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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 125 (2017) 180–189

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 – Division 
Energy, Resources and the Environment (ERE).
10.1016/j.egypro.2017.08.171

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 – Division 
Energy, Resources and the Environment (ERE).
10.1016/j.egypro.2017.08.171

10.1016/j.egypro.2017.08.171 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly  
2017 – Division Energy, Resources and the Environment (ERE).

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000 

 

www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 

Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 
– Division Energy, Resources and the Environment (ERE).  

European Geosciences Union General Assembly 2017, EGU 
Division Energy, Resources & Environment, ERE 

Spatiotemporal variability of marine renewable energy resources in 
Norway  

George Varlasa,b, Konstantinos Christakosc,*, Ioannis Cheliotisd, Anastasios 
Papadopoulosb, Gert-Jan Steenevelde 

aDepartment of Geography, Harokopion University of Athens (HUA), El. Venizelou Str. 70, 17671 Athens, Greece 
bInstitute of Marine Biological Resources and Inland Waters, Hellenic Centre for Marine Research (HCMR), 19013 Anavissos, Attica, Greece 

cUni Research Polytec AS, Sørhauggata 128, 5527 Haugesund, Norway 
dHellenic National Meteorological Service, 16777 Elliniko, Attica, Greece 

eMeteorology and Air Quality Section, Wageningen University, 6700AA Wageningen, The Netherlands 

Abstract 

Marine Renewable Energy (MRE) resources such as wind and wave energy depend on the complex behaviour of weather and 

climatic conditions which determine the development of MRE technologies, energy grid, supply and prices. This study 

investigates the spatiotemporal variability of MRE resources along the Norwegian coast employing NORA10 (NOrwegian 

ReAnalysis 10 km) data for the period 1957-2016. The results indicate high local mean wind and wave energy resources 

exceeding 1 kW m-2 and 40 kW m-1, respectively. We find that MRE resources undergo a positive trend over time which is 

attributed to climatic variations of cyclonic distribution, frequency and intensity. 
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1. Introduction  

Rising energy demands worldwide require efficient exploitation of renewable energy resources. It is expected 

that by 2020, 20% of the European electricity demand will be met by renewable power generation while, by 2030, a 

substantial proportion of the electricity generation would become largely decarbonised [1]. Notably, based on 
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European Union (EU) targets for 2030, the energy consumption from renewable energy resources as a proportion of 

the total energy consumption is expected to reach 24% [2].  

Marine Renewable Energy (MRE) resources such as wind and wave energy could play a key role to achieve this 

aim. More specifically, offshore areas are characterized by increased energy supply, due to the high intensity of 

wind and wave conditions [3]. Offshore wind is more intense and steady in time compared to onshore [4]. 

Additionally, there are available wide-open offshore areas in contrast with the satiated onshore areas for large-scale 

wind projects [4].  

Nevertheless, MRE resources are largely dependent on the weather and climatic conditions. The complex 

physical processes and dynamical interactions in Earth system make the successful spatiotemporal analysis and 

prediction of MRE resources a challenging issue. Moreover, it is essential to improve the understanding of MRE 

resources variability since this can determine the development of MRE technologies as well as energy grid 

infrastructure, energy supply and energy prices [5,6].  

This study envisages characterizing the spatiotemporal variability of MRE resources along the Norwegian 

coastline focusing on wind and wave energy. Norwegian coastline has been selected as study area due to high MRE 

resources [7]. This study supports the exploitation of both wind and wave energy plants providing a statistical 

energy analysis. High resolution wind and wave reanalysis data are employed to quantitatively assess the 

spatiotemporal variations and the interrelationships between the two MRE resources. As proposed by [8], long-term 

reanalysis data are usually preferred over data produced by numerical models or satellite retrievals to limit various 

degrees of uncertainties.  

2. Methodology 

2.1. Dataset 

In this study, wind and wave energy resources are estimated based on 10 offshore points covering a widespread 

area of Norwegian coast (Fig. 1). Wind and wave data are retrieved by NORA10 (NOrwegian ReAnalysis 10 km) 

data in horizontal resolution of 10 km every 3 hours for the period from September 1957 to September 2016 [9]. 

NORA10 is a combined high-resolution atmospheric downscaling and wave hindcast over the northern Atlantic 

Ocean implemented by the Norwegian Meteorological Institute. This is a downscaling of ERA-40 reanalysis data 

(until 2002) and ECMWF IFS operational analyses (after 2002) with HIRLAM model [9,10]. The wave component 

is based on WAM model forced by HIRLAM surface wind fields. Wind and wave data of NORA10 have been 

evaluated against observations presenting a good agreement [9,10].  

 

 

Fig. 1. Selected offshore points (1-10) along the Norwegian coastline 
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