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Optimizing research of block-scale urban renewal
project based on summer’s microclimate and thermal comfort
simulation -- case study of Shanghai

ABSTRACT

Under the background of global climate change and rapid
development of cities, urban climate problems are increasingly prominent,
resulting in the deterioration of urban environment. Taking Shanghai as an
example, with the rapid development in recent decades, the land in the
central urban area is becoming increasingly saturated. In the future, on the
one hand, the land will change from incremental development to stock
development; on the other hand, due to the deterioration of urban
environment, urban renewal will be an effective means to guide urban
development. In recent years, the urban extreme climate occurs frequently,
and the bad outdoor environment microclimate in summer seriously affects
the outdoor thermal comfort and pedestrian activities. However, in the
traditional urban renewal methods, the quantitative simulation method is
rarely used to analyze the microclimate of the block. This paper focuses on
the situation of urban microclimate and outdoor thermal comfort under the
hot and humid weather in summer. Firstly, by analyzing the correlation
between urban block factors and microclimate of scholars at home and
abroad, as well as the block microclimate research of different cases, it
summarizes the urban renewal strategy based on microclimate
optimization, and then combines the characteristics of urban renewal
projects in Shanghai, through urban renewal Envi-met quantitative
simulation of the city microclimate software focuses on how to
systematically guide the urban renewal and development of Shanghai
through the strategy of microclimate and thermal comfort, and discusses
the environmental factors of block construction, project management



Thesis of Double Degree Program from Politecnico di Milano

process and other aspects, and studies two different types of urban renewal
projects, Caoyang village and Shanghai Music Valley, as examples of
pre-evaluation projects, also taking the planning and design scheme of a
waste land near the Bund as a case of post evaluation of urban renewal
project. The purpose is to study the characteristics and problems of
microclimate environment, this paper puts forward strategies and
optimization methods for microclimate and thermal comfort of blocks.
Finally, according to the different renewal methods of Shanghai urban
renewal project, the optimizing strategies and methods of microclimate and
thermal comfort in planning, design and management process in Shanghai
are summarized.

KEY WORDS: Microclimate, Thermal comfort, Block-scale, Urban
renewal, Envi-met
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Chapter one: Introduction

1.1 Background
1.1.1 Urban climate

At present, China is in the period of rapid development of cities. In the process of
high-speed and high-intensity development, the problems of urban climate and physical
environment are becoming increasingly serious, which further affects the ecological
and sustainable development of cities. The impact of large-scale construction on urban
environment changes land use and urban underlying surface properties in urban
development, resulting in the urban heat island effect. At the same time, due to the large
amount of heat produced by industrial production, daily life, automobile exhaust, etc.,
the temperature of urban environment has increased, further aggravating the bad urban
climate.

Urban climate has become a global concern. The urban climate environment
makes the economic and social development face major challenges. Taking Shanghai as
an example, due to the aggravation of urban climate problems, the climate conditions in
summer continue to deteriorate. According to statistics, the frequency of extreme high
temperature weather days in Shanghai has increased significantly in recent years [1]-
The deterioration of city climate leads to the frequent occurrence of extreme weather
day. It not only has a serious impact on Residents' daily life, but also directly causes
incidence rate of respiratory diseases, cardiovascular diseases and other related
diseases.

With the increasing urgency of urban climate issues, many scholars began to
combine urban planning and design with climate related issues. For example, from the
perspective of global climate change, the research progress of adaptive planning to deal
with climate change in many countries was studied [2].The methods to deal with urban
climate problems are usually divided into mitigation strategies and adaptation strategies.
Mitigation strategies are mainly realized by reducing human emissions, while
adaptation strategies are mainly realized by improving urban spatial morphology and
optimizing urban ecology [3].

1.1.2 Urban renewal and development of Shanghai

Since the 1980s, Shanghai has experienced a period of large-scale development
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and rapid expansion of the city. In the process of rapid development of the city, there
are many urban problems. Compared with the newly built urban blocks in the process
of large-scale urban construction, the construction quality, supporting services and
facilities of the old urban blocks are obviously backward, and the old urban blocks are
gradually declining. Nowadays, Shanghai has gradually entered a new stage of
high-quality development by rethinking and exploring the urban development and
strengthening the control of large-scale urban construction. At present, the land supply
in Shanghai is very tight. The city's plan proposes to control the zero increment of
construction land in 2020, and the scale of land use will be controlled within 3226
square kilometers. The speed of large-scale urban construction has slowed down due to
land, policy and other factors. As a result, the current situation of the dilapidated old
blocks in Shanghai and the slow down urban construction speed have brought new
opportunities to the urban renewal of Shanghai. At present, Shanghai has clearly
pointed out that the city will transform from incremental development to stock
development. There are many types of urban renewal projects in Shanghai, including
old industrial land, old town, old residential area, old shantytown, old commercial
office area, waterfront space, etc. the overall urban renewal volume is very large. In
2014, Shanghai municipal government issued the guiding opinions on the preparation
of a new round of urban master plan in Shanghai and several opinions on further
improving the level of land conservation and intensive use in this city, which clearly
put forward the requirements of "total locking, incremental decline, stock optimization,
flow efficiency increase, quality improvement"[4].

1.1.3 Microclimate and thermal comfort

Urban microclimate is a study between urban climatology and architectural
climatology, involving many disciplines such as climatology, physical geography, urban
planning and so on. According to the related literature, the microclimate of urban block
is mainly affected by four aspects, namely, regional climate conditions, urban
morphology characteristics, urban ecological characteristics and human heat emissions
[5].Different characteristics of urban blocks will produce different physical
environment conditions under the influence of the same regional climate conditions.
The microclimate will be affected by the air temperature, relative humidity and other
aspects of the block.

The thermal comfort of urban outdoor space is closely related to people's daily
work and life. The quality of outdoor thermal comfort directly affects people's feeling
and physical and mental health in outdoor space. Many factors, such as air temperature,
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relative humidity, wind speed and average radiation temperature, will affect people's
thermal comfort in outdoor space. At present, PMV (predicted mean vote) model,
PMV-PPD (predicted percentage of dissatisfied) modified model, physiological
equivalent temperature pet (physical equivalent temperature), universal thermal climate
(UTCI) are widely used in thermal comfort evaluation indexes Index), standard
effective temperature, etc [5]. In recent years, many scholars have carried out relevant
research on microclimate and thermal comfort. Through the simulation of many factors,
such as the form of built environment, vegetation, water body, surface materials, etc., to
study the impact on the outdoor microclimate and pedestrian thermal comfort in
summer [6]. The simulation research on outdoor thermal comfort has also been carried
out in other regions of the world, and the relevant evaluation methods have been
reviewed and summarized, and the future research direction has been put forward [7].

In the long run, the sustainable development of the city is inseparable from the
high-quality urban environment. Microclimate and thermal comfort have a close impact
on the quality of urban outdoor environment, as well as people's satisfaction with
outdoor environment in life, work and other aspects.

1.1.4 Computer numerical simulation technology

With the rapid development of computer technology, the research on urban
environment is not limited to field measurement, questionnaire survey, experience
summary and other ways. More and more computer numerical simulation technology is
used. Through quantitative simulation and analysis of various physical environment
factors, more scientific basis is provided for urban planning and design. With its
powerful simulation and data processing capabilities, as well as its flexible and efficient
features, the computer numerical simulation technology has the advantages that field
measurement, research and other methods do not have, and will become the main
means to study the urban microclimate in the future. Moreover, the application scope of
computer numerical simulation technology has now covered the macro and medium
aspects from urban planning and design to single building design Multiple scales such
as view and micro scale[8].

1.2 Research purpose and significance
1.2.1 Research purpose

Urban renewal is the only way for a city to develop to a certain stage. At present,
Shanghai is in an important stage of urban renewal, and the total volume of renewal is
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very large. The success of each urban renewal project will have an important impact on
the development of its neighborhood and even the whole city. With the deterioration of
urban climate in summer, the microclimate and thermal comfort of the block scale
directly affect people's daily life. By combining microclimate and thermal comfort with
urban renewal project in Shanghai, the optimization methods of urban renewal project
in planning, design and management process are put forward. The purpose of this paper
IS to provide microclimate and thermal comfort simulation methods and relevant
strategies and suggestions for planners, designers, urban managers and other groups.

1.2.2 Research significance

The purpose of block planning and design of high quality urban environment
should be to achieve the comprehensive environmental comfort of blocks. Whether the
city is livable is directly related to the quality of urban outdoor space. Creating a good
outdoor urban environment is an important content in the process of urban renewal [9].
The research on urban microclimate and thermal comfort started late in China.
Although China gradually began to pay attention to the requirements of urban
environmental quality in the process of urban development, put forward the
development concept such as ecological city, and required the coordinated development
of urban construction and environment, the current relevant standards and analysis
methods are not comprehensive, and the planning and design strategies generally stay
in the qualitative analysis stage.

Based on the summer microclimate and thermal comfort, this paper systematically
puts forward the optimization strategy of microclimate and thermal comfort through the
study of urban renewal project in Shanghai, and puts forward strategies and suggestions
on the planning, design, management process and other aspects of urban renewal
project, which is of great significance to guide the scientific development of urban
renewal in Shanghai.

