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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 

Nowadays, there are a lot of ongoing research activities about cooling technologies which can lead to a significant reduction in 
primary energy consumption of air handling units, in both residential and commercial applications. In this context, one of the 
most interesting technologies is the indirect evaporative cooling (IEC) system. In this work a phenomenological model of the 
component, based on a cross flow heat exchanger, has been developed and validated in typical summer operating conditions, at 
different air streams temperature, humidity ratio and flow rates. Using this tool, performance of the IEC system has been 
analyzed in different working conditions. Results highlight the advantage of using the IEC unit, which leads to significant energy 
savings in almost all the investigated conditions. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the AiCARR 50th International Congress; Beyond NZEB 
Buildings. 
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1. Introduction 

The indirect evaporative cooling technology (IEC) is a solution that can be used in the air handling units to reduce 
the energy consumption during the summer period, both in residential and commercial applications.  
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In this system, the exhaust air, at ambient conditions, is humidified with water sprayed by the nozzles installed in 
proximity of the heat exchanger entrance; at the same time, the supply air, at outdoor temperature and humidity, is 
cooled down by the fresh and humid air of the opposite side. 

Nowadays there are a lot of ongoing research activities about the IEC solutions; at the moment, main works have 
focused on studying prototypes [1, 7, 8] or particular operative conditions [5, 6]. Anyway there aren’t works 
analyzing performance of IEC systems based on cross flow plate heat exchangers in typical summer conditions. 

 
Nomenclature 

AHE,net Heat exchanger net cross section area, m2 
cp Specific heat, J kg-1 K-1 
Cw Wettability coefficient, - 
feva  Fraction of the adsorbed water, - 
h Net channel height, m 
hM Convective mass transfer coefficient, kg s-1 m-2 
hT Convective heat transfer coefficient, W K-1 m-2 
kW Plate conductivity, W m-1 K-1 
L Net heat exchanger length, m 
ṁ Specific mass flow rate, kg s-1 m-2 
NHE Number of heat exchanger plates, - 
pt Heat exchanger plates pitch, m 
Q̇ Flow rate, m³ h-1 
Q̇w Water flow rate sprayed on the heat exchanger, l h-1 
T Temperature, °C 
v Velocity, m s-1 
x Primary air flow direction, m 
X Humidity ratio, kg kg-1 
y Secondary air flow direction, m 
   
Greek symbols 
δ Heat exchanger plates thickness, mm 
ΔT Temperature difference, °C 
ε Heat exchanger effectiveness, - 
εwb Wet bulb IEC effectiveness, - 
ρ Density, kg m-3 
σ Wettability factor, - 
φ Relative humidity, - 
   
Subscript   
a Air 
ex Exhaust air 
HE Heat Exchanger 
in Inlet 
out Outlet 
su Supply air 
W Wall heat exchanger plates 
wb Wet bulb temperature 
 
Superscript  
N In reference conditions (ρ = 1,2 kg m-3) 
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