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A method of calculating urban-scale solar potential by
guantitating and evaluating the relationship between block
typology and occlusion coefficient, a case study of a city in middle

China
Abstract:

The existing macro-city-scale solar roof utilization potential assessment method is not
capable of considering the factor of mutual occlusion between urban buildings, and only
makes use to one empirical value for the entire urban rooftop potential calculation. Relevant
research shows that under different occlusion conditions, the potential of solar energy
utilization varies greatly. This paper selects urban blocks with different morphological
characteristics as the research objects, and analyses and quantifies the influencing factors of
solar potential of urban roofing. To measure the overall solar potential of the city, it is
necessary to quantify the occlusion caused by the urban environmental building roof. The
urban blocks in different types and functions of buildings have different occlusions on the
building roof. To quantify these differences, this paper uses typical high-density blocks.
Taking Wuhan as an example, a large number of urban block examples were selected as
research samples, a large number of urban block form indicators were counted, and data sets
covering six types of morphological indicators such as building density, building height,
floor-area ratio and orientation were established. The difference between the morphological
indicators of the block was used to classify the urban blocks, and then the solar radiation
simulation of the above blocks was modelled and simulated. The solar radiation values of
different blocks were obtained and combined with their morphological parameters. Linear
regression was used to obtain different roof solar occlusion factors for different block types.
They are 0.099, 0.054, and 0.025, and the overall roof occlusion coefficient of the city is

0.079.
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1. Introduction

1.1 Expansion of solar energy utilization to urban scale

The energy crisis and environmental pollution have always been major problems facing the
world and are becoming increasingly serious. Urban energy consumption is an important part
of global energy consumption evaluation. Related studies show that by 2030, 75% of energy
consumption will come from cities (Cities and Climate Change, 2010). In order to meet
people's growing demand for energy, renewable energy has become a hot topic for people to
study. Compared with other renewable energy sources, such as wind energy and geothermal
energy, solar energy is one of the few new energy sources that can be applied on a large scale
in urban environments. The development and utilization of solar energy has received extensive
attention and has been rapidly spread worldwide. Over the past decade, the global solar
photovoltaic market has grown rapidly by 50%. The International Energy Agency (IEA)
predicts that by 2050, the global share of electricity from photovoltaic (PV) systems will reach
16%. At present, the application of solar energy in single buildings has been relatively mature
(Aaditya & Mani, 2017; Technology Roadmap: Solar Photovoltaic Energy, 2010). Based on this,
research on solar energy utilization in urban environments has also begun to develop in a
continuous and large-scale manner. At the same time, research on the potential of urban solar
photovoltaic utilization in the world is quite extensive and has gradually moved towards
applications. Therefore, it is of great scientific significance and application value to carry out

research on the impact of urban-scale photovoltaic power generation utilization potential.

1.2 Existing problems in traditional methods of measuring solar photovoltaic utilisation
potential

For the calculation of traditional solar photovoltaic potential, more software has been
developed. Among these kinds of software, there is the Ladybug tool based on the Rhino and

Grasshopper platform, and the CitySim software (D. Li et al., 2015; Ouria & Sevinc, 2018).
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These kinds of software build the radiation model of the photovoltaic module (POA) by
sunlight and accumulate the solar radiation over time to obtain the annual production capacity
of the photovoltaic system. This type of method is called a method based on solar irradiance.
However, for the calculation of solar energy potential at the city scale, the time-consuming
accumulation method is too heavy and has little practical significance. For example, when
determining the location of distributed solar energy in a city, methods at the city scale include
the In My Backyard tool, the PVSITES project, and various GIS software-based methods
(Anderson et al., 2010; Espeche et al., 2017). The PVSITES project is a large-scale
photovoltaic installation and promotion project based on urban-scale solar potential

distribution.

The estimation of urban-scale solar potential uses a top-down approach, which requires
quantification of building roof area and urban environmental occlusion. Large-scale urban
roof area information can be obtained using GIS data, neural network recognition methods
for urban satellite images, and statistical methods for sampling estimation. A large number of
studies have shown that neither the solar radiation distribution at the macro scale nor the
quantification of roof area statistics is a problem (Araya-Mufioz et al., 2014; Bergamasco &
Asinari, 2011; Kaynak et al., 2018; Y. Li et al., 2016; Wiginton et al., 2010). However, the
quantification of urban environmental occlusion often lacks attention in the estimation of

large-scale solar energy potential.