1.3 Research progress at home and abroad
1.3.1 Research progress of urban microclimate and thermal comfort

For urban planning designers, controllable factors are the key points to improve
urban microclimate and thermal comfort through planning and design methods, mainly
including urban block construction factors and urban block ecological characteristics.
Urban block building factors mainly include building layout type, building density,
building height, sky angle coefficient and other factors to represent the geometric
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characteristics of urban block space, as well as factors such as paving material, building
facade material and building roof material to represent the surface material type of
urban block. The ecological characteristics of urban blocks mainly include green space
rate, green layout, water layout and other factors [5]. In the research of urban
microclimate and thermal comfort at home and abroad, the single or comprehensive
factors of controllable factors are mostly studied.
(1) Spatial geometry, microclimate and thermal comfort
The difference of microclimate factors caused by the different spatial geometric
characteristics of urban blocks results in different wind and heat environments.
Mohammad taleghani (2015) studied the spatial form, microclimate and thermal
comfort of various urban blocks in the Netherlands [10]. Zhao Dong (2016) studied the
influence of spatial form of residential quarters on Microclimate [11]. Yuan Chao (2010)
took Hong Kong as an example to study how to deal with the urban heat island effect
under the premise of maintaining the land utilization rate by adjusting the building
density and building height in the high-density urban environment [12]. Li Han (2016)
studied how architectural layout patterns affect microclimate [13]. Tania Sharmin (2017)
focused on the effects of aspect ratio and sky angle coefficient on microclimate and
thermal comfort [14].
(2) Surface material type, microclimate and thermal comfort
Different ground, building facade and roof materials of urban blocks will affect
the heat storage capacity and the ability of reflecting radiant heat of the blocks,
resulting in different microclimate conditions of the blocks. Salman shooshtarian (2018)
and Mohammad (2018) proposed to use permeable, light colored and appropriate
reflectivity ground materials to optimize the microclimate of the block. For the building
facade and roof, although the material will produce more radiant heat due to reflection,
the light color and high reflectivity building facade and roof material can reduce the
surface temperature and the air temperature of the nearby space, so most studies still
recommend the use of green facade, green roof and other ways are more conducive to
the building of microclimate in the block[15,16].
(3) Ecological characteristics, microclimate and thermal comfort
In terms of the ecological characteristics of urban blocks, a number of studies have
confirmed the role of green space and trees in improving microclimate and thermal
comfort of blocks. Chen Cheng (2015) found that with the increase of greening rate, the
air temperature of the block will approach a certain value, and the microclimate impact
of roof greening on pedestrian height will decrease with the increase of building height
[17]. Yue Xiaozhi (2018) proposed to optimize the microclimate environment by
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increasing roof greening and other ways without changing the green space rate [18].
Zhang Wei (2015) and Ma Xiaoyang (2014) studied the influence of different green
space layout and types on microclimate through quantitative analysis [19,20]. Chen Yu
(2006) studied the impact of urban parks on the thermal environment through testing
and simulation, and believed that urban parks not only have an optimization effect on
their own microclimate, but also have a favorable impact on the surrounding built-up
environment microclimate [21]. Teresa zolch (2016) found that trees have better
influence on microclimate than roof and wall greening due to the shadow effect, but it
can still improve the urban thermal environment through roof and wall greening if
necessary [22]. Song Xiaocheng (2011) studied the impact of rivers on urban
microclimate, and found that the regulation of rivers on the surrounding environment
microclimate is related to river width, wind direction and other factors, and is subject to
the difference in the distance between buildings and rivers and the layout of buildings
[23].
(4) Comprehensive factors, microclimate and thermal comfort

Guo Linlin (2017) reviewed the progress and limitations of microclimate research
at the block scale in China, and believed that the quantitative control of factors
affecting microclimate can improve the effect of design strategies, and the microclimate
research on the built environment needs to be increased [24]. Li Yue (2018) found the
importance of floor area ratio, building density and building height on the microclimate
of typical blocks in Shanghai. However, for the built blocks, the adjustment of details
can still be used to optimize the microclimate [25]. Mohamad Fahmy (2009) studied
how to improve the thermal comfort environment of a city block in Cairo [26]. Xu
Mengjie (2017) studied how to create green travel in urban blocks through
microclimate improvement with the example of Lingang ecological demonstration area
[27]. Rao Junquan (2015) established the evaluation index system of thermal
environment and thermal comfort based on the study of thermal environment
evaluation of block scale in Guangzhou, and found that building density and floor
number are the most sensitive factors to thermal environment evaluation index [28].
Yupeng Wang (2015) put forward corresponding strategies to slow down the heat island
by simulating and analyzing three plots with different characteristics in Canada [29].
Liao Shijia (2012) focused on how to reduce the heat island effect of block scale
through planning strategies [30]. Zheng Zihao (2016) combined urban 3D modeling
with urban microclimate simulation, and pointed out the advantages of this analysis and
simulation method [31]. Ariane middel (2013) demonstrated that block design based on
microclimate improvement strategy can effectively improve the quality of microclimate
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and thermal comfort of block [32]. Lin Man(2013) studied the relationship between
multiple factors and microclimate and thermal comfort in a typical residential area in
Guangzhou [33]. Qin Wencui (2015) studied the influence of building layout, green
layout and other factors on microclimate by simulation [34]. Li Lingshu et al. (2016)
studied the impact of vegetation, street trend, street height to width ratio and other
factors on the microclimate and thermal comfort environment of streets in summer
[35].. Kristian Fabbri (2017) studied the microclimate distribution of three different
vegetation in an archaeological area in Russia, Italy, in winter and summer [36]. Hamed
Farhadi (2019) studied the improvement strategies of various factors through the
simulation analysis of vegetation, building orientation, materials and other factors, so
as to reduce the heat island effect [37]. Ferdinando Salata (2017) studied measures to
alleviate outdoor microclimate by simulating factors such as vegetation and ground
material properties [38].

1.3.2 Research progress on the combination of urban renewal with urban microclimate
and thermal comfort

In the current research, the application of urban microclimate and thermal comfort
is mostly simulated and analyzed by practical cases, and the improvement strategies of
planning and design are put forward. Wang pin (2013) summarized the impact of
current multiple factors on urban microclimate and the combination of urban climate
and urban planning [39]. Lenghong (2014) referred to the experience of many countries
in the world, and proposed that urban planning and design should be combined with
microclimate environment optimization [40]. Lu Xingsheng (2018) obtained outdoor
thermal comfort index by simulating a certain area of Shijingshan in Beijing, and
proposed the method of landscape planning in urban renewal according to the
distribution of thermal comfort index [41]. Li Xiaojun (2014) focused on the study of
wind environment and analyzed the methods of urban renewal in a certain region of
Shenzhen [42]. Peng Yi (2015) proposed strategies for urban renewal in terms of
building layout, air duct design, green configuration, etc. through the simulation of
wind and heat environment in the old urban area of Dazhimen, Wuhan [43]. Zheng Jian
(2017) studied the current situation of the wind and heat environment in the traditional
streets of Zhaoqing Fucheng through the method of multi factor scoring, and proposed
the optimization and renewal scheme according to the wind and heat environment
simulation [44]. Shiyuan (2012) proposed the optimization strategy of urban design in
this area by simulating the outdoor environment of Xidan commercial street in winter
and summer in Beijing [45]. Deng Shichao (2014) proposed the green renewal strategy
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of urban blocks from the aspects of physical environment, energy consumption,
operation management, etc [46]. Wang Zhen (2008) proposed the overall layout
strategy of urban blocks by simulating and analyzing the floor gap of blocks in hot
summer and cold winter areas, and thought that the design strategy should focus on the
dominant wind direction in summer when it can not be considered in summer and
winter [47]. Tathiane A.L. Martins (2016) studied the influence of vegetation, water,
building form, materials and other factors on outdoor microclimate and pedestrian
thermal comfort, and proposed corresponding urban cold island design strategies [48].
Evyatar erell (2008) comprehensively studied many factors of coping with urban
climate in the process of urban design, and related optimization methods and
applications [49].

1.3.3 Literature summary

At present, the urban microclimate and thermal comfort conditions are the worst in
summer, and have a great impact on the daily work and life of urban residents.
Therefore, most of the research focuses on the urban summer. In general, some
progress has been made in the study of urban microclimate and thermal comfort, and
the combination of urban renewal with urban microclimate and thermal comfort. The
research of various factors of urban environment and their application in planning and
design have also been paid attention to. The analysis method and advantages through
numerical simulation software have been gradually recognized Universal. However,
most of the above literatures focus on one factor or several factors that affect the urban
microclimate environment, or reveal the problem of an example, and study the
optimization strategy for the example. There are three deficiencies: first, there are many
factors that affect the microclimate and thermal comfort of urban blocks, including
temperature, humidity, wind speed, radiation, etc Multi parameter, not limited to some
factors, should be analyzed for various parameters; secondly, lack of systematic
microclimate strategy research for a city or a region, and lack of universal applicable
value in the city or the region only for a case study; thirdly, some of the microclimate
and thermal comfort optimization strategies proposed in the case study, fail to take into
account the reality For example, the characteristics of the project lack a certain degree
of applicability.

1.4 Research content, research method and related concept definition

1.4.1 Research content
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The research topic of this paper comes from the consideration of the current urban
climate environment and the environmental problems in urban development. In recent
years, the impact of climate change on urban development and urban life is more and
more great. Taking Shanghai as an example, the highest temperature in history has been
refreshed repeatedly in summer, and extreme weather days appear frequently. People's
daily life and physical and mental health outside in summer are greatly affected. In
addition, in the process of urban development, Shanghai has gradually transitioned
from the extension expansion to the quantitative space development, which will bring
huge urban renewal space for Shanghai.

