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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 presents a comparison of two state-of-the-art codes that are capable of modelling floating vertical axis wind turbines 
(VAWTs) in fully coupled time-domain simulations, being the HAWC2 by DTU and the SIMO-RIFLEX-AC code by 
NTNU/MARINTEK. The comparative study focusses on the way aerodynamics, hydrodynamics and structural dynamics are 
treated for DeepWind’s 5MW Darrieus rotor mounted on a modified OC3 spar platform. The relevant modelling differences are 
described, followed by an introduction to the spar VAWT concept and selected load cases. Isolation of the aerodynamic model is 
achieved using an equivalent rigid land-based VAWT in steady wind-only environments. The added complexity in SIMO-
RIFLEX-AC’s aerodynamic model has shown to increase aerodynamic torque at tip-speed ratios above 2.5. Differences in the 
hydrodynamic and structural models were brought forward through fully coupled analyses in turbulent wind and irregular wave 
climates. It is found that the simplified mooring system in HAWC2 introduces a 2P yaw response (1P in SIMO-RIFLEX-AC), 
stronger motion coupling in surge-heave and a largely reduced mooring line tension since the dynamics of mooring lines are not 
considered. Indications are given that a higher tower mode is excited by 4P aerodynamic loading; an effect that is significantly 
stronger in HAWC2. 
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1. Introduction 

An ever-increasing demand for electricity pushes the wind energy industry to deep waters that favour floating 
concepts. Floating horizontal axis wind turbines (HAWTs) are facing the challenges of high cost of energy; as an 
alternative, floating vertical axis wind turbines (VAWTs) have the potential to reduce the cost of energy and are thus 
of great interest. The VAWT was popular in North-America during the 1970s and 1980s, in this period considerable 
efforts were made to develop the Darrieus rotor [1]. Now, interest in floating VAWTs emerges for its simple design, 
low center of gravity and independence to wind direction. Potential benefits are reduced installation and O&M costs, 
blade manufacturing through the cost-effective pultrusion technique and possibly increased power efficiency [2].  

In contrast with the conventional HAWT, the vertical axis rotor has a three dimensional swept volume that 
extends in the streamwise direction as well, which makes that a blade crosses the incoming wind flow in both the 
upstream- and downstream rotor half. The supporting platform should provide sufficient buoyancy and stability, 
which leads to a large structure with significant contribution from hydrodynamics. The mooring system is for station 
keeping and acts as a relatively soft spring compared to structural stiffness. Whilst our understanding of 
hydrodynamics and structural dynamics is fairly developed, VAWT aerodynamics is complex and introduces 
challenges with respect to load prediction. The floating VAWT system is highly dynamic and requires a fully 
coupled aero-hydro-servo-elastic simulation tool for accurate analysis. Presently only several publicly available 
codes have this capability, amongst them are the HAWC2 by DTU [3] and the SIMO-RIFLEX-AC code by 
NTNU/MARINTEK [4] that both account for aerodynamics through the Actuator Cylinder (AC) flow theory [5]. 

The work in this paper consists of a code-to-code comparison between SIMO-RIFLEX-AC and HAWC2 and is 
split to three parts: (1) demonstrating the general impact of dynamic stall, (2) illustrating the effect of different 
implementations of the AC flow theory and (3) presenting code-to-code differences in the dynamic response of a 
spar VAWT modelled in unsteady environments.  

2. Numerical simulation tools 

2.1. Aerodynamics 

The aerodynamic loads are calculated using the AC flow model originally developed by Madsen [5]. A set of 
stacked cylinders is used to build the swept volume of the VAWT rotor. For numerical implementation Madsen has 
suggested a modified linear solution to solve the 2D flow problem of the individual cylinders. The solution that is 
implemented in HAWC2 contains an additional correction factor ka for the induced velocities, as proposed by 
Madsen et al. [6]. Cheng et al. [7] further developed the model such that it accounts for the tangential loading term, 
inclination of blade elements and an additional correction to the induced velocities at higher tip-speed ratios. These 
developments are implemented in the aerodynamic model of SIMO-RIFLEX-AC. Hence the two codes correct the 
induced velocity differently, as highlighted by Fig. 1.  

Dynamic stall is a phenomenon that occurs when the flow separates from the surface of the blade. For a VAWT it 
is likely to occur at low tip-speed ratios where the angle of attack changes more rapidly. Research has shown that it 
is essential to include the effect of dynamic stall for a more accurate prediction of the aerodynamic loads [8]. Due to 
its significance and hence sensitivity, it is chosen to match SIMO-RIFLEX-AC’s dynamic stall model with the Stig 
Øye dynamic stall model implemented in HAWC2.  

   
Fig. 1. Correction factor ka in the modified linear solutions of the AC flow model. 
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