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Abstract

This paper investigates solar potential in urban residential buildings at low, medium and high levels of site densities. The effects of
three major design parameters (i.e. building aspect ratio, azimuth and site coverage) on solar potential are evaluated, respectively. Solar
potential is measured, respectively, by photovoltaic (PV) and solar thermal (ST) yields per building floor space, taking into account the
effect of irradiation threshold and incidence angle of the Sun’s rays. The results show that increasing building aspect ratio tends raise
solar potential, and so does increasing site coverage. Additionally, there is a preferred range of building azimuth, under which PV yield
remains at a higher level and out of which PV yield plummets. However, ST yield is affected modestly by building azimuth. This study
also reveals that while mutual shadings may decrease PV yield by up to 50% and ST yield by up to 26% in the high-density scenario, it is
still possible for PV and ST yields to meet annual electrical and thermal demands of residential buildings, respectively, by selecting appro-
priate design parameters. Most importantly, a promising result is observed that 6-story buildings in the low-density scenario can achieve
net zero energy status when considering combined use of PV and ST.
� 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Urban residential buildings account for 46% of total
building energy consumption in China. This share will fur-
ther rise as the proportion of urban residents is expected to
increase from 53.7% in 2013 to 60% by 2020. To curb this
growing trend, one of effective strategies is to transform
buildings into energy producer (Hachem et al., 2014) by
using, such as, building integrated solar energy technolo-
gies. Thus, it is crucial to assess solar potential in urban res-
idential buildings.

Advanced in building integrated solar energy technolo-
gies provides the possibility of large-scale solar application

in urban buildings. Solar applications, such as photovoltaic
(PV) and solar thermal (ST), cannot be only integrated into
building envelope (Matuska and Sourek, 2006; Chow et al.,
2011; Cerón et al., 2013), but also be used as external sep-
aration elements, like balconies and shadings (Zhai et al.,
2008). The development of smart grid (Sechilariu et al.,
2013; Yan et al., 2013) and seasonal thermal storage (Hui
et al., 2011) can solve the spatial and temporary limitations
of PV and ST applications. The application potential of
solar energy in the stand-alone building has been well stud-
ied (Hachem et al., 2011; Urbanetz et al., 2011; Liu, 2014).
However, buildings in the urban areas cannot capture as
much solar radiation as stand-alone buildings do, due
mainly to the adverse effect of mutual shading of buildings.
Therefore, there is a need of careful evaluation of solar
potential within the urban setting before solar applications
are deployed.
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A large number of studies have concentrated on evaluat-
ing solar potential on the surfaces of the existing urban
buildings in the specific locations (Wiginton et al., 2010;
Redweik et al., 2013; Schallenberg-Rodrı́guez, 2013). How-
ever, there is a lack of focusing on new buildings, which can
harness solar energy more conveniently and effectively than
the existing buildings through detailed considerations dur-
ing the whole design process. Such studies are of great sig-
nificance, especially for the area where massive buildings
will be constructed.

Urban forms selected in early design phase have a
marked impact on final solar potential within the urban
zone. But the diversity of urban forms limits the detailed
evaluation of their effect. For simplifying urban forms,
Martin and March, as cited in Ratti et al. (2003), proposed
six generic urban forms, i.e. pavilions, slabs, terraces, ter-
race-courts, pavilion-courts and courts. The simplified
urban forms have been applied to many studies regarding
the effect of urban forms on solar potential (Cheng et al.,
2006; O’Brien et al., 2010; Kanters and Horvat, 2012). In
addition, some optimization algorithms (Kämpf and
Robinson, 2010; Kämpf et al., 2010) and comprehensive
design methodologies (Hachem et al., 2013) have been pro-
posed to appropriately design urban forms and hence max-
imize solar energy benefit. However, there is little available
general information about the effect of urban forms on
solar potential in urban buildings.

This paper aims to investigate and compare solar poten-
tial of urban residential buildings under different urban
forms affected mainly by building plane form, building azi-
muth and site coverage. The effect of these three factors on
solar potential is evaluated through performing computer
simulations at low, medium and high levels of site densities,
respectively. Irradiation thresholds and efficiency degrada-
tion for PV and ST are taken into account, to accurately
evaluate solar potential. Solar potential is measured by
annual PV and ST yields per building floor space, respec-
tively, and also by total solar yield per floor space with

combining PV and ST. In addition, solar share of building
energy demand is presented. This study highlights the great
potential of urban buildings to capture solar energy, and
provides valuable design guideline for determining proper
urban forms in the early design phase. The results from this
research can be used as a reference to set more ambitious
goals in the process of building sustainable city.

2. Methodology

The research is undertaken using the radiation model
based on Perez all-weather model (Perez et al., 1993) and
simplified radiosity algorithm (Robinson and Stone,
2004), with sample urban settings and the given weather
data as the inputs. This section first defines solar potential,
and then introduces the detailed design of urban settings
and simulation software.

2.1. Definition of solar potential

This study focuses on solar potential regarding PV and
ST, which are represented by annual PV and ST yields per
floor space (hereafter PV and ST yields for short), respec-
tively. A simple and general efficiency-based model is used
to calculate the yields of PV and ST systems, as displayed
by Eq. (1).

Y ¼ E � C � g ð1Þ

where Y, in kW h/m2, denotes annual solar yield per floor
space; E, in kW h/m2, denotes exploitable solar radiation
per floor space; C is the ratio of usable surface areas to
total building surface areas that have exploitable solar radi-
ation, here C is considered to be 75% based on the charac-
teristics of real buildings in Beijing (MOHURD, 2010) and
the related studies for high-rise residential buildings by
Kanters et al. (2014) and Schallenberg-Rodrı́guez (2013);
g denotes system efficiency.

Nomenclature

A area (m2)
C the percentage of usable area (%)
E exploitable solar radiation per floor space

(kW h/m2)
f correction factor (–)
I annual solar irradiation on the surface

(kW h/m2)
K incidence angle modifier (–)
m the number of the surfaces included in the con-

sidered domain (–)
S distance (m)
Y annual solar yield per floor space (kW h/m2)

Greek

g system efficiency (%)
h incidence angle of the Sun’s rays (�)

Subscripts

e efficiency
EW east–west direction
floor floor space
g global solar irradiation
i the index of surface
s surface
SN south–north direction
t irradiation threshold
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