The quantification of the impact of dynamic shadow occlusion on solar energy between
buildings is often not considered or only a unified empirical value is taken into consideration.
The concept of occlusion and available roof area is used to introduce the concept of
installation factors. Salvador Izquierdo et al. analyzed the roof installation factors of 17 types
of buildings in Spain and found that the installation factor of roofs in Spain is about 0.78, but

their research did not distinguish the types of buildings (Izquierdo et al., 2008); Luca
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Bergamasco et al., in the photovoltaic utilization potential, classified the roof installation
factors according to buildings, where the roof installation factors of residential and industrial
plants were taken as 0.7 and 0.9, respectively (Bergamasco & Asinari, 2011). However, no
systematic independent consideration of the impact of occlusion issues on solar potential has
been accounted for. Considering that the city is a complex environment, the distribution of
solar radiation affected by the occlusion problem is very uneven (Lobaccaro & Frontini,
2014), and the determination of the occlusion factor in the traditional method lacks a certain
science. The dynamic shadow occlusion of the building surface has a great impact on solar
energy utilization, which makes it difficult for the traditional large-scale quantification
method of solar radiation on the building surface to treat streets with different occlusion

conditions fairly, so it is difficult to play a role in actual planning and utilization.

1.3. Review of the research on the relationship between block morphology and block

solar energy shielding

Occlusion is ignored because of the many influencing factors affecting the potential of solar
photovoltaic utilization in cities. The environmental occlusion of a block is affected by the
difference in weather conditions and the shape of the block, which is one of the most difficult
factors to quantify. Among them, Taehoon Hong et al. studied the photovoltaic utilization
potential of Gangnam District, Seoul, and estimated the photovoltaic utilization potential of
the entire neighborhood. It was found that under the condition of real neighborhoods, the
impact of blockages on photovoltaic utilization potential varies greatly. However, it is only
described as an example (Hong et al., 2017). Kanters used the simulation software, Ecotect,
to study the impact of urban density, land area, floor area ratio, and orientation on the use of
shaded solar energy generated by the setting according to the two indicators of photovoltaic

potential and power satisfaction rate. It is found that if the design is not reasonable, the solar
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potential will decrease by 10% ~ 75% (Kanters, Wall, & Dubois, 2014; Kanters, Wall, &
Kjellsson, 2014). These studies show that due to differences in climatic conditions, block
shapes, density, and building spacing, the potential for solar energy caused by the mutual
block between buildings in the blocks is significantly different. However, the occlusion of the
block is not systematically analyzed according to the block type. Since the same types of city
blocks have similar morphology, and the occlusion conditions caused by the morphology also
have similarities, the typology classification of city blocks can be performed first, and the
occlusion analysis for different types of blocks can be effective by simplifying calculations

and making city data more accessible.

The clustering method is used to classify the blocks through the classification and calculation
of the morphological parameters of different blocks in the city, and then carrying out a
systematic research on each type of block, which can quickly and truly reflect the occlusion
of the block in the city. Cluster analysis is an exploratory data analysis tool whose purpose is
to organize a set of items (usually represented as a vector of quantitative values in a
multidimensional space) into clusters to make the items in a given cluster highly similar (de
Souza & de Carvalho, 2004), and belonging to different clusters has a high degree of
similarity. In the study of urban air pollutants, Jing Zhang et al. used the K-means clustering
algorithm to analyze the air pollutant types and proportion data, and obtained a cluster
analysis of 74 cities in China (Zhang et al., 2016). Li Xinyi et al. combined the city's 2D
satellite images and 3D building information and applied cluster analysis to the prototype
classification of residential buildings to obtain the spatial distribution of different types of
residential buildings in the city and the energy distribution characteristics of urban residential
buildings (X. Li et al., 2018). The clustering method can classify a large amount of data with

similarity and has high reliability.
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It is necessary to quantify the occlusion impact according to the block type, and then quickly
obtain the amount of solar radiation available on the building surface through the building
surface area, and evaluate the power generation potential of distributed photovoltaic energy
on urban buildings, which has an important role in improving energy efficiency and

optimizing the energy structure of cities.