Considering the above two aspects, this paper focuses on how to systematically
guide the urban renewal and development of Shanghai through the strategies of
microclimate and thermal comfort, discusses the environmental factors of block
construction, project management process and other aspects, and summarizes the
microclimate and thermal comfort strategies in planning, design and management
process in the urban renewal project of Shanghai, In order to cope with the impact of
summer extreme climate conditions on the urban environment. The main research
contents are as follows:

First, through the analysis of the research progress, three main problems of the
existing research are found. Then, taking Shanghai urban renewal project as the
research object, the optimization strategy is systematically discussed in many aspects,
and several parameters related to microclimate and thermal comfort are considered in
the case simulation.

Secondly, from the two perspectives of the controllable factors of urban blocks
and the design strategies, the optimization strategies of microclimate and thermal
comfort of urban renewal projects in Shanghai are discussed respectively, and the
application methods of relevant strategies are systematically elaborated. The
controllable factors of urban blocks include building density, building height, sky angle
coefficient, building layout, green space rate and green layout The design strategies
include creating shadow areas, creating air ducts, optimizing the surface materials of
blocks, increasing and optimizing plants and water bodies.

Thirdly, envi met is selected as the simulation software of this paper. The
modeling process of envi met and the effectiveness of the software in urban
microclimate simulation are discussed, and verified by the actual measurement. The
influence of several main factors on the microclimate and thermal comfort of the block
was quantitatively simulated by comparative analysis.

Fourthly, the paper studies the implementation process and representative projects
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of Shanghai urban renewal project, and proposes to add pre assessment and post
assessment into the implementation process of urban renewal project. The
representative projects are No. 8 bridge, 800xiu, Jinguyuan of Huayang street and
shanggongxin village of Daning street. The microclimate and thermal comfort of the
current layout of each project are analyzed by software simulation.

Fifthly, through the pre evaluation method, taking two typical urban renewal
projects in Shanghai, Caoyang village 1 and Shanghai Music Valley as examples, the
microclimate and thermal comfort status simulation, problem analysis and optimization
research are carried out. Using envi met to simulate the thermal comfort PMV
distribution map of the block, the characteristic points in different blocks are selected,
and the open degree and shade of each characteristic point and each section are
compared Then the microclimate factors in the block, such as air temperature, relative
humidity, wind speed, average radiation temperature and sky angle coefficient, are
simulated to analyze the influence of different block characteristics on microclimate
and thermal comfort. Then through the research on the relationship between the
characteristic point PMV value and each microclimate factor, and combining the
characteristics of the two projects, the paper puts forward the targeted strategies, and
compares the microclimate and thermal comfort of the optimized scheme with the
current situation, so as to realize the optimization of the scheme.

Sixthly, through the method of post evaluation, the urban renewal design scheme
of a vacant land near the Bund is simulated, the microclimate and thermal comfort of
the street area in the scheme are studied, and the advantages and existing problems of
the scheme are analyzed according to the simulation results, and further optimization
methods are proposed.

Seventh, it classifies different types of urban renewal projects, puts forward the
methods of optimizing microclimate and thermal comfort in Shanghai urban renewal
projects, discusses from two aspects of planning, design and management process, and
puts forward systematic strategies and process suggestions for urban renewal projects
with different renewal methods.

1.4.2 Research method

(1) Literature induction
The research on microclimate and thermal comfort of block involves many
subjects such as urban climatology, urban planning, ecology, etc. From the topic
selection to the completion of the thesis, this paper refers to and draws lessons from a
large number of domestic and foreign materials and relevant case practice, through the
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analysis of a large number of literature and the analysis of research methods and
research focus, and cross studies the relationship between urban microclimate and
thermal comfort and various factors of urban blocks, to understand the current situation
of existing research, and to clarify the research focus.
(2) Numerical simulation method
The simulation and evaluation methods of urban microclimate and thermal
comfort are generally divided into field measurement and numerical simulation. The
numerical simulation method is widely used because it is fast and time-saving, and it
can simulate the numerical distribution of all parameters in all spaces of the block. In
this paper, envi met software is used to simulate the distribution of microclimate and
thermal comfort of the block, which has the characteristics of fast experiment speed
and rich simulation information, and the optimization strategy can be put forward
according to the simulation results.
(3) Combination of numerical simulation and field measurement
In this paper, when the simulation accuracy of envi met is verified, No. 23
dormitory area in the east of Minhang campus of Shanghai Jiaotong University is
selected, and the validity of envi met in Shanghai block Microclimate Simulation is
verified by comparing the numerical simulation with the measured value.
(4) Combination of qualitative and quantitative methods
In this paper, through envi met simulation, we get the PMV correlation diagram
and specific values of air temperature, relative humidity, wind speed, average radiation
temperature and thermal comfort of urban blocks. By using the qualitative analysis of
visualization diagram and quantitative analysis of numerical value, we study the
microclimate and thermal comfort of urban blocks, and through the difference between
the PMV values of simulation results, we quantitatively analyze the optimization
strategies effectiveness.

1.4.3 Related concept definition

(1) Microclimate
Urban microclimate refers to the climate conditions in a certain area of the city,
which affects people's daily life, work, health and other aspects. It is affected by natural
factors such as temperature, humidity, wind, solar radiation and other factors, as well as
the nature of underlying surface, human heat emission and other factors. The urban
microclimate describes the urban scale in a small scale. Generally speaking, it describes
the climate conditions with a horizontal scale of 1km and a vertical scale of 120m [5].

-11-
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(2) Thermal comfort
Thermal comfort is the evaluation of people's satisfaction with the surrounding
environment, which is usually related to the external physical environment, people's
physiological feelings and people's psychological feelings. In the process of rapid urban
development, the focus of the research is to improve the quality of daily living
environment by improving the comfort of outdoor environment.
(3) Block scale
Block is an important factor in urban planning and a basic unit of urban structure.
In this paper, the street scale refers to the spatial scale corresponding to the urban area
composed of one or several adjacent blocks.
(4) Urban renewal
Urban renewal refers to the planned reconstruction activities through functional
adjustment, environmental improvement, facility renewal, etc. to prevent urban
recession. Urban renewal can be generally divided into three types: redevelopment,
renovation and protection.

-12 -
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Chapter two: Microclimate and thermal comfort optimization
strategy of urban renewal in Shanghai

In recent years, the number and frequency of extremely high temperature days in
Shanghai have increased significantly [50]. The thermal comfort of outdoor work and
stay in hot and humid environment is very poor, which affects the work efficiency and
work safety of corresponding types of work, and reduces the use of outdoor public
space by the public. Especially in the built-up area of the city center, due to the high
building density, serious surface hardening, more rivers and lakes filled with water
surface and other reasons, it has a great impact on people’'s life.

The interaction mechanism between urban block, microclimate and thermal
comfort is very complex, and the evaluation angle and standard are different. In the
planning and design of urban renewal, the optimization of microclimate and thermal
comfort can be realized from the following three aspects: first, the optimization of
space geometry to increase the heat dissipation capacity of the space; second, the
optimization of building surface and ground materials to reduce the heat storage
capacity of the space; third, the optimization of urban street ecological characteristics to
increase the cold source factor [51]. In terms of environmental problems, behavior and
other factors, effective design strategies can be adopted to optimize microclimate and
thermal comfort. Through the summary of environmental, behavioral and psychological
factors, it can be found that people's outdoor activities in summer and winter are
different in different environmental characteristics, and the thermal adaptation strategy
of urban outdoor space can be used to optimize the environment [15]. This chapter
focuses on the microclimate and thermal comfort characteristics of the urban renewal
project under the climate conditions of Shanghai, evaluates the advantages and
disadvantages of the microclimate of the block under the humid and hot environment in
summer and the optimization strategy of the urban renewal, which is divided into the
optimization strategy guided by the controllable factors of the urban block and the
optimization strategy guided by the design strategy.

2.1 Optimization strategy guided by controllable factors of urban blocks
2.1.1 Building density and height

With the increase of the building density, the direct sunlight on the ground will
generally reduce, and the shadow area of the building will increase accordingly. The
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microclimate of the block and the thermal comfort of pedestrians can be significantly
improved [52]. Similarly, when the building height increases, the shadow area of the
building is larger, and the air temperature and thermal comfort are relatively better [25].
In urban block environment, the change of thermal comfort index is most sensitive to
building density and building height [28]. However, building density and building
height are not the only factors that affect the microclimate of the block. When the
building density is too high, the distance between buildings will be correspondingly
reduced. If the building layout and orientation of the block are not good at this time, the
air will not flow smoothly in the block, which will affect the ventilation and heat
dissipation effect of the block, and worsen the microclimate [53]. In order to achieve
better microclimate and thermal comfort, it is necessary to obtain the appropriate
building density and height through the corresponding quantitative simulation
combined with the actual situation. In the special urban environment, in order to create
a good microclimate, the focus is also different. For example, in the high-density urban
environment, under the same intensity of land use, it is necessary to balance the
relationship between building density and building height, find the appropriate critical
point, and achieve the best optimization effect [12].

