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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 

Multi-functional and advanced building envelopes can provide step-change improvements in the energy efficiency and economic 
value of new and refurbished buildings, while improving the wellbeing of building occupants. 
The scope of this work was to analyze the performance of different window configurations on indoor climate and to identify the 
most effective strategies for improvements. 
This work investigated different strategies to improve thermal comfort in a case study by optimizing the responsiveness of the 
building skin by applying control strategies for cooling with natural ventilation and the use of automatically controlled shading 
devices. 
This case study of a single-family house is located in the mountainous region of Norway. The results focus on summer temperatures 
and overheating, and daylight levels in the different rooms. Four rooms were found to be most critical for overheating during 
summer and the results confirm large number of hours with operative temperatures above 27˚C in these zones. The results show 
that several rooms show high temperatures in summer, even with sun protection glass (type 2 and 3) and external screen (type 4 
and 5). Cooling by natural ventilation by opening windows shows good results and proved to be effective in providing good summer 
comfort conditions. This has implications for the design and especially the choice of glazing and shading in residential buildings. 
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1. Introduction 

 Multi-functional and advanced building envelopes can provide step-change improvements in the energy efficiency 
and economic value of new and refurbished buildings, while improving the wellbeing of building occupants. They 
therefore represent a significant and viable contribution to meeting the EU 2020 targets [1]. Advances in building 
performance design of nZEB, buildings that produce more energy than they use, clearly show the need for more focus 
on the building performance design which minimizes total energy needs in the operation of the building and with 
minimal material use.  

In highly insulated and airtight residential buildings, a dedicated outdoor air ventilation system with a balanced 
mechanical ventilation system with heat recovery is used for providing air. The need for window ventilation is 
supposed to be substantially reduced or even eliminated [2; 3]. Changes in heating and ventilation strategy and require 
a thorough investigation and evaluation of the impact on the indoor climate, which comprises of the indoor air quality 
and thermal comfort. Recent studies found that there are higher temperatures in new residential buildings [3].  

A central role can be dedicated to the building skin that needs to be to the highest degree responsive to their 
environment. This requires new approaches of adaptive building skins that instead of providing static performance 
parameter are able to adapt the physical properties and in that way optimize the overall performance of the building. 
One option for adaptation could be the use of automatically controlled shading devices that control heat fluxes through 
the window in dynamic way [4]. But also opening windows to allow for ventilative cooling can be considered a 
dynamic adaptive strategy [5; 6; 7]. Previously reported results confirm that shading of windows and opening windows 
can help to reduce discomfort during summer periods [11]. 

1.1. Objectives 

The scope of this work was to analyze the performance of different window configurations on indoor climate and 
to identify the most effective strategies for improvements. The main focus was put on controlling solar shading and 
natural ventilation. For a single-family house, for different glazing types and different external screens operative 
temperatures and daylight levels needed to evaluated. 

2. Methodology 

This work investigated different strategies to improve thermal comfort in a newly designed single-family house by 
applying a responsive and adaptive building skin based on: 

 Use of automatically controlled shading devices 
 Applying control strategies for Natural ventilation 
 
Daylight factors (DF) will not be affected as they are calculated for deactivated screens (overcast sky). It will 

however still reduce daylight availability in the zones since the screen is activated as a solar shading. The effect of 
daylight availability has been calculated. The hourly illuminance values for a 80 cm high working surface were plotted 
for each zone. 

     Table 1. Areas of building elements and their thermal properties. 

Building element  Area, A  Thermal transmittance,  Heat loss, U*A  % of total  
 [m2] U [W/(m2 K)] [W/K]  
walls 299.56  0.13  39.63  27.04  

roof  99.21  0.15  15.01  10.24  

floor towards ground  87.17  0.07  6.16  4.20  

floor towards outside  6.65  0.10  0.66  0.45  

windows 63.04  0.83  52.54  35.85  

doors  4.53  1.09  4.91  3.35  

thermal bridges     27.64  18.86  
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