The purpose of this study is to solve the problem of mutual occlusion and neglect between the
built environments in the calculation of urban-scale solar photovoltaic utilization potential.
Based on the morphological characteristics of the city blocks, a clustering algorithm is used
to classify them. The research can obtain the corresponding shielding coefficients and realize
the problem of obtaining the spatial distribution characteristics of the solar photovoltaic
utilization potential in the middle of the city through the shielding coefficients, and provide

the basis for the overall solar building planning in the city.

2. Dataset and Methods

In this paper, the research on urban block occlusion is carried out in five steps [Fig.1].

The first step is to obtain real block sample data. At this stage, field surveys, satellite maps,
and street view pictures are used to obtain multidimensional parameters of city blocks, and a

database is established based on various block morphological index types.

The second step is to classify the blocks. At this stage, the clustering algorithm is used to
classify the blocks according to their morphological indicators, and the block types are

analysed based on the classification results.

The third step is to calculate the solar radiation value of the above block. This step obtains

data by using software simulation on the block model. The fourth step is to calculate and
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analyse the average occlusion coefficient of different types of streets. This step uses a linear

regression method.

The fifth step is to divide the shielding area of the central urban area of Wuhan according to

the calculation results of Part 4, and modify the solar radiation potential value.

Field Research Google Maps Street View
Stepl: Urban Block . :
Dataset Construction : Dataset of shape containing
‘ 88 urban blocks
Step2: Urban block K-means algorithm
classification through 3
Clustering algorithm Result of Classification
T = o v
3D modeling by Rhino
v
; . Simulation by using
Step3: O,bta.m the RADIANCE integrated on
solar mdl_anon 9‘1 Grasshopper
roofs by simulation v
Result of solar radiation on
............................................... rOO&
Step4: Calculating »| Linear Regression ways [«
Occlusion coefficient -
by linear regression Occlusion coefficient

result of blocks

TOVEN STONN

Step5: Dividing the shielding
. areas of Wuhan
qurgctlon of splaf -
radiation potential in Correcting solar
urban areas radiation result

Fig.1 Schematic of the analysis workflow.



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

2.1 Acquisition of real block sample data

2.1.1 Urban block data

In this paper, within 88 selected districts with different morphological characteristics in
Wuhan's electoral districts, the actual measurement and 3D buildings are used to obtain the
real urban block. The case is to provide a data set for studying the urban roofing occlusion
coefficient through research on representative cases. Therefore, the selection of urban block

examples in this study follows three principles:

» Satisfy the diversity of block layout morphological characteristics: The diversity of block

morphological characteristics includes the diversity of planar layout patterns and the diversity
of height layout patterns. The selection on the diversity of the planar layout form includes
determinants, courtyards, dislocations, etc. The diversity of the height layout form includes

the bottom, multilayer, high-rise, and high-low staggered layout of urban blocks.

« Satisfy the diversity of urban area distribution: The selected urban blocks cover the central
area of the city to the periphery of the city. The difference in urban spatial form caused by
this urban area distribution is often reflected in the building density, such as the high density

of the city centre, and low density in the suburbs.

« Satisfy the diversity of the architectural functions of the block: The function of a specific

city block often determines the shape of the city block. This article covers the selection of
city block cases, covering different types of functions such as industrial blocks, commercial

blocks, residential blocks, schools, and institutions.
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2.1.2 Classification indicators of urban blocks

In previous studies, the influencing factors that control the type characteristics of the block
are: Site Area(SA), Gross Floor Area(GFA), Building Volume(BV), Building Footprint
Area(BFA), Envelope Surface Area(ESA), Building Perimeter(BP), Number of Buildings,

Building Orientation, Building Height(BH), Building Density(BD), BSA/BV, BP/BFA.

