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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 article examines technological and structural solutions for walls, roofs, floors in order to find the most effective barriers for 
each material and its thickness. Selected alternative materials are mineral wool, polystyrene and polyurethane foam. Thermal 
parameters, economic and technological indicators are compared within the envelope. The optimal thickness of the envelope 
component is found by calculating every envelope option by means of test utility method. The most efficient insulation material is 
determined by the simple additive weighting (SAW) method. The optimal thickness of insulation materials: 400 mm for the roof, 
300 mm for walls and 300 mm for floors. The most effective materials are as follows: polyurethane foam for the roof, polyurethane 
foam for walls and polystyrene for floors.  
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1. Introduction  

Efficient energy use is important in modern buildings because of high energy costs and CO2 emissions. These 
reasons have led to the development of energy efficient buildings. The key factors in energy efficient building are 
insulation of partitions, their tightness and absence of thermal bridges [1].  

A modern building must be economical and use energy resources efficiently by means of modern technologies. 
Energy efficient buildings have numerous environmental, economic, and social advantages versus traditional 
buildings. At the same time there are a lot of options in the choice of insulation materials, insulation layer thickness, 
glazing and other structural elements of the building.  
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The article compares the alternative options for wall, roof and floor structures. Rock wool, polystyrene foam and 
spray-applied polyurethane foam can be alternatively used for thermal insulation. Thermal insulation materials are the 
key factor to be considered in energy efficient buildings.  

2. Applied methodology and methods  

The present paper compares envelope insulation materials used in modern buildings.  

2.1. Structural solutions for envelopes 

The paper analyses the thermal insulation solutions for a flat roof constructed on reinforced concrete slab (Figure 
1). The aim is to find the most efficient insulation material and the insulation layer thickness. The following 
alternatives were selected for the analysis: rock wool, polystyrene foam sheets and spray-applied polyurethane foam.  
 

a      b        c  
Fig. 1. Structural solutions for flat roofs: (a) rock wool; (b) polystyrene foam sheets; (c) spray-applied polyurethane foam:  

(a) 1 - Waterproofing roof coating; 2 - PAROC ROB 60, d=20 mm; 3 - PAROC ROS 30; 4 - Vapour and moisture control layer PAROC 
WMV 020 bas; 5 - Levelling layer, d>50 mm; 6 - Fall creating layer; 7 - Reinforced concrete slab; 8 - Finishing layer – plaster, d<10mm; 9 

- Fixture [2]; (b) 1 - Waterproofing roof coating; 2 - Top layer from laminated polystyrene sheets; 3 - Bottom layer from laminated 
polystyrene sheets; 4 - Vapour and moisture control; 5 - Fall forming and levelling layer; 6 - Reinforced concrete slab [3]; (c) 1 - UV 

membrane; 2 - Polyurethane foam POLIURETAN SPRAY S-403E-W; 3 - Pitch forming layer; 4 – Interlayer; 5 - Reinforced concrete slab; 
6 - Finishing layer [4]. 

 
Thermal insulation of flat roofs poses high requirements for insulating material because the roof surface must have 

resistance to various impacts such as extreme temperatures, snow, rain and wind loads. The foam sprayed on the roof 
hardens after several minutes and becomes resilient to foot traffic. Now it has to be covered with UV control layer 
[5]. 

Brick wall insulation alternatives are also analysed in order to find the most effective material and insulation layer 
thickness. The following insulation alternatives were selected: rock wool, polystyrene foam sheets and spray-applied 
polyurethane foam (Figure 2).  
 

a          b       c  
Fig. 2. Structural solutions for walls: (a) rock wool; (b) polystyrene foam sheets; (c) spray-applied polyurethane foam: (a) 1 - External 

finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Wind barrier; 4 - Thermal insulation with PAROC FAS B; 5 - Brick wall; 6 - Finishing 
layer [4]; (b) 1 - External finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Wind barrier; 4 - Thermal insulation with EPS 70; 5 - Brick 

wall; 6 - Internal finishing layer [2, 3]; (c) 1 - External finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Polyurethane foam POLIURETAN 
SPRAY S-303E-W; 4 - Brick wall; 5 - Internal finishing layer [4]. 
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a          b       c  
Fig. 2. Structural solutions for walls: (a) rock wool; (b) polystyrene foam sheets; (c) spray-applied polyurethane foam: (a) 1 - External 

finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Wind barrier; 4 - Thermal insulation with PAROC FAS B; 5 - Brick wall; 6 - Finishing 
layer [4]; (b) 1 - External finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Wind barrier; 4 - Thermal insulation with EPS 70; 5 - Brick 

wall; 6 - Internal finishing layer [2, 3]; (c) 1 - External finishing layer; 2 - Ventilated air gap, 30 mm; 3 - Polyurethane foam POLIURETAN 
SPRAY S-303E-W; 4 - Brick wall; 5 - Internal finishing layer [4]. 
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