated in the four main orientations (N-S-E-W) 
and the average should be calculated to compare the 
results. 

Building typology 1 
Building typology 1 is a small house of two floors, 
with a total floor of 45 square meters. Materials and 
structures used in simulation are: 

 

• External walls: block, insulation depending 
on the location (transmittances 3.0 W/m2K 
for zone 1 and 2, 1.6 W/m2K for zone 3 and 
4, 0.5 W/m2K for zone 7). 

• Roof: metal deck, insulation depending on 
the location (transmittances 0.6 W/m2K for 
zone 1 and 2, 0.3 W/m2K for zone 3 and 4, 
0.2 W/m2K for zone 7). 

• Windows (20% of the envelope): single or 
double glazed depending on the location 
(resulting transmittances 5.8 W/m2K for 
zones 1, 2, 3 and 2.8 W/m2K for zones 4, 7). 

 

Figure 3 shows the CCTE model of this building 
typology. 

 

 
Figure 3 Small house  

Building typology 2 
Building typology 2 is a small block of apartments 
(five floors, four apartments per floor) with a floor 
area of 60 square meters each apartment. Materials 
and structures used in simulation are: 

 

• External walls: block, insulation depending 
on the location (transmittances 3.0 W/m2K 
for zone 1 and 2, 1.6 W/m2K for zone 3 and 
4, 0.5 W/m2K for zone 7). 

• Roof: cement mortar, external asphalt, 
insulation depending on the location 
(transmittances 0.6 W/m2K for zone 1 and 2, 
0.3 W/m2K for zone 3 and 4, 0.2 W/m2K for 
zone 7). 

• Windows (35% of the envelope): single 
glazed or double depending on the location 
(resulting transmittances 5.8 W/m2K for 
zones 1, 2, 3 and 2.8 W/m2K for zones 4, 7). 

 

Figure 4 shows the CCTE model of this building 
typology. 

 
Figure 4 Small blocks of apartments 

Building typology 3 
Building typology 3 is a block of apartments (twenty 
floors, eight apartments per floor) with an average 
floor of 120 square meters each apartment. Materials 
and structures used in simulation are: 

 

• External walls: block, insulation depending 
on the location (transmittances 3.0 W/m2K 
for zone 1 and 2, 1.6 W/m2K for zone 3 and 
4, 0.5 W/m2K for zone 7). 

• Roof: cement mortar, external asphalt, 
insulation depending on the location 
(transmittances 0.6 W/m2K for zone 1 and 2, 
0.3 W/m2K for zone 3 and 4, 0.2 W/m2K for 
zone 7). 

• Windows (70% of the envelope): double 
glazing in all locations (resulting 
transmittance 2.8 W/m2K). 

 

Figure 5 shows the CCTE model of this building. 
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Figure 5 Tall buildings 

Systems and simulation parameters 
CCTE software offers only a few parameters 
selection options: air renewal, for example, is fixed at 
1.0 air change per hour; spaces could be assigned as 
“conditioned” or “not occupied”, without any 
schedule to input; systems efficiency are also fixed as 
0.85 for heating and 2.0 for cooling. Thermal demand 
and final energy consumption are evaluated based on 
a fixed comfort range 18-26 ºC. It is not possible to 
insert any kind of mobile solar protection. In any 
case, systems label has to be obtained by using the 
specific method of the Chilean Norm, and dynamic 
software CCTE is used only to establish the heating 
demand.  

Label assignment  
The Chilean system assigns the energy efficiency 
label depending on the thermal zone: to reach a “A” 
in the colder zones it is sufficient to save the 30% of 
the energy (architecture evaluation), whilst to reach a 
“A” in the temperate zones the dwelling has to save 
the 50% and even the 70% of the energy. It has to be 
remembered that this evaluation only estimates the 
heating demand, not the cooling. To avoid good 
labelling with poor effort, other strong limitation was 
introduced: it the warmer environments, reference 
building has to have a minimum thermal demand of 
30 kWh/m2 to make possible the label assignment. 
This fact is very prejudicial for the building in all the 
north of Chile. In some cases, better architecture 
leads to poor label because of the electric systems 
used for hot water (Palme, 2013). 
In this work only the energy label of architecture is 
analysed. System label consider the devices 
efficiency and the renewable energy systems used, 
but it is not strongly influenced by the thermal 
calculation method used (dynamic or steady-state). 
Some changes could be detected, because of the 
dependence on the thermal demand to evaluate the 
final energy waste, but system typology and 
renewable systems usage have a stronger impact on 
the final evaluation. 
 