Comprehensively considering the land use indicators considered in the relevant literature and
whether they are easy to obtain (Dekay & Brown, 2001; Montavon, 2010; Wei et al., 2015),
this study considers the impact of 5 morphological index factors on the statistics of 88 block

samples:

* Building height (BH): the vertical distance from the building roof to the ground. For the

block, this study counts the average building height of the buildings in the block;

* Building density (BD): the ratio of the projected area of the building to the total area of the

block;

« Building Surface area/Building Volume (BSA/BV): the ratio of the building's external

surface area to the building's volume;

* Building Perimeter/ Building Footprint Area (BP/BFA): the ratio of the total length of the

building's outer contour to the building's floor area;

* Floor area ratio (FAR): the ratio of the total area of all floors of a building to the total area

of the block.

In this paper, a large number of blocks with different morphological characteristics are selected
as samples in typical cities for actual measurement and 3D modelling, and a data set is

established. [A1]
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2.2 Calculation method of solar radiation based on simulation

Traditionally, the radiation measurement method is to obtain the total radiation sensor.
However, it is difficult to install sensors on a large scale on real urban street roofs.
Simultaneously, the actual measurement methods are difficult to carry out on a large scale.
Therefore, it is necessary to use simulation methods to measure the radiation in the real
environment. For the calculation of solar radiation on roofs in urban blocks, the key to
simulation is the setting of boundary parameters and whether the parameters are suitable for
the urban and meteorological environment of the study area. Therefore, the accuracy of the

simulation software needs to be verified.

Urban block solar simulation has three parts: urban block 3D modelling tool, solar simulation
tool and simulation results visualization tool. In this study, the 3D model of the urban block
model used was on Rhinoceros 6.0, and the solar simulation tool selected was the Radiance
radiation simulation software which is widely used. This software uses the Perez diffusion
radiation model (Perez et al., 1987, 1990) and has had many successful applications (Jakubiec
& Reinhart, 2013; Reinhart & Walkenhorst, 2001). Integrated into Rhinoceros 6.0, the
Ladybug & Honeybee plug-in of the Grasshopper visual programming platform built in

Rhinoceros 6.0 is used for the operation and visualization of measurement results.

2.3 Clustering algorithm

In this study, the K-means algorithm was used to perform a cluster analysis on five types of
morphological data and radiation per unit area of building roofs in 88 blocks, and the block

samples were divided into three block types.

Cluster analysis refers to the classification of samples based on individual characteristics, so

individuals in the same category will have a high degree of homogeneity, while individuals in
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different categories will have a high degree of heterogeneity. Through this method, multiple

classification of indicators, and the classification characteristics of samples can be expressed

intuitively.

The Fig.2 shows the code implementation of the K-means algorithm used in this study.

File Edit View Insert Cell Kernel Widgets Help
B+ = A B A+ HET B C W v =

In [18]:  def kmeans(k, epsilon=0, distance= euclidian’):
history centroids = []
if distance = "euclidian’ :
dizt_method = euclidian
dataset = load dataset( dwrndataszet. txt’ )
# daraset = davaset . O davaset shepefiJ - 1F
num_instances, num_features = dataset. shape
prototypes = dataset[np.random.ra.nd.int(l:l, mum_instances — 1, size=k)]
history centroids. append(prototypes)
prototypes_old = np. zeros(prototy‘pes. shape:ll
belongs_to = np. zeros((nwn_instances, 13}
norm = dist_metho&(prototypes, prototy‘pes_old)
iteration =0
while norm » epsilon:
iteration += 1
norm = dist_method(prototypes, prototy‘pes_old)
prototypes_old = prototypes
for index_instance, instance 1n enwnerate(dataset):
dist_vec = np. zeros((k, 1))
for index_prototype, prototype inm enu.merate(prototypes):
dizt_vec[index prototvpe] = dist_method(protatype,
instance)

belongs_to[index_instance, U] = np. argmin(dist_vec)

tmp_prototypes = np. zeros((k, num_featu.res))

for index in rangellen(prototypes)):
instances close = [i for i im range(len(belongs to)) if belomgzs_to[i] = index]
prototype = np. mean(dataset[instances_close], anis=)
# protetype = deteser/ng randem. randint(¢ nuy insranees, szze=i)i0S7
tmp_prototypes[index, :] = prototvpe

prototypes = tmp_prototypes

histery_centroids. append(tmp_prototypes)

