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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 

Density of urban form may be achieved under a variety of morphological designs that do not rely on tallness alone. Tall buildings 
have implications on the broader urban environment and infrastructure that lower buildings would not have, e.g. wind effects, sight-
lines, or over-shading. They may also have an impact on energy use for reasons of buildings-physics, construction, and occupant 
practices. This study uses a statistical approach of neighbourhood level data to analyse the impact of building morphology (e.g. 
height, volume and density) on energy demand in 12 local authorities in London.  The research shows that areas marked by tall 
buildings use more gas after adjusting for exposures surface area, volume, number of residents and other features. The implication 
for energy policy and planning is building taller without increasing density may have an energy penalty. 
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the scientific committee of the CISBAT 2017 International 
Conference – Future Buildings & Districts – Energy Efficiency from Nano to Urban Scale. 

Keywords: Type your keywords here, separated by semicolons ;  

 

 
* Corresponding author. Tel.: +44-203-108-5982. 

E-mail address: i.hamilton@ucl.ac.uk 

 

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 CISBAT 2017 International Conference – Future Buildings & Districts – 
Energy Efficiency from Nano to Urban Scale.  

CISBAT 2017 International Conference – Future Buildings & Districts – Energy Efficiency from 
Nano to Urban Scale, CISBAT 2017 6-8 September 2017, Lausanne, Switzerland 

All the way to the top! The energy implications of building tall 
cities 

Ian Hamiltona*, Stephen Evansa, Philip Steadmana, Daniel Godoy-Shimizua, Michael 
Donnb, Homeira Shayesteha and Graciela Morenoa 

aUCL Energy Institute, Unversity College London, 14 Upper Woburn Place, London WC1H 0NN, UK 
bUniversity of Victoria, Wellington 6140, NZ 

Abstract 

Density of urban form may be achieved under a variety of morphological designs that do not rely on tallness alone. Tall buildings 
have implications on the broader urban environment and infrastructure that lower buildings would not have, e.g. wind effects, sight-
lines, or over-shading. They may also have an impact on energy use for reasons of buildings-physics, construction, and occupant 
practices. This study uses a statistical approach of neighbourhood level data to analyse the impact of building morphology (e.g. 
height, volume and density) on energy demand in 12 local authorities in London.  The research shows that areas marked by tall 
buildings use more gas after adjusting for exposures surface area, volume, number of residents and other features. The implication 
for energy policy and planning is building taller without increasing density may have an energy penalty. 
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the scientific committee of the CISBAT 2017 International 
Conference – Future Buildings & Districts – Energy Efficiency from Nano to Urban Scale. 

Keywords: Type your keywords here, separated by semicolons ;  

 

 
* Corresponding author. Tel.: +44-203-108-5982. 

E-mail address: i.hamilton@ucl.ac.uk 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.07.302&domain=pdf


494 Ian Hamilton et al. / Energy Procedia 122 (2017) 493–498
2 Ian Hamilton et al. / Energy Procedia 00 (2017) 000–000 

1. Introduction 

At the extreme, achieving a high urban density relies on buildings being closer together and taller. However, while 
tall buildings may be a necessity in areas of highly constrained land availability (e.g. Hong Kong or Manhattan), they 
are often also driven for other reasons such as prestige, profit motivation, economics of productivity and creativity 
among others.  However, tall buildings by themselves are not necessary to increase density in most cities. Instead, 
density of urban form may be achieved under a variety of morphological designs that do not rely on tallness alone [1].  
Many cities have restrictions on over-shading, massing, street setbacks, and sightlines that impact on the height of 
building form or its development location.  London, for example, has all of these requirements and has led select areas 
of the city to experience high-rise growth.  In London’s case, there are cultural and visual sensitivities to tall buildings 
that have prioritized the creation of a skyline aesthetic where such buildings are ‘deemed to be appropriate’ but is 
recognized that tall buildings would not necessarily prevent suburban sprawl nor achieve higher densities than those 
of mid- or low-rise development [2]. 

Tall buildings have implications on the broader urban environment and infrastructure that lower buildings would 
not have, e.g. wind effects, sight-lines, or over-shading.[3,4]  Several older cities around the world have experienced 
intense development overtop aging infrastructure that have meant significant investment is needed to maintain service 
and minimize the impact of increasing density and building height. They may also have an impact on energy use due 
to reasons of building-physics (e.g. wind exposure, temperature differences, unobstructed solar gains), infrastructure 
and construction (e.g. ventilation methods, heating system types), and occupant practices (e.g. window opening, 
lighting). There are also challenges around the embodied energy of building taller with the addition of more floors 
relating to higher embodied energy compared with lower buildings [5,6]. 

From a city level energy performance perspective, what might the impact of building height, at equivalent levels 
of density, have on energy demand?  A recent study for London found that there was a positive relationship between 
energy demand in non-residential buildings and building plan depth, with areas characterized by deeper plan buildings 
using more electricity [7].  However, the study did not look at height of buildings for equivalent densities. 

In this study we focus on London, which is an example of city with considerable growth pressures (estimated 10 
million people by 2036)[8], has an urban form with a range of building heights, and is characterized by areas with 
considerable variation in urban density.  London offers an interesting setting to examine the relationship between 
urban density and energy demand. In this study, we focus on the following research questions: 

 How does building height vary across London? 
 How does energy demand vary in areas characterized by different building heights? 
 Do areas with taller buildings use more / less energy than areas characterized with less-tall buildings? 
 What neighbourhood-level built environment factors affect energy demand in areas of tall / less-tall buildings? 

2. Method 

To address the above questions, an ecological study design is used to determine the variation in residential building 
height at the neighbourhood level and any association between indicators/measures of building tallness and energy 
demand. 12 local authorities in Greater London are used to examine the association between density and energy 
demand using data compiled on urban morphology, energy use and socio-economic features. They are Camden, City 
of London, Hackney, Hammersmith and Fulham, Islington, Kensington and Chelsea, Lambeth, Lewisham, 
Southwark, Tower Hamlets, Wandsworth, and Westminster.  The study focuses on residential dwellings due to the 
constraints of available non-residential energy and socio-economic data. The study uses the lower super output area 
(LSOA) as the unit of analysis.  An LSOA is a statistical geographic unit of analysis typically comprising an average 
of 650 households and 1500 people and is designed for both spatial compactness and social homogeneity. In this 
research, LSOA and ‘neighbourhood’ are used inter-changeably.   

The study methods included: 

 Calculating building height and density using detailed LiDAR data for all buildings within the study area; 
 Classifying the height and density of the buildings in the local authorities to create a morphological description; 



Download	English	Version:

https://daneshyari.com/en/article/5444868

Download	Persian	Version:

https://daneshyari.com/article/5444868

Daneshyari.com

https://daneshyari.com/en/article/5444868
https://daneshyari.com/article/5444868
https://daneshyari.com/