2.1.2 SVF!

The sky angle coefficient is a parameter that describes the scale of the space seen
at a certain point in the space. It can be used to describe the degree of space closure, as
shown in Figure 2-1. When the SVF value of urban block is smaller, the area of block
facing the sky is smaller, and the layout of block features such as block buildings and
trees is more compact. In sunny summer, with the increase of SVF, the heat island
effect of the block will decrease [11,54]. However, the thermal comfort of urban blocks
is not only determined by the temperature, but also related to solar radiation and other
factors. Under the extreme climate conditions in summer, the increase of solar radiation
range brought by the increase of SVF is more unfavorable to the change of thermal
comfort than the change of air temperature. Therefore, in general, urban space should
be arranged as compact as possible, and large area of open space should be avoided. At
this time, urban blocks can provide more shadow areas, and improve the thermal
comfort of outdoor space under extreme climate conditions in summer.

! sky view factor
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Fig 2-1 Top left: determinant; top right: point group; bottom left: enclosing; bottom
right: SVF diagram

2.1.3 Building layout

The influence of building layout on the microclimate and thermal comfort of
urban blocks is most closely related to the wind. Smooth ventilation can improve the
thermal comfort of urban blocks. The relative humidity in the upwind direction of the
block is generally high. If the wind can flow well in the block, it can improve the
distribution of relative humidity in the block [25]. Several typical block building layout
modes are shown in Figure 2-1. When the layout of street buildings conforms to the
dominant wind direction, the microclimate condition of the layout of the row building
is better, because the layout of the row building makes the wind easier to penetrate and
pass through the block, and is generally better than the plate type, point group type and
enclosure type [25]. When the building layout does not conform to the dominant wind
direction, the impact on the microclimate is related to both the type of building layout
and the angle between the building layout and the dominant wind direction. At this time,
when the dominant wind direction of the city is poured along the main corridor of the
block or at an angle of 45 degrees with the dominant wind direction, the blocking effect
of the street on the wind is small, and under the conditions of equal volume ratio and
equal greening rate, the point group Street The distance between buildings in the area is
relatively large, and the wind is relatively easier to circulate. The layout of row and
plate type buildings can block the wind when it does not conform to the dominant wind
direction, and the wind cannot flow smoothly inside the block. Therefore, compared
with the row and enclosure type, the point group layout is better [11,13].

The size of building spacing in building layout will also have an impact on the
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microclimate of the block. For example, when the building spacing increases, the air
will more easily penetrate into the block interior under the condition of natural
convection, so as to improve the microclimate of the block. From this point of view, the
point layout is better than the determinant and enclosure layout [55]. However, when
the building space is too large or the block space is too empty, the thermal comfort of
the block becomes worse because of more direct sunlight. In some special building
layout, for example, when the building width is too large due to the building types such
as shops along the street, the ventilation effect of the block interior will be affected, and
the microclimate is relatively worse [25].

2.1.4 Green space rate, green layout and water body

In terms of ecological conditions, the higher the green space rate, the lower the air
temperature, the higher the relative humidity, and the better the microclimate [56].
However, only by increasing the green space rate, when the green space area reaches a
certain value, the cooling and humidifying range of microclimate in the block tends to
slow down, and the cooling effect of decentralized green space is better than that of
centralized green space in the same green area [19].

The green space rate has an important impact on the microclimate of the block, but
in addition to the green space rate, the influence of the green layout on the
microclimate is also obvious. While improving the green space rate of the block, the
impact of the wind direction of the block should be considered, and the green space
layout should be adjusted accordingly [51]. When the arbors gather excessively, the
wind field in the block will be blocked to some extent. The layout of greening should
cater to the ventilation corridor, so as to improve the microclimate of the block better
[25]. In terms of green allocation, trees have a better effect on microclimate
improvement than grasslands, because trees can provide shadow areas, reduce solar
radiation, and improve microclimate and thermal comfort more effectively than
grasslands [25]. In summer, more trees should be planted in urban blocks to achieve a
large area of thermal comfort zone. In terms of cooling and dedusting effect, trees and
shrubs are far more effective than lawns [18].

In terms of the combination of block greening, the combination of arbor, shrub
and grassland is the best, followed by arbor, grassland, shrub and grassland, and only
grassland has the worst microclimate [20]. When the ecological conditions of the street
area are not easy to change or the space of the block is limited, roof greening and
vertical greening can also be used to increase the greening rate of the block, and roof
greening has a more effective cooling and humidifying effect [34]. There are many
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ways of greening layout. The effect of decentralized greening plus green roof is the best,
followed by decentralized greening, and centralized greening is the worst. On the
premise of not changing the green rate, the effect of improving the microclimate of the
block by improving the green coverage rate through green roof and other ways is more
obvious [18]. For cities with scarce land, in fact, the space for greening of new blocks
is limited, while the vertical greening occupies less land, which is an effective measure
to improve the greening rate and microclimate of blocks [53].

In the aspect of block water factors, rivers and other natural water bodies can
improve the air temperature and relative humidity around the block, and then improve
the microclimate, but it needs to be considered in combination with wind direction and
surrounding building layout. The cooling effect of the river on the air generally stays
above the water surface, but has little impact on the temperature of the surrounding area
of the river, and the distance between the river and the adjacent buildings and the layout
of the buildings near the river have obvious impact on the microclimate distribution of
the block [23]. When there is no natural water body in the block, the microclimate of
the block can be improved by artificial water bodies such as fountains, waterways and
artificial lakes [15].

2.1.5 Flooring materials

Because of the different heat capacity and reflection ability of the materials, the
influence degree of the surface materials on the microclimate is different. Hard, low
reflectivity, poor permeability of the paving materials, generally absorb more solar
radiation, the air temperature of the block is relatively high [25]. A large area of
artificial pavement will aggravate the heat island effect of the block and worsen the
microclimate of the block [23]. However, some researches have pointed out that
although most of the existing researches on the analysis and Simulation of the paving
materials affirm the application effect of the high reflectivity materials, others hold a
negative attitude, because although the high reflectivity materials can improve the air
temperature, the radiation to the surrounding environment increases significantly [37].
High reflectivity materials reflect more radiant heat in summer, which worsens the
thermal comfort of the block [57]. For urban renewal projects, it is necessary to study
the complex influence of material types on microclimate through quantitative
simulation in combination with the actual situation of the block, and finally select
appropriate materials.

2.2 Design strategy oriented optimization strategy
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2.2.1 Create shadow areas

(1) Architectural shadow
In summer, the thermal comfort of the shadow area is much better than that of the
non shadow area because of the shielding of the solar radiation. In the urban renewal
project, it is necessary to consider the characteristics and distribution of block buildings.
For areas with less shadow and more open space, the capacity of block buildings can be
appropriately increased and more shadow areas of buildings can be provided by means
of new construction if conditions permit. When the building capacity of the street area
cannot be increased, the transition space can be created and the shadow area of the
building can be increased by means of building corridors and roof overhanging.
(2) Landscape shadow
The shadow area formed by trees or other landscapes in summer can better block
the direct sunlight and greatly reduce the average radiation temperature in the area.
When the urban renewal project is limited by policies, economic factors and other
factors, and the building cannot be changed, the way of landscape can be adopted to
plant trees or other landscapes in the open area of the block and other places with poor
microclimate and thermal comfort, so as to create landscape shadow to improve
microclimate. The arrangement of trees and other landscapes shall be considered in
combination with the location of the shadow area at noon in summer.
(3) Device shadow

If it is not suitable to use new buildings or create landscape shadows in urban
renewal projects, shadow areas can be created by setting up devices in areas with poor
thermal comfort in the block to improve the thermal comfort of the area to a certain

unshade seats, etc.
Y. . —

Fig 2-2 Left: Architectural shadow; middle: landscape shadow; right: installation
shadow
Source: Internet

2.2.2 Create air duct

(1) Optimize building orientation
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In urban renewal projects, the direction of road network in blocks is generally
difficult to adjust, but when there are some buildings blocking the dominant wind
direction in the street area in summer, it will greatly affect the ventilation effect of
blocks. If conditions permit, we can adjust the building orientation in the block, so that
the wind can better penetrate and cross the block, and optimize the microclimate of the
block.

(2) Adjust the orientation and height width ratio of urban street Valley?

The direction of urban street Valley has obvious response to the change of wind
speed, and the wind speed increases significantly due to the narrow tube effect® when
the wind direction complies with the dominant wind direction. However, when the
direction of urban street Valley blocks the dominant wind direction significantly, the air
flow in the street Valley is not smooth, and the air temperature will increase
significantly [56]. The influence mode of the ratio of height to width of urban street
Valley on microclimate is more complex. When the ratio of height to width of street
Valley increases, the direct radiation from the sun decreases, but at the same time, the
heat dissipation process and the long wave radiation from the street Valley to the
outside of the Street valley also slows down because of blocking. Therefore, the
influence of the ratio of height to width of street Valley on microclimate is
comprehensive, which needs to be simulated and divided according to the specific
climate and surrounding environment Analysis of [58].

(3) Improve the permeability of the main section of the block to the wind

The higher the permeability of the main section of the block in the dominant wind
direction is, the easier the wind is to enter the block. The main section of the block
should avoid too long or too many building blocks, and strengthen the circulation of
wind in the block. In the urban renewal project, when the permeability of the main
section to the wind in the street area is low, the permeability of the main section to the
wind can be improved through building openings, building overhead and other ways to
optimize the microclimate in the street area [28].