# plotidataser, Arstery eentrords fefongs tol

return prototypes, history_centroids, belonzs_to

Fig.2 Clustering Algorithm Code
2.4 Calculation method of solar occlusion coefficient
The total solar roof radiation in urban blocks is positively related to the building roof area in

urban blocks. Therefore, a linear regression algorithm can be used to obtain a linear

regression model of solar roof radiation in urban blocks. Since different types of streets have
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different occlusions on the roof, the difference reflected in the linear regression model is the
slope of the regression curve. Therefore, the slope of the regression curve can be used to

calculate the solar occlusion coefficient of urban roofs.

A commonly used method for calculating solar radiation uses the three factors that affect the
solar radiation on the roof to multiply by linear correlation. The calculation formula is as

follows:

Rrotar = Sroof X Rynit X (1 —NoF)

In this formula, R, is the available solar radiation on the roof of the block; S, is the
available solar roof area on the block; Ry ,;; is the amount of solar radiation per unit area
under unblocking conditions; n, is the block coefficient of the block, where the block
coefficient n,p is a measure of the coefficient of urban block environment on the occlusion
of a building roof. The value ranges from 0 to 1, where the larger the value, the more severe

the occlusion of the roof in this area.

In this study, in order to determine the occlusion coefficient value n, under different street
types, a linear regression method was used. By performing linear regression on the Ryt
and S, values of the block samples, the occlusion coefficient 1, of the block is

calculated. The specific calculation formula is as follows:

Nor =1— B/BOrigin

In the formula, nyF is the occlusion coefficient of the street, B is the slope of the curve after
linear regression analysis, and By, 4;n is the slope value of the curve under the condition of

no occlusion, which is equivalent to Ry,;; in value.
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By analysing different block types, the occlusion coefficient 1, of different block types can
be obtained, and the regression analysis of all samples is capable of obtaining the average

occlusion coefficient of the entire city.



257 3. Results

258 3.1 City block classification based on clustering algorithm
259 Inthis study, the Python scripting language was used to implement the clustering algorithm in
260 the Jupyter Notebook development environment. After the 88 city block samples were
261  classified according to the characteristics of the five indicators, three different differences in
262 the urban form indicators were obtained. Clustering algorithm data results and visual
263

classification results are shown in Fig.3 and Fig.4.
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According to the classification results of the clustering algorithm, 88 urban block samples are
divided into 3 different types. By analysing the corresponding indicators of these three
categories, the corresponding three types of urban blocks are summarized (Table 2). The

characteristics are as follows:

Table 2
Cluster Algorithm Classification Result Statistics

Cluster : 2 3
miaips BH BD ESA/BY BP/BFA FAR
Type

Cluster 0 Low & Middl« High Low Low Middle

Cluster | High | Middle Middle Higl

Cluster 2 % Middle High

H1ih Low

Cluster0: low-rise or middle-rise, high-density blocks, represented by industrial plants and middle-high

rise residential areas(24M<BH<60M);

Cluster 1: high-rise, low-density block, represented by commercial complexes and office buildings;

Cluster 2: Low-rise, medium-density block, represented by multi-storey residential areas (BH<24M).

3.2 Calculation of solar energy utilization potential occlusion coefficient in different
types of blocks

Since different types of urban blocks have different potentials for solar energy utilization, after
classification of urban blocks, three different types have been obtained. This section separately
measures the amount of solar radiation from the roof of these three types of urban blocks, using
linear regression. The method obtains the roof solar radiation regression model of the
corresponding type of urban block, and finally calculates the roof solar occlusion coefficient

of the type of block.