RESULT DISCUSSION 
Table 4 resumes the results of heating demand and 
energy label of architecture obtained by using both 
methods, dynamical and steady-state, for the 
Antofagasta case. Table 5 shows the results for the 
case of Calama.   
 

Table 4 
Results for Antofagasta 

 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N D 22.5 D 27.9 

B2 Ap. N / / E 29.2 

B3 Ap. N / / / / 

B1 E E 40.1 E 36.6 

B2 Ap. E / / E 32.6 

B3 Ap. E / / / / 

B1 W E 35.2 E 34.1 

B2 Ap. W / / E 28.9 

B3 Ap. W / / / / 

B1 S E 40.2 E 32.9 

B2 Ap. S / / E 37.3 

B3 Ap. S / / / / 
 

 
Table 1 

Results for Calama 
 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N E 177.7 E 91.6 

B2 Ap. N D 77.7 E 66.9 

B3 Ap. N B 16.6 C 25.5 

B1 E E 206.4 E 100.8 

B2 Ap. E E 115.8 E 85.8 

B3 Ap. E D 30.7 D 35.7 

B1 W E 206.4 E 96.5 

B2 Ap. W E 115.8 E 71.7 

B3 Ap. W D 30.7 D 32.1 

B1 S E 205.4 E 103.0 

B2 Ap. S F 145.4 E 87.8 

B3 Ap. S F 60.8 D 40.2 
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In the Antofagasta case, the limitation of 30 kWh/m2 
operates, and for more compact buildings (like the 
tall building 3 studied) no label is assigned. For other 
buildings, the dynamic simulation leads to a label 
assignment. Only small houses are evaluated by 
steady-state method. Other important evidence is that 
steady-state method evaluate the orientation as one of 
the main factors in labelling process, while dynamic 
simulation demonstrates that solar access has less 
importance in this climate conditions (in the heating 
evaluation). 
The Calama case also presents many differences 
between the steady state and the dynamic evaluation. 
The most important thing seems to be the extreme 
sensitivity of steady state method to orientation. The 
reason for this is the simplified equation that is used 
in the method, which is not valid for the latitude of 
Calama. North orientation is the best for latitudes 
higher than 30 degrees, but not between 30 and 0. 
Degrees day method, moreover, estimates very high 
heating demand, due to an approximate correction 
that was done to the thermal zoning of Chile to take 
into account the high on the Sea level.  
 

Table 6 
Results for Valparaiso 

 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N E 94.4 E 86.0 

B2 Ap. N D 32.7 E 76.8 

B3 Ap. N B 5.4 D 33.3 

B1 E E 113.2 E 91.5 

B2 Ap. E E 57.8 E 84.1 

B3 Ap. E D 13.7 D 37.8 

B1 W E 113.2 E 89.9 

B2 Ap. W E 57.8 E 79.1 

B3 Ap. W D 13.7 D 35.4 

B1 S E 113.2 E 91.1 

B2 Ap. S F 77.1 E 88.2 

B3 Ap. S F 37.6 E 45.2 

 

Table 6 resumes the results for Valparaiso and table 7 
for Santiago. Main orientation effect is also present, 
and in some cases this leads to energy label “B” or 
“A”, that are not confirmed by simulation. Building 
typology seems to have a strange effect on the 
results. It is probably due to the difference in the 
glass percentage on the external surface of the 
buildings (20% for small houses, 35% for small 
blocks and 70% for tall buildings analysed). 

 

Table 7 
Results for Santiago 

 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N E 130.7 E 98.10 

B2 Ap. N D 62.8 E 105.9 

B3 Ap. N A 14.2 D 50.8 

B1 E E 153.4 E 104.9 

B2 Ap. E E 86.7 E 115.5 

B3 Ap. E C 22.7 D 58.2 

B1 W E 153.4 E 101.2 

B2 Ap. W E 86.7 E 108.6 

B3 Ap. W C 22.7 D 55.4 

B1 S E 173.2 E 104.9 

B2 Ap. S F 107.6 E 120.2 

B3 Ap. S F 42.3 E 63.9 

 

Table 8 and 9 show the results for Concepción and 
Punta Arenas respectively. The usage of double glass 
in all buildings typologies has a stronger impact 
combined with orientation. In many cases energy 
label obtained by steady-state method is very 
different from the label supported by simulation 
analysis.  
 

