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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 

With increasing requirements on reducing heat consumption and improving comfort levels of existing buildings, interior insulation 
retrofit is a hot topic for many masonry buildings. However, as the drying potential of the wall is lowered as a consequence, interior 
insulation of massive masonry walls increases the risk of moisture related problems. Therefore, carefulness is needed when 
approaching such solutions. A useful approach on evaluating moisture risks, when deciding the interior insulation design, is the 
use of hygrothermal simulations. In the present study a 2D numerical hygrothermal study has been conducted on an internally 
insulated masonry wall with a smart vapor barrier. The focus has been on comparing and discussing the options available in, and 
the challenges faced with, COMSOL Multiphysics and WUFI for this purpose. 
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Over the last couple of decades an increasing focus has been given lowering energy consumption of the existing 
building stock. Especially older masonry buildings have been, and still are, a challenge in this regard since the facades 
of these buildings often are protected for their historical and aesthetic values, limiting insulation retrofitting to the 
interior side. From a building physics point of view interior insulation creates extra concerns as it lowers the masonry 
temperature, increases risk of indoor moisture condensing in the wall, as well as reducing the drying capacity of the 
wall. Especially driving rain may be difficult to dry out again. In this perspective hygrothermal   
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Nomenclature 

cp,v specific heat capacity of vapor [J/(kg K)]  Rw specific gas constant H2O [J/(kg K)] 
cp,w specific heat capacity of water [J/(kg K)]  T Temperature [K] 
Dϕ, Dw capillary transport coefficient [kg/(m s)]  ww water moisture content [kg/m3] 
ez unit vector z-direction     
g gravity constant [m/s2]    Greek letters 
gv,j water vapor mass flux vector [kg/(m2s)]  δv vapor diffusion coefficient [kg/(m s Pa)] 
gw,j liquid water mass flux vector [kg/(m2s)]  λ thermal conductivity [W/(m K)] 
hw enthalpy of evaporation [J/kg]   ρs dry density of solid material [kg/m3] 
Kl liquid permeability coef. [kg/(m s Pa)]  ρw water density [kg/m3] 
Psat vapor saturation pressure [Pa]   ϕ relative humidity [-] 

 
simulations ensure great means to analyze how different exterior and interior climatic conditions may influence 
different structural designs, including alternative interior insulation design solutions. Hygrothermal simulation 
software has existed for a while now; nevertheless, there is still a development in this software, and new possibilities 
arise with this development and the evolution of computational capacity. Over the last decade multiphysics software 
has gained increasing interest for possibilities to combine all kinds of physics and for options which gives the user 
great flexibility in designing and optimizing physics models on one’s own. For an internally insulated masonry wall; 
especially 3D functionality and the option of adding different physics to different parts of the structure may make such 
software interesting. For instance, including models for convection and radiation in air cavities or gaps could be of 
interest, but it is a vast land of possibilities. Even though adding great benefits, multiphysics software may demand 
more of the user, as additional mistakes or pitfalls may be stumbled into compared to the dedicated hygrothermal 
software. The latter has usually been carefully validated against benchmarks, and has a more documented and fixed 
stepwise procedure for the user to follow.  

In this paper the objective has been to address the use of COMSOL Multiphysics [1] for a 2D hygrothermal 
simulation, and to do a comparison with WUFI [2]. As a simulation case a masonry wall structure with interior 
insulation, exposed to climatic conditions representable for the Nordics, has been chosen. 

2. Mathematical description of moisture and heat transport 

Transport of moisture in porous materials ordinarily encompasses vapor diffusion, due to gradients in vapor 
pressure, and capillary suction, due to gradients in suction pressure. If needed, vapor transport by air flow, due to 
gradients in air pressure, may also be included. In the current study only vapor diffusion and capillary suction have 
been included as mechanisms for moisture transport, since air flows are not present in the case looked at. A basis has 
been taken in using relative humidity (RH) as the dependent moisture transport variable. Moisture transport is in terms 
of a partial differential equation (PDE) given as (1), which is derived from the continuity equation. 
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Although many researchers have written publications on the use of COMSOL for building physics applications, 
few have explained in detail how they have set up COMSOL to solve the PDEs for a dependent variable of relative 
humidity, suction pressure or vapor pressure. One exception is van Schijndel [3] who described how the PDE were 
solved for the logarithm of the suction pressure. Such a solution effectively limits the span of orders of magnitude the 
suction pressure appears in during the numerical solving, and thereby improves the numerical solving situation greatly. 
For COMSOL this solution is a necessity in order for the numerical solver to function at high relative humidities in 
the capillary range. For a PDE based on relative humidity, the same challenge appear; however, instead of spanning 
orders of magnitude the relative humidity needs to be solved accurately as phi values approach unity, i.e. a phi value 
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