3.2.1 Linear regression analysis verification
Through linear simulation of roof solar energy in 88 real urban blocks, and linear regression
calculation of solar radiation amount and block building density of roof unit area, linear

regression analysis was carried out for three different types of urban blocks, and the overall



287

288

289

290

201

292

293

294

295

296

linear regression analysis was carried out in 88 urban blocks. The overall regression curves and
correlation coefficients of the three types of blocks and urban blocks were obtained as follows

(Fig.5, Table 3).
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Fig.5 Linear Regression Curve
Table 3
Regression Curve and Correlation Coefficient Statistics
Type Curve Slope R?
Cluster 0 1235. 8 0. 8997
Cluster 1 1049. 2 0. 9856
Cluster 2 1061. 2 0. 9822
Total 1093. 7 0. 9437

The study found that in the three types of urban blocks, because the degree of occlusion of
different types of urban block roofs is different, the slope of the regression curve is different,
and the correlation R2 of the regression curve is about 0.9, so It is proved that the general linear
model is applicable to the regression analysis of solar radiation quantity and building density

of the roof unit area.
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3.2.2 Estimation of occlusion coefficient

The solar occlusion coefficient is calculated by calculating the solar opacity coefficient of the
radiation amount and the building density regression curve of the roof unit area of three
different types of blocks and sample populations (Table 4). It is found that the difference of
roof solar occlusion coefficient of different types of blocks is obvious, for cluster 1, 2, and 3,
the roof solar occlusion coefficient averages are 0.099, 0.054, 0.025 for the city's overall 88
urban block samples, the calculated roof solar occlusion coefficient average is 0.079, that is,
the city's overall average. The roof will obstruct 8% of the solar energy, and the remaining 92%

of the solar energy will be used by roofing solar installations.

Table 4
Occlusion Coefficient with Block Type
C}l;;t:r Feature Curve Slope Occlusion Coefficient Block Type
< Middle and Low Rise; e S Industrial Block; Middle-
Cluster 0 High Density 12358 0.099 High rise reidential Areas
, High Rise; Low y e Commercial Complexes,
Clugterd Density 10992 0024 Office Builidings
w Rise; M 3 3 Multi-store ssidentiz
Cluster 2 Low R se Middle 1061.2 0.025 Multi-storey ‘Rfudf ntial
Density Areas
Total - 10937 0.079 -

For the cluster O block, that is, the middle and low-rise high-density blocks represented by
industrial plants and middle-high rise residential areas(24M<BH<60M), the average occlusion

coefficient is 0.099;

For the cluster 1 block, that is, the high-rise low density represented by commercial complexes

and office buildings, the average occlusion coefficient is 0.054;

For the cluster 2 block, that is, a low-density medium-density block represented by multi-storey

residential areas (BH<24M), the average occlusion coefficient is 0.025; (Fig.6)
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Fig.6 Block Type Models of Clustering Results

In summary, the occlusion coefficient of the three types of blocks is less discrete, so when
calculating the solar energy application potential of the corresponding block, the average value

of the corresponding occlusion coefficient can be used for calculation.

For the city as a whole, the overall occlusion coefficient is close to the average level of 0.079,
but in the city scale measurement, when the roof occlusion coefficient needs to be simplified,

the value can be used to simplify the calculation.

3.3 Calculate solar energy utilization potential at macro city scale based on occlusion
coefficient

3.3.1 Using open source channels to obtain the roof area of Hongshan District in Wuhan
City

Taking Hongshan District in Wuhan as an example, this paper estimates the potential of
photovoltaic utilization in Hongshan District. The study area and recognition result are shown

in Fig.7 and Fig.8
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Fig.7 The Range of Hongshan District Fig.8 Recognition Result of Study Area

The red line is the range of Hongshan District in Wuhan, which is defined by the Wuhan City
Master Plan (2006-2020)(Wuhan Natural Resources and Planning Bureau, 2011). The urban
area of Hongshan District is 480 square kilometres. Using the open source Wuhan GIS map
file to calculate the roof area of Hongshan District, the total available roof area of Hongshan

District is 41380900 m2.

3.3.2 Blocking the urban area of Hongshan District based on the obtained occlusion
coefficient
Then the measured corresponding type roof occlusion coefficient was used to simplify the

calculation of the overall occlusion of the city.

In the urban three-dimensional GIS file for different plots of the city, they were classified into
different types of occlusion coefficients, and were assigned to different occlusion coefficients
in calculating the overall solar photovoltaic utilization potential of the urban scale as shown in

Fig.9.
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Fig.9 Occlusion Coefficient Visualization

Blue represents low occlusion (0.025), i.e. the cluster 2 block, whilst black represents medium
occlusion (0.054), i.e. the cluster 1 block, and orange represents severe occlusion (0.099), i.e.
the cluster 0 block, where the overall occlusion coefficient is 0.079. but in the city scale
measurement, when the roof occlusion coefficient needs to be simplified, the value can be used

to simplify the calculation.

