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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

Smart city development that encourages more bicycles on the road will pave way for a city with an energy-efficient transport. In
this direction, the current work involves developing a cycling comfort matrix based on computational fluid dynamics (CFD). CFD
simulations of an urban layout (Niigata city in Japan) under different meteorological conditions (wind directions) enables us to
measure cycling comfort through: (a) the Predicted Mean Vote (PMV) a thermal comfort measure and (b) the Turbulence Intensity
(TI). Work involves validation of CFD wind prediction with measured experimental data. Results show that during the summer
time, the higher wind velocity regions will provide thermal comfort to cyclist (near-zero PMV regions), but such zones also tend
to have higher TI (due to high gradients near the buildings at high wind speed) which may be unsafe. This work has the prospect
of both aiding in planning of new cycle routes and developing smart urban building layouts.
c© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the CISBAT 2017 International Conference Future Buildings &
Districts Energy Efficiency from Nano to Urban Scale.

Keywords: Cycling; Smart City; Comfort; CFD; Predicted Mean Vote; Turbulence.

1. Introduction and objective

A smart city development will need to cater for cleaner and energy efficient transit mediums amidst increase in
transport demands from ensuing population growth. To meet these challenges, the smart-city planning authorities
would like to develop a city in such a way that the growth in road traffic volumes is absorbed by sustainable transport
modes with less car usage (i.e. through a combination of cycling, walking and public transports). Bicycling is con-
sidered as one of the most energy-efficient machines for transport, but strong wind conditions arising due to building
layouts,land-use and terrain features can make this experience uncomfortable. Currently, smart city planners do not
have any objective module to connect the land-use categories, existing and planned cycling routes with meteorolog-
ical factors like wind. There is a scope to make cycling smarter and comfortable by understanding the influence of
changing urban microclimate (like wind conditions and meteorological factors) during city development. The current
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work aims to show case a ”cycling comfort matrix” to assess which cycling routes may face difficulties due to (a)
changing micro-climate (wind conditions) and (b) urban development. The development of cycling comfort matrix is
with the long-term intention to make cycling smarter as cyclists can track comfort associated with cycling routes and
make decisions. The work involves conducting micro-scale CFD simulations of a realistic urban area incorporating
building layout and nearby terrain features under different meteorological conditions and different urban development
scenarios, and analyse the results for developing the cycling comfort matrix. Current literature status shows that a
cyclist’s perception of dynamic comfort has received scant attention in the scientific community [1]. Ayachi’s survey
[1] with 244 respondents helped us to understand that a cyclists comfort are guided by certain qualities related to the
bicycle components, the road and external conditions (e.g. weather, temperature). To help quantify and measure some
of these external conditions, we propose a cycling comfort matrix with two parameters (turbulent intensity and pre-
dicted mean vote) which utilizes the wind data computed from hi-fidelity micro-scale simulations involving building.
The methods and approach are described below in detail.

2. Approach and Methods

Computational fluid dynamics (CFD) simulations provides us with information on wind velocity, pressure, turbu-
lence and temperature in a micro-scale urban surroundings. This information can help us to develop a cycling comfort
matrix. The details of numerical techniques and set-up for simulations are given below:

(a) Geometry and Mesh

A
B

C

(b) Measurement point locations

Fig. 1. Layout and Computational domain

2.1. Domain of Analysis

CFD simulations have been conducted over a scaled down (1/250th scale of the original) Niigata urban landscape
(see figure 1). The urban landscape here is an actual city block in the Niigata city,Japan involving several low-rise
houses jammed closely together with some high rise buildings (a 60m high Building A and two 18m high buildings B
and C) as seen in figure 1). The cycling paths are along the roads besides the buildings in the city. The wind tunnel
experiments are also conducted at 1/250th scale of actual model [2] and the data are available for validation of the
CFD (see locations of measurement points in figure 1. This validation and geometry was earlier simulated by using
k-ε model [2]. In this work, we use a k−ω SST turbulence model[3] based on Reynolds Averaged Navier-Stokes. For
brevity, the equations are not described here. The wind inlet conditions for wind tunnel are represented by a power law
exponent of 0.25 and the results are used to validate the CFD measurements. Scalar wind velocities at 8mm above the
wind tunnel floor (2m above the ground surface in real scale) were measured by multi-point thermistor anemometers.
The building walls are treated as a no-slip boundary and employs a wall function based on Spalding’s law [4] that
gives a continuous kinematic viscosity profile to the wall over wide range of y+. This is required because the average
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