% It refers to the urban area similar to the natural canyon composed of buildings on both sides of the urban road.
3 When the wind direction is consistent with the street trend, the street canyon becomes a narrow channel, and
the wind is squeezed in different directions, resulting in the phenomenon that the wind speed increases through
the street.
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Fig 2-3 Analysis of the influence of the permeability of the main section on the
ventilation of the block

(4) Create a special channel

In some special urban renewal projects, special air ducts can be created in blocks.
For example, when the building is low, the high-rise wind can easily pour into the block,
and the continuous low-rise buildings can be used to create air ducts in accordance with
the prevailing wind direction. The way of landscape can be used to create air passage in
urban block, such as planning and designing linear park or belt green space in
accordance with the dominant wind direction, so as to optimize the ventilation effect of
the block.

Fig 2-4 Reference map of Urban Linear Park
Source: Internet

(5) Opening of adverse point of wind speed
When there is an area with poor wind speed in the block, we can optimize the
wind environment and microclimate by opening the building at the unfavorable point of
wind speed or overhead the ground floor. For example, the wind speed of enclosed
buildings or buildings along the street with too large width is generally very low in the
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interior or leeward, and opening at a proper position can effectively improve the

microclimate of the block.

Fig 2-5 Ground floor overhead reference drawing
Source: Internet

2.2.3 Optimize the surface materials of the block

(1) Reflectivity of paving material
The microclimate of urban blocks can be adjusted by improving the reflectance of
paving materials. The materials with high reflectance should be used to effectively
reduce the heat absorbed by each surface of blocks. The high reflectance of grassland
can be effectively used to reduce the heat absorbed by the ground. However, at the
same time, the high reflectivity materials will reflect more solar radiation heat at the
same time, which will increase the average radiation temperature of the block
environment. The appropriate materials should be selected according to the different
environment in the block [37].
(2) Permeability
The better the permeability of the paving material in the block, it can effectively
reduce the radiation heat absorbed in the daytime, and reduce the heat storage capacity
of the block space, thus improving the microclimate and thermal comfort of the block
[58].
(3) Material and color of building facade and roof
Improving the material reflectance of building facade and building roof can reduce
the heat absorbed by buildings in the block and the heat storage capacity of the block,
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but the high reflectance material will reflect more solar radiation heat to the
surrounding environment at the same time, and the heat reflected by the building facade
will increase the average radiation temperature at the pedestrian height of the block and
affect the thermal comfort of pedestrians, so it should be targeted at the block The
selection of materials should be considered comprehensively. Light color materials
should be used for building facade and building roof materials, which can effectively
reduce the radiation heat absorbed by the surface. Dark color surfaces will increase the
heat absorbed by the materials, which should be reduced.

2.2.4 Increase and optimize plants and water bodies

(1) Greening rate and number of trees
Improving the greening rate of the block can effectively improve the air
temperature of the block. Increasing the number of trees in the block can not only
improve the air temperature of the block, but also significantly reduce the average
radiation temperature of the block in summer, and create suitable microclimate and
thermal comfort conditions of the block.
(2) Multi level greening
When the greening rate of the block is fixed, a variety of greening matching
methods can be used to optimize the microclimate of the block, such as street trees,
grassland, scattered green space, etc., and when no additional space is added, green
roofs, green walls and other methods can be used to enrich the way of block greening,
S0 as to optimize the microclimate of the block.

Fig 2-6 Multi level greening reference map
Source: Internet

(3) Water body
In summer, natural water bodies such as rivers can optimize the microclimate
conditions of the block by improving the ambient air temperature and relative humidity.
When the distribution of natural water bodies is less or the application is limited, a
variety of artificial water bodies can also be used, such as fountains, landscape water
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surfaces, water sprinklers, etc., to optimize the microclimate by using the evaporation
of water bodies.

-\

R > = e

Fig 2-7 Water reference map of urban block
Source: Internet

2.3 Summary of this chapter

Based on the climate characteristics of Shanghai, this chapter summarizes two
ways of urban renewal project to create better microclimate and thermal comfort: one is
to take the controllable factors of urban blocks as the guide, that is, to control the
factors of single urban built environment to achieve the optimized effect, including
building density and height, sky angle coefficient, building layout, green There are five
types of land rate and green layout, water body and paving material; the second is
guided by design strategy, that is, through targeted strategies, to control the planning
and design of urban renewal projects, including creating shadow areas, creating air
ducts, optimizing the surface materials of blocks, increasing and optimizing plants and
water body.
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Chapter three: Numerical simulation method of microclimate
and thermal comfort of urban block

3.1 Urban Microclimate Simulation Software Envi-met
3.1.1 Introduction of Envi-met

Envi met, a city Microclimate Simulation software, was developed in 1998 by
Professor Michael Bruce and his team from the University of Bohong, Germany. Envi
met, based on the knowledge of air hydrodynamics, urban climatology and other
related fields, mainly studies the interaction of buildings, vegetation, underlying surface
and atmosphere in the city, and studies the microclimate environment in a certain range
of the city through the simulation of meteorological conditions, buildings, vegetation,
underlying surface and other factors [59]. In recent years, more and more attention has
been paid to urban climate, and the research related to envi met is increasing, for
example, using envi met software to simulate microclimate in cities in Central Europe
to study the impact of global warming [60,61].

Envi met software comes with a database of building materials database, plant
database and other modules. Through the application and research of envi met, the
self-contained system modules of its software system, such as enclosure structure,
underlying surface, green plants, have the advantages of Urban Microclimate
Simulation, and are considered to be the most comprehensive and effective numerical
simulation software in the field of Microclimate Simulation [60,62]. The simulation
structure of envi met is shown in Figure 3-1.
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Fig 3-1 Structure diagram of Envi-met model [31]
3.1.2 Simulation process of Envi-met

The Microclimate Simulation Process of envi met can be divided into four parts,
namely software modeling, boundary condition setting, software simulation operation,
result output and presentation, and the functions of each part of envi met have its own
modules, as shown in Figure 3-2. The software modeling is realized by building the
urban area to be simulated in a certain number of 3D grid frames with the spaces
module, as shown in Figure 3-3, and the spaces module can give the geographic
location of the simulation area and other information, and output it to the. INX format
file after the modeling is completed. After the spatial modeling of urban blocks is
completed, it is necessary to configure simulation files for the. INX files that have been
modeled, input meteorological boundary conditions such as temperature, humidity,
wind speed, wind direction, etc., and then export them to. Simx format files, and
simulate them through the operation module of envi met. After the operation, the
simulation results can be visualized in the Leonardo module by means of graphs and
tables. In addition, the bio met module of envi met software can calculate the thermal
comfort index value of the required simulation area by calculating the atmosphere
folder in the output simulation results.
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Fig 3-3 Interface diagram of spaces modeling module in envi met

The method adopted in this paper is to export the base map of the target simulation
area through the 91 satellite map assistant, convert the base map to the BMP format
picture, and import the envi met module spaces for modeling combined with the field
survey information. Input the simulation results into envi met's Biomet module,
simulate and calculate the thermal comfort index PMV value of the target area, where
the setting of Biomet is shown in Figure 3-4. Through Leonardo, the simulation results
will output the parameters of the target block, such as air temperature, relative humidity,
wind speed, average radiation temperature, and thermal comfort parameter PMV value.
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Fig 3-4 Bio met operation interface and setting diagram

3.1.3 Effectiveness of simulation results and software advantages of Envi-met

At present, many studies have been carried out by envi met to verify the
simulation and actual measurement of an example, and used in the analysis of urban
microclimate. Many studies have proved that the simulation results of envi met are in
good agreement with the actual measurement, and verified the effectiveness of using
envi met to simulate urban microclimate [18, 33, 34, 63, 64]. There are some
differences between the simulation results of envi met and the actual measurement
results, mainly due to the simplification of the ground, vegetation, building and other
factors of urban blocks in the modeling process, but from the results, the agreement
between the simulation results of envi met and the actual situation is still good [37].
Envi met can simulate urban microclimate on a small scale [41].

Other commonly used CFD (Computational Fluid Dynamics) numerical
simulation software for urban environment simulation includes Phoenix, fluent, etc.
various CFD software have corresponding software advantages, such as Phoenix can
simulate the air flow and heat transfer around, on and inside the building, so it is widely
used by professionals such as building HVAC engineering, as shown in Figure 3-5.
Compared with other commonly used CFD simulation software, envi met focuses on
the simulation of small and medium-sized urban blocks, considering the impact of
vegetation, water and other elements in the block environment on the block, and can
simulate the air flow in a certain area and the heat exchange between vegetation,
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building surface, ground and other elements and air. Therefore, the microclimate of
urban blocks is simulated The simulation results are more comprehensive. In addition,
the two most critical factors affecting the urban microclimate are wind and sun. Envi
met software well associates the radiation model and turbulence model, and the
simulation effect on the block scale is more accurate [65].

Probe value
3.358668
v

Fig 3-5 Reference diagram of Phoenix simulation results
Source: http://www. cham. co. uk/

3.2 Software simulation accuracy verification of Envi-met
3.2.1 Measuring tools and methods

In order to verify the effectiveness of envi met software simulation in Shanghai,
this section validates the student dormitory area of building 23 in the east of Minhang
campus of Shanghai Jiaotong University through the combination of envi met software
simulation and actual measurement. In the experiment, six measuring points are
arranged in the dormitory area. The principle of arrangement is to consider the
uniformity of the distribution of points. The location of points is to consider the
different ground types and the degree of sheltering by buildings and trees. The ground
types include pedestrian tile pavement, concrete pavement and grassland, so that the
verification results have universal applicability. The instrument used in the experiment
is the CO2 recorder of T & D Corporation, with the model of tr-76ui. The instrument
can be used to record air temperature, relative humidity and other parameters in real
time. The accuracy of air temperature is 0.1 °C, and the accuracy of relative humidity
is 1%, as shown in Figure 3-6.

