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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 

Heat flow measurement with a heat flow meter is a standardized method (ISO 9869-1) to estimate thermal 
transmittance (U-value) of a building element. The heat flow meter is a thin plate mounted on top of the surface of the 
element, and measures the heat flux q through the plate. The measured q is the product of the difference in temperatures 
between exterior and interior environment, and the U-value. The heat transferred from the element is based on the 
radiant and the convective heat transfer. 

ISO 9869-1 specifies that the environment temperature Te “is a notional temperature" and it "cannot be measured 
directly” (section A.3.1). The air temperature Ta is proposed as a reasonable approximation for the indoor environment, 
while overcast conditions and absence of significant solar radiation are specified conditions for replacing Te with Ta 
for the exterior environment. 

The sol-air thermometer (SAT) measures the sol-air temperature Tsa, i.e. the equivalent temperature of the 
convective and the radiative environment. In the absence of solar radiation, Te = Tsa. SAT is a sensor consisting of a 
thin flat solid plate, of high thermal conductivity. The front side of the sensor is exposed to the environment, whose 
Tsa is to be measured, and the backside is thermally insulated. The temperature of the SAT-plate equals Tsa. 

In this work we propose introduction of the measured Te in the existing standard (ISO 9869-1). The method for 
measurement of Tsa, using the SAT, has been demonstrated experimentally for different periods, without solar 
radiation present and under stable climatic conditions. 
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1. Introduction 

The standard ISO 9869-1:2014 describes a heat flow methodology for measurement of the thermal transmission 
properties of plane building components [1]. The standard defines the thermal transmittance U-value of a building 
element as  

 
 𝑈𝑈 = 𝑞𝑞 (𝑇𝑇𝑖𝑖 − 𝑇𝑇𝑒𝑒)⁄           (1) 

 
, where q is the heat flux through the element, and Ti and Te are the interior and exterior environmental temperatures, 

respectively. According to ISO 9869, the environmental temperature Te of a building surface is properly defined by 
(cf. Eq. (A.3) in [1]; [2]) 

         
 𝑇𝑇𝑒𝑒 = (ℎ𝑟𝑟𝑇𝑇𝑟𝑟 + ℎ𝑐𝑐𝑇𝑇𝑎𝑎) (ℎ𝑟𝑟 + ℎ𝑐𝑐)⁄         (2) 
 

, where Tr is the mean radiant temperature (infrared radiation), Ta is the air temperature, and hr and hc are the 
radiative and convective heat transfer coefficients, respectively. Here we included the surface emissivity  in the 
definition: ℎ𝑟𝑟 = 4𝜀𝜀𝜀𝜀𝑇𝑇𝑚𝑚3 , where 𝑇𝑇𝑚𝑚 = (𝑇𝑇𝑟𝑟 + 𝑇𝑇𝑠𝑠) 2⁄ , Ts is the surface temperature, and  is the Stefan-Boltzmann 
constant.  

The ISO 9869 states that Te, as defined in Eq. (2), “is a notional temperature" and it "cannot be measured directly” 
(§A.3.1 in [1]). Our objective with this study was to falsify this statement. For this purpose, we performed direct 
measurements experimentally. The experimental results and the calculated Te, which was obtained from Eq. (2), were 
compared. 
Nomenclature 

hc convective heat transfer coefficient (Wm-2K-1) 
ho heat transfer coefficient (Wm-2K-1) 
hr radiative heat transfer coefficient (Wm-2K-1) 
Is total solar irradiation (Wm-2) 
q heat flux (Wm-2) 
Ta air temperature (K) 
Te (exterior) environmental temperature (K) 
Ti interior environmental temperature (K) 
Tm mean temperature, used in hr 
Tr mean radiant temperature (K) 
Ts surface temperature 
Tsa sol-air temperature (K), i.e., the equivalent temperature of the convective and radiative environment 
U thermal transmittance (Wm-2K-1) 
 absorptivity of solar radiation (unit-less) 
 emissivity (unit-less) 
 Stefan-Boltzmann constant = 5.67 ∙ 10−8 (Wm-2K-4) 
w wind speed (m/s) 

2. Experimental 

2.1. Sol-air thermometer 

The concept of the sol-air temperature Tsa, was introduced as the equivalent temperature of convective and radiative 
environment for a surface. This definition includes solar radiation [3, 4]. Tsa is often expressed, according to [4, 5], as 
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