Table 8 
Results for Concepción 

 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N D 117.2 E 82.0 

B2 Ap. N B 44.7 D 71.2 

B3 Ap. N A 15,6 C 49.1 

B1 E D 142.3 E 88.5 

B2 Ap. E C 56.7 D 81.1 

B3 Ap. E C 25.4 C 57.5 

B1 W D 142.3 E 87.5 

B2 Ap. W C 56.7 D 74.5 

B3 Ap. W C 25.4 C 52.4 

B1 S D 144.1 E 88.2 

B2 Ap. S C 60.2 E 87.5 

B3 Ap. S E 54.4 C 64.3 
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Table 9 
Results for Punta Arenas 

 

 DEGREES DAY DYNAMICAL  

L HEATING 
(kWh/m2y) 

L HEATING 
(kWh/m2y) 

B1 N C 222.0 D 137.1 

B2 Ap. N A 47.6 C 126.5 

B3 Ap. N A 44.4 C 98.7 

B1 E C 203.0 C 148.9 

B2 Ap. E A 87.2 D 149.8 

B3 Ap. E B 59.4 C 102.3 

B1 W C 203.0 D 148.7 

B2 Ap. W A 87.2 D 137.7 

B3 Ap. W B 59.4 C 100.2 

B1 S D 260.9 E 147.9 

B2 Ap. S C 143.5 D 147.5 

B3 Ap. S E 113.4 D 123.6 

 

CONCLUSION 
This paper has shown that the two existing methods 
for thermal demand estimation in Chile lead to many 
inconsistences in the results. Even in the cases where 
final label obtained is the same, the information 
about the heating demand is very different. Steady-
state results don’t permit to analyse the effect of the 
solar heating and the thermal inertia of the materials. 
Energy certification system should be clarified and 
one method selected as the correct or more effective. 
Especially attention has to be focused on: 

 

1. Removing the strong limitation of 30 
kWh/m2 of heating demand for reference 
building, that affects the labels of building 
placed in the north of the Country; 

2. Recalibrating the incoming radiation 
calculation of the steady state method or 
define to use always dynamical simulation; 

3. Verifying the incidence of some parameters 
(e.g. the type of glass) on the final result; 

4. Considering to introduce cooling demand or 
summer discomfort calculation in the 
system; 

5. Connecting building thermal simulation 
with dynamical simulation of systems 
efficiency; 

6. Considering a new thermal zoning for Chile, 
based on more realistic data; 

7. Obtaining new weather data, calibrated with 
direct observations. 

Some of these efforts are already started in the 
country, but the national system of energy labelling 
should start to operate at mandatory level by 2016. It 
would be important to improve it before make it 
mandatory. Especially, it appears fundamental that 
the system has impact all across the country, not only 
in few regions. As a general recommendation, the 
new labelling systems should use thermal demand 
and final consumption results, both related to heating 
and cooling. To generate the new energy classes, 
many buildings, representative of the design and 
construction strategies more diffused in the country, 
should be simulated and monitoring results should be 
used to calibrate this simulations package.  

As a final consideration, it has to be remembered that 
climate is changing: projections of IPCC for Chile 
are an increase in average temperature up to 6 
degrees by the end of the century (National 
Adaptation Strategy Document, 2013). The global 
warming will make the cooling evaluation even more 
important for northern and central regions of Chile 
(Palme et al., 2010). Even in the Metropolitan Region 
of Santiago, the heat island effect would make 
probably necessary cooling and natural ventilation 
evaluations for building labelling, as observed by 
Valenzuela  (2013). 

ACKNOWLEDGEMENT 
This work was supported by CONICYT under the 
Fondecyt Proyect number 11140578.  

REFERENCES 
Bustamante, W. 2000. Guía de diseño para la 

eficiencia energética en la vivienda social. 
Ministerio de Vivienda y Urbanismo. 

CCTE. 2000. Manual and tool. Available on-line: 
www.minvu.cl  

IPCC. 2013. Fifth Assessment Report. Available on-
line: www.ipcc.ch  

MINVU. 2015. Manual de Aplicación de la 
Reglamentación Térmica.  

NCh 1079. 1998. Zonificación Climático-
Habitacional.  Normalization Institute, Santiago. 

NCh 853. 2008. Standard Materials and Construction 
Elements. Normalization Institute, Santiago. 

National Adaptation Strategy to Climate Change. 
2013. Chilean Government and Universidad de 
Chile. 

Palme, M. 2014. Energy certification process in 
Chile: steps to dynamic simulation of buildings' 
energy performance. Passive and Low Energy 
Architecture Conference 2014. 

Palme, M., Isalgué, A., Coch, H. 2010. The posible 
impact of climate change on built environment. 
World Renewable Energy Congress 2010. 

Valenzuela, G. 2013. Efecto isla de calor en Santiago 
de Chile. ENCAC Conference, 2013. 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 2242 -




