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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

The energy demand of cities is highly influenced by urban planning parameters such as urban density and land use. These 
parameters are mostly determined during early stages of planning. However, the relationships between urban planning parameters 
and energy systems of districts are rarely incorporated. This paper aims to identify trade-offs between urban density, land use and 
share of renewable energy sources (RES). For this, we used a Mixed Integer Linear Programming formulation. The model is applied 
to a real case study of urban planning in Singapore. The results show that when the required share of RES increases from 20% to 
70%, the maximum achievable density (floor area ratio) decreases from 32.2 to 2.9 with purely residential land use. While 
maximizing the self-consumption of electricity produced by PV panels, the resulting land uses are more diverse. These results 
provide urban planners with constraints from the perspective of energy performance of a district.
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1. Introduction

The immediate importance of environmental targets and urbanization pose serious challenges for designing future 
cities. Energy system designers need to set limitations to attend a growing energy demand while addressing aspects 
of sustainability [1]. In this context, the renewable energy potential and the efficiency of energy systems may define 
the maximum energy that could be supplied to urban areas. 

Extensive research has been focusing on establishing the links between urban planning and design parameters and 
building energy demand reduction at the district scale [2]–[4]. The urban form not only influences the energy demand 
of buildings but also the performance of energy supply systems. For instance, tall buildings could increase shading on
other building surfaces for solar energy harnessing. Furthermore, the photovoltaic (PV) electricity production 
determines the amount of renewable energy supplied to districts in cities, and this would constrain the population 
density and distribution of buildings if certain environmental targets are imposed. Some studies have tested such
constraints on land uses [5] and density [6] imposed by urban energy supply systems. In a densely populated city like 
Singapore, space availability is one of the key drivers for conversion technology selection. Rooftop areas are limited 
due cooling tower installations that could otherwise be used to install solar panels. In this context, district cooling with 
centralized cooling plants has the advantage of increasing chiller conversion efficiencies and rooftop areas for solar 
panels. In the Master Plan of Singapore, land uses and urban density (floor area ratio (FAR)), are the two main 
parameters that could restrict the performance of energy systems.

This paper identifies the relationship between urban planning parameters and energy and environmental targets. 
This entails setting up thresholds of urban density and land use that attain a maximum penetration of renewable energy 
sources (RES). Section 2.1 describes the case study and inputs of the MILP formulation. Section 2.2 describes the 
MILP formulation. Section 3 compares the different optimization objectives and metrics. Section 4 concludes with 
highlights, shortcomings, and potential future work.

Fig. 1 (a) Real map of the case study site and (b) abstracted map with layout of the cells and the building footprint (podium pattern) in each cell.

2. Material and method

2.1 Description of case study

The authority of Singapore is planning to relocate the Tanjong Pagar container terminal (Fig. 1a) leaving a
greenfield of 200 hectares for development. The site is located right off the gateway of the central business district.
The project will become part of the major access point to the sea from the center of the city. In this study, a part of the
buildable area of the site was divided into 49 homogenous cells (squares) with a size of 100 meters by 100 meters 
(Fig. 1b). Based on a survey to 602 blocks in six mixed-use Singapore regional centers, we gave the blocks a podium 
building pattern, which is referred in Fig. 1b. We further assumed all the blocks in the case study site adopt this 
building pattern with a site coverage ratio of 0.45. For land uses, we adopted the most common ones of the Singapore 
Master Plan in this research, which are residential, office, and commercial. Industrial use is less likely to appear on 
this site, therefore, was not included. The respective hourly energy demand profiles for weekdays and weekend days 
in Singapore are depicted in Fig. 2 [7]–[10]. Since Singapore is located in the tropics, it is assumed that the space 
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