3.3.3 Correcting the urban solar radiation according to the occlusion coefficient
In this section, in the setting of the calculation parameters, the annual radiation per unit area of
Hongshan District is 1150 kWh/m2/year. After correcting, the total roof solar radiation in

Hongshan District is 45208.30 GWh/year.
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4. Applicable analysis and Theory

4.1. Occlusion coefficient applicability verification

This study is based on the study of solar occlusion coefficient in real city blocks in Wuhan. It
measures the solar occlusion coefficient of urban roofs for different types of blocks and cities.
However, whether the roof occlusion coefficient measured in the urban environment of Wuhan

is applicable to the whole world needs to be verified and analysed.

In terms of differences in urban meteorological conditions, the factors affecting the urban roof
occlusion coefficient are mainly the solar elevation angle, that is, the solar elevation angle
decreases with increasing latitude, and the roof solar occlusion coefficient decreases under the
same urban form, in order to verify the urban roof due to differences in urban meteorological
conditions. The influence of the solar occlusion coefficient is verified by the solar radiation
simulation method in 11 major cities in the world. The verification model is selected from a
typical urban block belongs to cluster 2 in Wuhan and is carried out under different
meteorological conditions. The roof solar radiation simulation simulates and measures the roof

solar occlusion coefficient. (Table 5)

Table 5
Occlusion Coefficient Verifying Result Of 11 Main City in The World

Case Block Occlusion

Number City Name Latitude
Number
1 Singapore 13 0.018073705
2 Bangkok 134 0.018194803
3 Mumbai 18.5 0.023502853
4 Beijing 39.9 0.045298833
5 Cairo 30 0.025726544
6 Shanghai 31.1 0.03294302
7 New York 40.4 0.037121775
8 Paris 48,5 0.037112789
9 London 51.3 0.044234758
10 Sydney -33.8 0.014304145
11 Rio de Janeiro -22.5 0.01363006
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In this study, the occlusion coefficient is calculated for 11 major cities in different latitudes in
the world (Fig.10). The calculated R-squared value is 0.8673, which indicates that in different
latitude urban environments, it can be considered that the roof solar occlusion coefficient is
linearly positively correlated by meteorological conditions. According to the calculation, in the
same city form, the roof solar occlusion in the northern area will be higher than that in the south.
The relationship between the meteorological and occlusion coefficients makes it possible to

calculate other urban occlusions according to the Wuhan occlusion coefficient

0.025

L2

<) o

0.015 © s

Case Block Occlusion Number

-40 -20 0 20 40 60

Latitude

Fig.10 Linear Regression Curve

4.2 Conclusion

This paper proposes a method to quantify the problem of block occlusion in the use of solar energy.
Then take Wuhan City as an example to use the obtained occlusion coefficient type to classify the
relevant urban roofs and calculate the total solar energy potential of the city. Compared with occlusion,
the city will produce 7% error, especially in the low-rise high-density block or the high-rise office block

occlusion coefficient will cause 10% error.

In typical high-density cities, urban block types have commonalities, so the occlusion coefficients of

different types of blocks proposed in this paper have certain applicability. There are differences in the
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solar occlusion coefficients of different types of blocks. They are weak occlusion (0.01 occlusion
coefficient) represented by industrial type blocks, middle occlusion (blocking coefficient 0.04)
represented by middle and high-rise residential areas, and high occlusion represented by commercial

type blocks (the occlusion factor is 0.13).

As far as the city as a whole is concerned, the urban block environment has different influences on the
roofing of the city depending on the block. In different cities around the world, the roof solar occlusion
coefficient is linearly positively correlated with the climatic conditions. The roof occlusion coefficient
in Wuhan can be that it provides reference for the calculation of roof solar energy utilization in other
cities around the world. This paper calculates in Wuhan area and provides reference for occlusion

coefficient for solar energy measurement in other high-density cities.
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