The test time of actual measurement and simulation is from 9:00 a.m. to 17:00 p.m.
on September 26, 2019. Due to the relatively slow change of air temperature and
relative humidity, the method of reading each measuring point at each whole point is
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adopted. After the measured parameters are stable, record the air temperature and
relative humidity of all measuring points at each whole point. The measured weather is
sunny in most days and cloudy in a few days, meeting the requirements of simulation
environment.

Fig 3-6 Left: tr-76ui; right: student dormitory area of Minhang campus of Shanghai
Jiaotong University

3.2.2 Verification of actual measurement and simulation results

The boundary conditions simulated by envi met software refer to the
meteorological parameters of Minhang Meteorological Bureau on that day. The air
temperature and relative humidity values of the six measuring points obtained from the
actual measurement and simulation are shown in Fig. 3-7 and Fig. 3-8.

From the comparison of all the measured data and the simulated data, it can be
found that the air temperature of the measured data is higher than the simulated data,
while the relative humidity is lower than the simulated data, which is related to the
initial boundary conditions of envi met. The meteorological data of Minhang District
can not represent the actual situation of all the places in the region, and there are some
differences. There are fluctuations in the measured data, which have a certain impact on
the actual reasons such as the situation of pedestrians and vehicles in the student
dormitory area, while the changes in the simulated situation are relatively gentle due to
only considering the factors such as building, greening, material type, etc. The
temperature drop from 4 p.m. to 5 p.m. is relatively large, which is related to the cloudy
cover of the sun in that period of the day. In general, from the comparison of the
measured and simulated data of each of the six measuring points, it can be seen that the
envi met simulation results can still better reflect the change trend of the air
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temperature and relative humidity in the block, and both the measuring points and the
simulated data reach the highest temperature at 14:00 p.m. Through the verification, it
can be shown that envi met is effective in the simulation of microclimate environment
of the block.
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3.3 Simulation boundary conditions and evaluation methods of Envi-met

3.3.1 Boundary condition setting

In this paper, envi met version 4.4.1 is used. Envi met defines the number of grids
of a certain size in three-dimensional direction as the simulation area. The unit length
of each grid is defined as DX, Dy, DZ, and the unit length is meters. The smaller the
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unit grid number scale is, the higher the relative accuracy of simulation is. The research
area of this paper is Shanghai. The research focus is on the outdoor microclimate and
thermal comfort from noon to afternoon in summer, i.e. under the extreme climate
conditions. Therefore, the simulation time is the hottest summer day in the whole year,
i.e. 14:00 p.m. on July 23, 2018. The output condition of the simulation results is 1.5m,
i.e. the microclimate and thermal comfort distribution of human height. The simulated
boundary conditions are shown in table 3-1.

Table 3—-1 Parameter setting of envi met simulation boundary condition

Parameter value
time 23/07 /2019 14:00
Air temperature/ (C) 33
Boundary Relative humidity/ (%) 60
condition setting Roughness length 0.01
Wind direction 10m high / (° ) 135 (south-east)
10m high wind speed / (m/s) 3.1

3.3.2 Relevant parameters and evaluation methods

The predicted mean vote PMV is proposed by the Danish scholar Fanger based on
the thermal comfort equation through people's different comfort feelings of cold and
heat. It can be used to reflect the cold and hot feelings of most people in the same
environment. In this paper, the microclimate and thermal comfort of the city are used as
the evaluation criteria of the outdoor environment of the city block, the thermal comfort
of the pedestrian height is taken as the key evaluation index, and the PMV value is used
to evaluate the thermal comfort [66]. PMV takes into account the air temperature,
relative humidity, wind speed and average radiation temperature in outdoor
environmental parameters, as well as two human parameters. The value from small to
large represents the human body's thermal comfort sensation from cold to heat. When
the value is 0, it represents moderate thermal comfort, as shown in table 3-2. At the
same time, with the multi parameter analysis method of the microclimate parameters air
temperature, relative humidity, wind speed, average radiation temperature and sky
angle coefficient in the urban environment as the auxiliary analysis, the paper
quantitatively studies the microclimate and thermal comfort of the urban block, and
puts forward the optimization strategy based on the above parameter indexes for the
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relevant cases.

Table 3-2 Relationship between PMV value and thermal comfort

PMV

<-4 -4 -3 -2 -1 0 1 2 3 4 >4

value

Thermal  Extremely  Very  Relative Relative . Relative Relative  Very  Extremely
cool iddle o)

comfort cold cold cold cool hot hot hot hot

3.4 Preliminary simulation analysis of optimization strategy

In this section, taking the typical block of Shanghai as the basic model, five
variables, such as building density, building height, building orientation, trees and
grassland, and ground material, are selected to study the change of microclimate and
thermal comfort in the block through envi met simulation. The simulation area of the
basic model in envi met is 180m long, 180m wide and 90m high. The accuracy in X, y
and Z directions is DX = dy = 4m and DZ = 3M respectively. The basic model is a
6-Row 3-column row building layout. Each building is 24 meters high, 36 meters wide
and 12 meters deep. The building faces 25 degrees south by East. There are no
grassland trees in the block. The default loam ground material of envi met software is
used. The model information of the basic model and the corresponding parameter
changes of the five groups of variables are shown in table 3-3.

Table 3-3 Model comparison simulation information table

model Model
parameter
parameter number
Basic model 000 6 rows and 3 rows; 36 * 12 * 24m in length, width and
height; 25 ° south by east; no grass trees; loam
Building densit A01 5 rows and 3 columns (decrease one row)
9 y A02 4 rows and 3 columns (decrease two row)
. . BO1 12m (height reduced by 12m)
Building height B0O2 36m (height increased by 12m)
Building Co1 South (25 degrees clockwise)
orientation C02 25 ° south by West (50 ° clockwise)

D01 Add grass

Tree and grass D02 Add tree

EO1 Dark concrete (reflectivity increased by 0.2)

f ial . o
Surface materia E02 Light colored concrete (reflectivity increased by 0.8)
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3.4.1 Simulation results of basic model

Fig 3-9 Aerial view of each group of models
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Fig 3-10 Simulation results of basic model
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Through envi met simulation, output PMV diagram, wind speed diagram, air
temperature diagram, average radiation temperature diagram and relative humidity
diagram of the basic model, as shown in Figure 3-10. The average value of PMV in the
basic model block is 3.9375, and the regional distribution of thermal comfort in the
block is quite different. Only the PMV of the space in the shadow of the building is
about 2.7, and the PMV of the other spaces is above 3.5, even up to 4.5. The PMV of
the space on the South and north sides of each building is the largest, and the thermal
comfort is the worst. The distribution of average radiation temperature in the block is
consistent with that of PMV, which indicates that solar radiation has a great influence
on thermal comfort in summer. It can be seen from the comparison between the wind
speed chart and the PMV chart that although the wind speed in the block formed by the
space between the building and the building is small due to the building orientation
blocking the wind, the PMV value of the space is still reduced and the thermal comfort
IS improved to a certain extent. The size of the wind speed in the block also affects the
distribution of the relative humidity in the block. The relative humidity in the air duct is
higher than that in the space between buildings. Due to the similarity of the
environment of each point in the basic model, the air temperature distribution in the
block is relatively small.

3.4.2 Simulation results of control group

0004 A0I4 A024]

H

PMVE

Fig 3-11 PMV diagram of group a simulation results
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Fig 3-12B and C simulation results and PMV difference diagram of basic model
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Fig3-13 D and E simulation results and PMV difference diagram of basic model

Table 3-4 PMV value of control group model and comparison with basic model

000 AO1 A02 BO1 B02
Changes Building .
. . Building
relative to Reduce one Reduce two height .
height
the - row of row of reduced iner db
as
underlying buildings buildings by 12 creased by
12 meters
model meters
PMV value 3.9375 4. 0385 4. 1308 4. 2425 3. 7454
Difference
with basic - 0.1010 0. 1933 0. 3050 -0. 1921
model PMV
C01 Cc02 DO1 D02 EO1 E02
Changes
relative to 25 Turn 50 Reflectivity Reflectivity
the degrees degrees Add grass Add tree increased by increased by
underlying clockwise clockwise 0.2 0.8
model
PMV value 3.9394 3.8195 3.9309 3.5718 4. 0842 4. 3002
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Difference
with basic —-0. 0019 -0. 1180 -0. 0066 —-0. 3657 0. 1467 0. 3627
model PMV

Through envi met simulation for each control group, PMV distribution of block a
is shown in Figure 3-11, and PMV difference of group B-E is shown in Figure 3-12 and
figure 3-13 by making difference with PMV distribution of basic model. Block change
factors, average PMV value and PMV difference with basic model of each control
group are shown in table 3-4. According to the results of the chart, with the decrease of
the building density of the block, the shadow area inside the block becomes less, and
the thermal comfort of the block tends to be worse; with the increase of the building
height, more shadow areas are generated in the block, and the thermal comfort of the
block tends to be better; when the building direction is consistent with the dominant
wind direction, the wind is more likely to pour into the space between the buildings,
and in the street The circulation in the area can be better, and the thermal comfort of the
block presents the trend of becoming better; both grassland and arbor can make the
thermal comfort of the block better, but the thermal comfort improvement effect
brought by arbor is much more significant, and the thermal comfort improvement of
grassland for the block is very limited; compared with the natural road, the thermal
comfort of the block is poor, and the pavement with higher reflectivity reflects the solar
radiation Radiant heat, the thermal comfort of the block is worse, which shows that the
impact of reflected radiant heat on the thermal comfort of the block is more significant
than other factors.

