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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 

This paper focuses on the psychological, social, and spatial factors of residents of retrofitted dwellings in the City-zen project. The 
results of this exploratory survey showed that pro-environmental behaviour could be predicted from behavioural control, 
behavioural norm, and place identity, explaining 40% of the total variance in pro-environmental behaviour. Secondly, results show 
large differences between private home owners and social housing residents on demographic, house and neighbourhood, and 
psychological and social level. Factors predicting pro-environmental behaviour differed largely between these two groups. One 
implication is that interventions to promote pro-environmental behaviour should be better attuned to the particular social groups. 
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1. Introduction 

Ambitious goals such as zero net energy buildings and zero net urban areas will change the relationships that 
physical structures have within cities, and in turn change the relationships that occupants (full or part-time) have with 
buildings, cities, and one another. It may act as a facilitator, lowering barriers to participation and increasing the speed 
and frequency of exchange. Large scale application of (smart) technologies based on renewable sources in household 
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dwellings is a frequently claimed way to cut CO2-emissions and decrease energy consumption. Composite measures 
of sustainability provide useful insights to the environmental impacts associated with human activities, but, in 
themselves, are not the solutions for abandoning traditional paradigms [1]. New sustainable technologies are 
continually being developed, but the assimilation by society often falters. There is a matter of the so-called 
‘Collingridge dilemma’: If a technology is still young, the social implications are largely unknown and if the social 
implications are known, the technology is indebted in such a way that it is impossible to adapt it to the desires of the 
different actors [2]. Three knowledge-systems play a part, which can be described in terms of ‘technology’, ‘culture’ 
(behaviour, needs), and ‘structure’ (institutions, economics, etc.) [1]. 

In many cases, when planning and evaluating sustainable renovations and building retrofits, mainly technical and 
structural (economic) factors are considered. However, this neglects the sociological fact that humans are malleable 
and conditioned by their social environment, and not just the natural environment. Human behaviour is primarily 
influenced by societal norms rather than immutable natural laws [3]. Moreover, citizens and stakeholders often make 
the decisions for sustainable measures and how to respond to them during use. Therefore, cultural factors (personal 
and social factors) should also be accounted for in sustainable developments. Furthermore, when psychological, use(r) 
related effects are not taken into account, it may cause predicted energy targets to fail. An example of this is the 
rebound effect, where users change their behaviour compared to the previous situation, resulting in a performance gap 
[4]. Thus, people may increase their energy demand due to their perception of the retrofit by increasing the temperature 
in their homes when for instance extra insulation is installed. Duijvestein observed this in the residential district of 
Nieuwland in the Dutch city of Amersfoort, as well as in some other environment-minded housing projects [5]. Users 
thought that they can use more energy since this was generated from renewable sources anyway [5]. Such adapted 
behaviour will cause the predicted energy targets under the assumption of equal user behaviour not to be achieved.  

This demonstrates the need to be aware that the total energy reduction is the result of both technology and behaviour. 
Unlike all other organisms, humans are self-aware of their actions and can adjust behaviours accordingly. 
‘Reflexibility’, or the use of critical intelligence and commitment in an environmental, aesthetic, or socio-political 
way for the design of environmental-technical and spatial processes, can be achieved through the participation of users 
in the design, construction, and management of the built environment [3]. Personal responsibility, environmental 
awareness, critical thinking, co-creation, and communal well-being will be integral to the participation of users in the 
developmental process towards more sustainable living. Therefore, the interdependent relation between technology 
and behaviour is fundamental in the transition towards a more sustainable city. To this day, established players like 
governments, housing corporations, and energy companies have had difficulty facilitating the transition to such a 
sustainable society. Technology and behaviour need to be understood in relationship to each other, focusing firstly on 
the citizens/residents, and effects between the two to increase sustainability in the city environment [6]. The main 
question for the presented research is: What psychological and social factors determine the difference in pro-
environmental behaviour? From here, we may get insights in how to motivate people to take more sustainable measures 
or to start an (sustainable) initiative of their own.  

The presented paper explores the psychological and social factors (cultural factors) of the residents of renovated 
dwellings within the City-Zen project. The City-zen project aims to develop and demonstrate energy efficient cities, 
and to build a methodology and tools for cities, industries, and citizens towards a sustainable, self-sufficient 
community by implementing a set of essential changes. Part of the City-zen project is the provision of subsidies for 
the sustainable retrofits of around 800 dwellings in Amsterdam in the Netherlands and 500 dwellings in Grenoble in 
France. This paper will focus on the preliminary results of the first 45 retrofitted dwellings (both social housing projects 
and privately owned homes) in Amsterdam in the context of the theory of planned behaviour, social identity theory, 
and place attachment. 

The theory of planned behaviour is a well-studied and frequently-used theory originally formulated by Ajzen in 
1985 to improve the prediction of behaviour from beliefs [7]. Following the theory of planned behaviour, behaviour 
is the result of behavioural intention, if the intention is under actual control of the person. This intention in turn is the 
result of a trade-off of subjective (behavioural) norms, behavioural attitudes, and perceived behavioural control [8]. 
Applying the theory of planned behaviour to pro-environmental behaviour, the behaviour should be socially accepted 
by people whose opinion is valued (behavioural norm). It should result in something ‘I find desirable’ (behavioural 
attitude), and ‘I should perceive myself to be able to do so’ (behavioural control). According to the theory of planned 
behaviour, these behavioural attitudes develop from the beliefs people hold about that particular behaviour [8,9]. For 
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