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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 

In the next decades, buildings and infrastructure will be exposed to significantly different climatic strains than they are today. Still, 
building standards and design guidelines presuppose use of historic weather data. Thus, we need a point of departure for the support 
of decision-making aimed at reducing risk and climate vulnerability in the built environment. We therefore propose a new climate 
adaptation framework in compliance with the Norwegian Planning and Building Act; A general framework for climate adaptation 
and moisture-resilient buildings, tailor-made for implementation in both national and international standards, certification schemes 
and design guidelines. 
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1. Introduction 

Karl and Trenberth [1] stated more than ten years ago “We are venturing into the unknown with climate, and its 
associated impacts could be quite disruptive”. Norway’s vulnerability will be influenced by impacts from global scale 
climate change, even though the country is considered to have a high adaptive capacity, based on macro-level 
indicators such as wealth, technology, information, skills, infrastructure, institutions, equity, empowerment, and ability 
to spread risk [2], [3], [4]. Historically, location-specific climate data have only to a very limited extent been applied 
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systematically for design purposes, life cycle assessments, and climate differentiation of the suitability of a given 
technical solution in a given climate.  

Still, building standards and design guidelines presuppose use of historic weather data - 10 years after the 
finalization of the Norwegian R&D-programme Climate 2000 (2000-2007) which clearly emphasized the strong need 
for climate adaptation in light of the future risks of climate change (i.e. the use of future climate scenarios to support 
or replace guidelines based on historical climate data). Geographically dependent design and guidelines on the 
appropriateness of different solutions in different climates are needed; see e.g. [5], [6], [7], [8], [9], [10], [11] and [12]. 
The programme resulted in a stronger focus on climate adaptation in the Norwegian Planning and Building Act, but 
there is still a long way to go before we have a full understanding of climate adaptation of buildings and necessary 
methods and measures needed to handle the risks of a changing climate. 

The Norwegian Meteorological Institute states that Norway has to prepare for even more rain, more intense 
precipitation and an increase in temperatures over the next decades [13]. We are entering an era with a need for a much 
stronger focus on building physics, moisture-resilience and risk reduction measures related to potential moisture 
damage. 

This paper presents a first approach for a climate adaptation framework, to comply with the Norwegian Planning 
and Building act and funded on the Norwegian set of rules, regulations, standards and design guidelines. The principal 
objective is to establish a national framework for climate adaptation to be implemented within the Norwegian 
construction industry, and tailor-made for the existing system of performance-based regulations.  

2. National instruments and policies 

A successful implementation of adaptation policies at the national level is dependent on a few key institutions’ 
ability to initiate both government regulatory measures and local-level collective efforts to reduce climate 
vulnerability. In Norway, this would be the Directorate for Civil Protection and Emergency Planning and the 
Directorate for Building Quality. SINTEF, as an independent institution developing technical design guidelines that 
reaches out to almost all actors in the construction industry, and academic institutions like NTNU also have an 
important role to play in the development of strategies aiming at building awareness of the future risks of climate 
change and in the development of precautionary and cost beneficial adaptation measures. 

The building regulations should obviously be a central instrument in Norwegian climate adaptation policy. All 426 
municipalities of Norway must contribute to long-term adaptation measures. The Ministry of Local Government and 
Regional Development, being responsible for Norwegian building regulation enforcement, should have a leading 
position in these efforts, together with the Norwegian Ministry of Justice and the Police.  

The Directorate for Building Quality is responsible for administering and interpreting Norwegian building 
regulations, and has the authority to administer a centralized system of Approval of designers, constructors or 
controllers in the construction industry. The Directorate for Civil Protection and Emergency Planning and the 
Directorate for Building Quality have a common responsibility to initiate collective efforts by institutions to reduce 
climate vulnerability in the built environment. The development of increasingly Europeanized construction and 
construction products industries, and the continued development of Norwegian and international standards (especially 
the preparation of additional national appendices associated with the various types of climatic impact) are important 
factors to be considered.  

3. A Norwegian perspective on the need for climate adaptation 

Norway’s weather is extremely varied, the rugged topography being one of the main reasons for large local 
differences over short distances. The seasonal variations are also extreme. The climate is putting great demands on our 
buildings and infrastructure, and climate change will enhance the exposure in the years to come. Scenarios for climate 
change in Norway indicate an increased occurrence of extreme weather [13]. Together with a warmer climate, 
precipitation over parts of coastal Norway will also be more intense. The costs of increased annual maintenance of 
buildings due to climate change are estimated to amount to NOK 4.5 to 10 billion in the period 2070 to 2100 [14]. The 
increase in annual insurance payments due to water damage is estimated to exceed NOK 0.5 billion for the same 
period. By comparison, insurance payments related to water intrusion into buildings in 2015 alone were approximately 
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