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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

Acoustic Doppler current profilers (ADCPs) are commonly used to assess mean currents and turbulence at energetic sites. Since
2014, five-beam ADCP configurations have become more common, but conventional analysis of turbulence properties is still based
on the four-beam Janus configuration. We use measurements from a single site to investigate improved estimates of turbulent
kinetic energy (TKE) that are made possible by the addition of a fifth vertical beam. We conclude that four-beam estimates of
TKE are suitable in most cases, and exhibit lower variance than five-beam estimates, but are more prone to contamination by wave
activity.
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Nomenclature

B′m fluctuation velocity along the direction of the mth ADCP beam
HS significant wave height
k turbulent kinetic energy density
k4, k5estimates of k obtained with four- and five-beam ADCP configurations
u′i component of fluctuation velocity along the ith spatial dimension
θ angle of inclination for off-vertical ADCP beams
ξ fraction of turbulent kinetic energy contained in vertical fluctuations
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Fig. 1. Simplified diagram of upward-looking five-beam ADCP showing beam layout. Blue beams are also present in conventional four-beam Janus
configuration.

1. Introduction

Tidal energy converters (TECs) are renewable energy devices that transfer the kinetic energy of tidal currents
into electricity, with most designs using similar principles to conventional horizontal-axis wind turbines. However,
the marine environment in which they are deployed and operated poses its own set of technical hurdles that must
be addressed [1, 2, 3]. Tidal current turbulence, defined as the fine-scale fluctuations in mean flow manifesting as
discrete eddies and vortices caused by topographic, bathymetric and frictional effects, is one of these challenges,
and an important consideration for the development of TECs due to its impact on loading, reliability and fatigue
[4, 5]. Ocean turbulence differs from atmospheric turbulence as the oceans surface acts as an upper-bound, where
surface waves propagate, which can increase turbulence by introducing additional mass and momentum to the flow
[6]. Therefore, knowledge of turbulence at tidal energy sites is of crucial importance for the design of resilient and
efficient TECs.

Acoustic Doppler current profilers (ADCPs) are one of the most widely-used tools for measuring properties of
marine flows, including turbulence characteristics. ADCPs use the Doppler shift in the echoes of pings along directed
acoustic beams to measure flow velocities [7]. The specifics of an ADCP model and its deployment will vary according
to the needs of a particular measurement campaign; however, for highly energetic sites suitable for TECs the standard
is to use an upward-looking ADCP with three or four diverging beams [8, 9, 10]. Five-beam ADCPs are similar to
the conventional four-beam Janus configuration (cf. figure 1), but with the addition of a vertical beam. Such devices
have seen occasional use for approximately a decade [11], but have only recently become widely available as off-the-
shelf instruments. In this paper, we examine how measurements of turbulence parameters may be improved by the
additional data available from a fifth ADCP beam.

Each ADCP beam samples a single component of velocity from separate locations, so it is not possible to get direct
measurements of the full turbulence velocity field at any given point. However, under certain assumptions regarding
the flow statistics across the sampled area, it is possible to calculate some parameters of the turbulence.

1.1. Instrument deployment

All data presented in this paper is taken from a deployment of an RDI Sentinel V five-beam acoustic Doppler
current profiler (ADCP) near the West Anglesey Demonstration Zone (WADZ) off the Welsh coast (UK) between
19/9/14 and 19/11/14; a map of the deployment zone is shown in figure 2. Concurrently with this deployment, a
directional wave buoy measured significant wave height and period approximately 2 km to the south of the ADCP
location. Water depth at the ADCPs location varied between 41.1 m and 46.2 m through the deployment period, and
peak spring currents were 2.48 ms−1. There was a blanking distance of 1.89 m between the instrument and the first bin,
and subsequent bins had a vertical separation of 0.6 m. The ADCP collected fifteen minutes of data every hour; during
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