Comparing the results of PMV simulation between the five groups of control
group and the basic model, it shows that different block factors will affect the
microclimate and thermal comfort of the block. The differences of block thermal
comfort caused by the differences of building density, building height, building
orientation, arbor and grassland, and paving materials in the simulation of the control
group also verify the microclimate and thermal comfort described in Chapter 2 The
influence of comfort optimization strategy on Shanghai city block.

3.5 Summary of this chapter

This chapter discusses the background, operation process and effectiveness of envi
met, and defines the simulation boundary conditions, relevant parameters and
evaluation methods used in this paper. The effectiveness of envi met simulation is
verified by the combination of measurement and simulation. Through the simulation of
typical blocks in Shanghai and the comparison of thermal comfort of the control group,
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the applicability of the optimization strategy guided by controllable factors and the
optimization strategy guided by design strategy described in Chapter 2 is further
verified.
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Chapter four: Implementation process of Shanghai urban
renewal project and simulation of microclimate and thermal
comfort of representative projects

4.1 Current situation and background of Shanghai Urban Renewal Project
4.1.1 Background and development history

In the early stage of rapid development, Shanghai mainly expanded its urban
development by extension, built a large number of new buildings, and expanded its
urban scale rapidly. The old areas in the city are not valued, lack of vitality and face
decline. Nowadays, due to the deterioration of urban environment and the frequent
occurrence of urban problems, in order to meet the needs of today's times, Shanghai
began to change from "incremental planning” to "stock planning”, and put forward
relevant concepts such as stock optimization and quality improvement.

At present, the urban renewal projects in Shanghai can be divided into industrial
land, old residential area, historical and cultural area, and business district. Taking
industrial land as an example, the number and scale of its renewal is the most
considerable. In the 13th five year plan for the utilization and protection of land
resources in Shanghai issued in 2017, it was mentioned that the scale of industrial land
in the city should be controlled at about 550 square kilometers, which will produce a
huge urban renewal space compared with the current scale of industrial land. In terms
of old residential areas, there are still about 12.16 million square meters of old style
lanes and simple houses in the central city of Shanghai. In addition to other types of
urban villages, old towns, etc., the potential of urban renewal scale is huge.

The renewal methods of old areas in Shanghai mostly adopt the method of urban
renewal to give new vitality to the area. For example, by transforming old industrial
plants into creative spaces and commercial blocks, Shanghai has become a popular and
dynamic area in the city. But at the same time, there are a large number of old
residential areas in Shanghai, which need to be renovated in the way of demolition and
reconstruction due to the problems of long-term disrepair and potential safety risks. In
the management measures for the implementation of Shanghai old housing demolition
and reconstruction project issued by Shanghai Housing Administration in 2018, it is
proposed that old houses with poor structure, long-term disrepair, potential safety
hazards and no repair value identified by the management department can be
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reconstructed by demolition and reconstruction.

In the process of urban renewal in Shanghai, no matter how the project is
demolished or reconstructed, good microclimate and thermal comfort environment can
improve the quality and attract people, and meet the ecological requirements of urban
construction in Shanghai, so as to build an environmentally friendly and sustainable
urban block.

4.1.2 Pilot project of urban renewal

In 2015, Shanghai started to carry out the pilot work of urban renewal and
launched 17 urban renewal projects. In 2016, Shanghai launched four renewal plans of
"sharing community plan, innovation park plan, charm style plan and leisure network
plan™ again, as shown in Figure 4-1, and adopted "12 + X" flexible management mode
[67]. The main body of urban renewal project is more refined, and the renewal method
gradually turns to pay attention to the organic renewal of environmental quality.
Shanghai begins to pay attention to the practice of the project in the urban renewal
work.

“127F R B & AR X 7w B B AR
® 4 A IR P A ki
£ FARXAR|FEAR FHiriki K
/AR
KIMAKR BRAZ2FEAEK
. : FEAXAEBARR LEARK
&1l 3 - 3|
RBAEAN R bl i A+ 34 9%
6 5
ALK 197 ¥ B35 | A 2
PR [ 98 - 44 Z RIS
© 7 Rt R KK 228 B354 # 44 K 160
v 1D it #i 35
FHRLAANRIT AL AR Y iE
k18 A %5 %) | ] il
PoW A & i

Fig 4-1 Four major renewal action plans of Shanghai in 2016 [67]

In Shanghai urban renewal project, there have been many successful cases,
including industrial zone transformation, old residential area transformation and other
urban renewal types, such as Hongfang, xingfuli, bridge 8, etc. Taking the first phase of
No. 8 Bridge as an example, the original eight industrial buildings have been renovated
and transformed into a modern creative park, realizing the success of economic benefits
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and social values. However, in the current urban renewal projects, the focus of
improvement is still on the improvement of function and space quality, while the
consideration of outdoor microclimate environment and thermal comfort is very little.

JAD

| B30
H R

HONG QING SOU

RESH
JAN GUO ZHONG ROAD

LOTCATION PLAN

Fig 4-2 Phase | plan of bridge 8
Source: Internet

4.2 Microclimate and thermal comfort simulation analysis of four
representative urban renewal block projects

The types of block combination of urban renewal projects in Shanghai are
diversified. Taking residential area as an example, the combination mode of the block
can be divided into determinant, point group, enclosing, mixed and so on. The
arrangement of the determinant combination is regular, with better sunshine and
ventilation conditions, but the space lacks the sense of enclosure. The layout of point
group combination is flexible, the ventilation condition of the block is better, but the
space lacks the sense of enclosure and order. Enclosed type can form a quiet closed or
semi closed yard space, but the ventilation conditions are relatively unobstructed [72].
Different combination modes of blocks have their own advantages and disadvantages in
space, and the microclimate and thermal comfort conditions of blocks are also different.

Industrial land and old residential areas are the two largest types of urban renewal
land in Shanghai. Therefore, this section will select two representative block projects
from the industrial land and old residential areas, namely, eight bridges, 800 shows, Jin
Guyuan in Huayang street and new industrial village in Daning street.
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4.2.1 Current situation and layout analysis

Table 4-1 Bottom analysis and envi met model table

name Bottom analysis Envi-met model

Bridge
eight

The 800
Show

Jinguyua
n,
Huayang
Street

Shanghai. Jinguyuan and shanggongxin village in Huayang street and Daning Street are
important pilot projects of "walking in Shanghai - micro renewal plan of community
space”. From the perspective of the current layout of urban blocks, the old industrial
buildings in Shanghai, represented by No. 8 bridge and 800 Show, are characterized by
compact space, narrow streets, low building height and irregular building layout. The
block layout mode is mainly mixed. The old residential areas in Shanghai represented
by Jinguyuan in Huayang street and shanggongxin village in Daning street have the
characteristics of layout law, but there are differences in the layout patterns of the
blocks. Jinguyuan is a typical point group layout pattern, and shanggongxin village is a

-42-



Thesis of Double Degree Program from Politecnico di Milano

typical determinant layout pattern.

There are obvious differences between the old industrial area and the old
residential area in the block layout mode due to the different block types. For a specific
type of block, the surrounding building layout type, road distribution, building height
and other factors are also different due to the current situation. There is a high-rise
building on the west side of the road to the south of No. 8 bridge, the road to the west
of 800 Show, and three high-rise buildings distributed in dots on the north side. There is
a large open space at the entrance of the two blocks. Jinguyuan block is arranged close
to the street. The buildings along the street in the southeast are isolated from the
influence of the road on the residential space to some extent. Five row houses are
distributed in the northwest. Shanggongxin village block is adjacent to the Urban
Branch Road. The spatial layout is between the residential area and the school. The
block layout is regular and the degree of closure is weak.

