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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 thermal load reduction effect inside and outside a building with steel-reinforced concrete construction coated by heat-treated 
wooden decoration was estimated by actual measurement and numerical analysis. The model structure for actual measurement was 
built by using a steel-reinforced concrete cube (sides 3 m). The diurnal range of building body surface temperature and conductive 
heat flux and the thermal load inside building decreased upon covering the concrete building with wooden decoration. The 
insulation performance of the panel increased with the thickness of the wood. Thus, the important role played by wooden decoration 
is related to the thermal insulation of buildings. 
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1. Introduction 

The heat island effect has become a serious problem in urban areas with the increase in the number of buildings 
using materials with large thermal capacity, such as concrete and asphalt. The absorption of solar radiation in the 
daytime and thermal radiation from the building to the night atmosphere are restrained by coatings, such as wood, that 
have low thermal capacity. With regard to the insulation repair of existing buildings, the installation of wood cladding 
is preferred in Japan. The authors evaluated the effect of the thermal load of a building on the interiors and exterior of 
the building for a concrete building model and real reinforced concrete building covered by wooden 
facing in the previous study [1-2]. The purpose of this study is to clarify the energy saving effect and the 
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atmospheric thermal load when a building is coated by wooden facings of different shapes for summer and winter 
season. An objective building of the reinforced concrete which assumed a real building was used, and numerical 
analysis was performed. 

2. Measurement building and method 

Two cubic model buildings (sides 3 m) of reinforced concrete were built in the Forestry and Forest Products 
Research Institute (Tsukuba in Japan) to evaluate the effect of reduction in air-conditioning load when a building is 
covered by wooden facing. The wall, roof, and floor were considered to have a single-layered structure of reinforced 
concrete. The wall was 150 mm thick, and the roof and floor were 450 mm thick. A steel door was installed at the 
north aspect central part of each building. The air-conditioner was installed in the northern upper part of the indoor 
room. Two model buildings were constructed on the east and west sides. The building on the east was called “E” 
building, and that on the west was called “W” building. The two buildings were separated by a distance of 5 m. 
Building E was covered by wooden facing, except on its north side, and building W was not covered. A planar panel 
of 22 mm was prepared. For both buildings, the roof was standardized as a 30-mm-thick planar layer. A 35-mm-thick 
air layer was established between the concrete wall and wooden facing. All the end faces of each air layer were closed, 
and thus, each air layer formed a closed and independent space. Figure 1 shows the outline of the model buildings. 

K-type thermocouples (wire diameter 0.32 mm) and heat flux meters were installed on the roof and the concrete 
walls to the north, south, east, and west to measure temperature distribution and the conductive heat flux in the 
thickness direction of the concrete. After concrete casting, a thermocouple was installed on the surface (indoor side 
and outdoor side) of the roof and on each of the four walls. In building E, thermocouples were installed in the wooden 
facing surface and the air layer between the concrete wall and wooden facing. In addition, thermocouples were 
installed at three locations inside the building to measure indoor temperature (ceiling, center, and floor). The surface 
temperature, conductive heat flux, and indoor temperature were recorded by a data logger at 1-min intervals. Figure 
2 shows the installation locations of the sensors. As meteorological elements, the amount of global solar radiation, 
infrared radiation, air temperature, relative humidity, wind direction, wind speed, and precipitation were measured. 
Pyranometers were installed on the four walls and the roof of building E. Measurements were performed intermittently 
during summer and winter seasons. 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Outline of model buildings.                                                Fig. 2. Sensor locations. 

3. Calculation model and method 

Numerical analysis was performed assuming identical situations as those of the model structure to evaluate the 
effect of reduction in the air-conditioning load when wooden facing is employed for a building. Figure 3 shows the 
schematic drawing of the numerical model. Assuming that surfaces of the walls and roof top of the test box are 
sufficiently wide as compared to the thickness of each, the one-dimensional heat transfer model was applied to analyze 
temperature profile in the direction of thickness of each wall. The box consists of six walls, each of which consists of 
three layers of covering wood layer, air layer, and concrete slab layer, and the internal space of model structure. The 
temporal changes in temperature inside the concrete and the wood layers are calculated using the one-dimensional 
unsteady heat conduction equation. Each surface temperature value was calculated under the assumption of energy 
balance between radiation, convection, and conduction. A box model was adopted for predicting the air temperatures 
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