4.2.2 Microclimate and thermal comfort analysis of the block

I HFPMV 80075 PMV £

0

* I

E TR PMVIE

A

Fig 4-3 PMV drawing of No.8 bridge, 800xiu, Jinguyuan and Shanggong New Vil lage
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Fig 4-4 Average radiation temperature map of No.8 bridge, 800xiu, Jinguyuan and
shanggongxin Vil lage

Through envi met, the thermal comfort of the eight bridges, 800xiu, Jinguyuan and
Shanggong new village was simulated. The PMV distribution and average radiation
temperature of each block are shown in Figure 4-3 and Figure 4-4. From the simulation
results, it is found that although the layout of No. 8 bridge and 800xiu block is
relatively compact, the distribution of thermal comfort in the block is general. PMV
value of thermal comfort in No. 8 bridge block is generally about 4.2, only part of the
space is in the shadow of the building, PMV value is about 3.0, and the shadow area of
high-rise building in the West does not cover the inside of No. 8 bridge block. The
thermal comfort of 800 Show block is generally poor, PMV value is about 4.4. The
thermal comfort distribution around the main show building is obvious compared with
other areas. The PMV value of the shadow area of three high-rise buildings and
multi-storey buildings in the East is about 3.0. The spatial distribution of Jinguyuan and
Shanggong new village is relatively loose, but the distribution of thermal comfort is
quite different. The point group high-rise buildings in Jinguyuan bring enough building
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shadow area to the block, its PMV value is about 2.8, and the thermal comfort of other
spaces is relatively poor. In the thermal comfort distribution of Shanggong new village,
the PMV value of a small number of buildings in the shadow area is about 2.9, the
PMV value of some spaces in the block air ducts on both sides of the building is about
3.9, and the PMV value of other spaces is about 4.4.
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Fig 4-5Air temperature map of No.8 bridge, 800 Show, Jinguyuan and Shanggong New
Vil lage
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Fig 4-6 Wind speed map of No.8 bridge, 800xiu, Jinguyuan and Shanggong New Vil lage

Figure 4-5 and figure 4-6 show the distribution of air temperature and wind speed
of No. 8 bridge, 800xiu, Jinguyuan and Shanggong new village. From the perspective
of the compactness of the block layout, the air temperature distribution in the eight
bridge and 800 Show blocks is poor, and the air temperature in the compact space is
generally high. Due to the limited space heat dissipation capacity, the layout of
Jinguyuan and Shanggong new village is loose, and the air temperature distribution in
the block is relatively good. The compact layout of the block has a great influence on
the ventilation capacity, and the wind speed is obviously low. The internal wind speed
of No. 8 bridge and 800 Show is generally lower than 1 m / s. The open space and the
wind speed at the air duct of Jinguyuan and Shanggong new village are better.

Through the simulation of the above four cases, it can be seen that different types
of urban renewal projects and current layout will produce different microclimate and
thermal comfort distribution of the block. The layout of old industrial building blocks is
compact, but due to the general low building height, it is unable to provide sufficient
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building shadow area outdoors under extreme climate conditions in summer, so the
distribution of microclimate and thermal comfort is poor. There are obvious differences
in the layout patterns of old residential blocks. Because of the large volume of single
building and the high building height, the blocks with point group layout can produce
sufficient building shadow area in the block. The microclimate and thermal comfort are
in good condition. The space between buildings in the row layout block is large, and
the building height is generally limited. When the building orientation is poor, the street
The distribution of microclimate and thermal comfort is not ideal. From the perspective
of building layout, when the block layout is compact, the air temperature and wind
speed are unfavorable, but when the building can provide sufficient shadow area, the
thermal comfort of the block is relatively better.

4.2.3 Microclimate and thermal comfort improvement methods

The above four cases of urban renewal projects in Shanghai are not ideal in terms
of the distribution of microclimate and thermal comfort under the extreme climate
conditions in summer. According to the different modes of demolition, reconstruction,
improvement and protection, the urban renewal projects adopt different renewal
methods. When the urban renewal projects are not suitable for the major renovation of
block buildings, the thermal comfort of outdoor space can still be improved by means
of vegetation, water, devices and other means. By setting fountains in the public space
at the entrance of No. 8 bridge, the microclimate and thermal comfort of the
surrounding space can be alleviated by water evaporation. By setting outdoor sunshade
seats at the walkways on both sides of the main show building, part of the solar
radiation can be resisted and the thermal comfort of the space can be improved, as
shown in Figure 4-7. The old blocks represented by Jinguyuan and Shanggong new
village generally improve the microclimate by planting trees, shrubs and other
vegetation, and provide shadow areas for outdoor space, as shown in Figure 4-8.

Fig 4-7 Left: fountain, bridge 8; right: outdoor sunshade seat, 800 Show
Source: Internet
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Fig 4-8 Left: Jinguyuan; right: Shanggong New Vil lage
Source: Baidu Street View

4.3 Research on the implementation process of Shanghai Urban Renewal
Project

4.3.1 Policy and planning management process

Although Shanghai urban renewal was carried out earlier, it was not until 2015
that formal documents were issued to guide the urban renewal work, namely, the
implementation measures of Shanghai urban renewal and the implementation rules of
Shanghai urban renewal planning land (for Trial Implementation), supplemented by
relevant supplementary documents. The overall work content and organization of urban
renewal are still in the preliminary stage [68].

____________________________________________________________________________________

Fig 4-9 Schematic diagram of Shanghai's current urban renewal organization [68]
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A

Fig 4-10 Flow chart of current urban renewal planning in Shanghai [68]

Shanghai has set up relevant organization departments of urban renewal and
established relevant organization system to carry out urban renewal. Take Shanghai city
renewal project Xintiandi, No. 8 bridge and Tianzifang as an example, the government
carries out city renewal work [69] by developing cooperation with developers, giving
the majority of the government power, government guidance and residents' autonomy.
In the process of urban renewal, although the government has different degrees of
involvement, as the key force of urban renewal project, the management role of each
stage from evaluation to implementation is obvious. In the regional assessment stage, it
is suggested to add the microclimate assessment report of the project area as the
guidance of urban renewal project planning and design, which plays a key role in the
development and implementation of the planning and design scheme and the realization
of good microclimate and thermal comfort environment of the block.

4.3.2 Pre-evaluation and post-evaluation

Urban renewal generally makes urban space adapt to the requirements of urban
development through protection, repair, demolition and reconstruction. Generally, the
focus of urban renewal is function reorganization, quality improvement, comprehensive
service improvement, etc., while the consideration of microclimate in traditional urban
renewal is very lacking. In the "walking in Shanghai - community space micro update”
plan carried out in Shanghai in 2016 and 2017, 22 pilot projects were carried out, which
are characterized by re design and re organization of community space, focusing on the
function of block scope and the quality of built environment [70]. However, little
attention has been paid to the construction of microclimate in urban renewal projects.
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Fig4-11 Distribution of pilot projects of "walking in Shanghai — community space micro
renewal plan” in 2016 and 2017 [70]

Article 10 of Chapter Il of the detailed rules for the implementation of land for
urban renewal planning issued by Shanghai Municipal Bureau of planning and land
resources in 2017 points out the contents of the evaluation report in urban renewal,
which mainly includes: delimiting renewal units, carrying out public factor evaluation,
and preparing intentional construction plans. Among them, the specific requirements of
public elements include: ensuring accessibility, providing appropriate scale, dealing
with adjacent relations, convenient use, paying attention to design and construction
quality, etc., and put forward the ecological requirements for the implementation of
urban renewal projects. Although Shanghai pays more and more attention to the quality
of urban environment, the process of microclimate assessment in urban renewal project
management is not specific. The process and assessment of urban microclimate in
planning and project development are generally divided into urban local climate
assessment and urban microclimate assessment. Local climate assessment focuses on
the preparation of climate map at the level of urban macro planning and relevant
climate planning. Urban microclimate assessment focuses on the improvement strategy
research at the level of project, and carries out corresponding work based on the
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assessment results, such as a certain project in Shenzhen The microclimate assessment
process of the region is shown in Figure 4-12.
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Fig 4-12 Flow chart of urban microclimate Assessment Scheme [71]

Microclimate Simulation can be used as the pre assessment content before the
urban renewal project. Through the simulation of the current situation of each project in
the early stage of urban renewal implementation, such as the industrial land, old
residential areas, historical and cultural areas, or the old residential areas mainly based
on the reconstruction, the preliminary judgment and pre assessment of the project's
microclimate status can be made, and the microclimate model based on the project
status can be used Based on the analysis results, it can better guide the follow-up
planning and design work, adapt to the ecological requirements of urban renewal, and
create a better microclimate environment. Microclimate Simulation can also be used as
the post evaluation content of urban renewal projects whose planning and design
schemes have been completed. On the one hand, it can test the implementation of the
planning and design results of urban renewal projects on the microclimate construction
of blocks. On the other hand, it can also strengthen the basis of the management
department in the approval process, and test the existing or not meeting the expected
microclimate problems, so as to change the subsequent projects The process of good
and governance provides the basis.

4.4 Summary of this chapter
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This chapter first combs the current situation and background of the urban renewal
development in Shanghai, explains the huge potential of the renewal space scale of
Shanghai in the field of urban renewal, which is in urgent need of research and support,
and lists the completed urban renewal projects and related pilot work in recent years.
Then through the simulation analysis of the current layout of four typical urban renewal
projects in Shanghai, this paper explains the influence of block type and building layout
on the microclimate and thermal comfort of the block, and finds that for different types
of urban renewal projects, the distribution of microclimate and thermal comfort is
obviously different, with certain regularity and development characteristics of Shanghai
The particularity of. Finally, through the study of the relevant policies and management
processes in the field of urban renewal in Shanghai, it points out that the consideration
of microclimate and thermal comfort in the process is insufficient, and it is suggested to
add the pre assessment and post assessment contents in the microclimate and thermal
comfort in the early and later stages of the project development process, so as to guide
and post assess the planning and design of urban renewal projects in Shanghai Period
approval, governance process and other aspects of optimization.

-52-



Thesis of Double Degree Program from Politecnico di Milano

Chapter five: Simulation and optimization of microclimate
and thermal comfort in pre-evaluation of urban renewal
project

Before planning and design of urban renewal project, the pre evaluation can be
used to analyze the microclimate and thermal comfort of the project block, which has
guiding significance for planning and design. The urban renewal projects in Shanghai
show different characteristics due to the type, block layout, vegetation distribution,
constraints and other factors. In this chapter, Cao Yang village and Shanghai Music
Valley, two typical urban renewal projects in Shanghai, are selected. Based on the
simulation analysis of the blocks and the characteristics of the project, microclimate
and thermal comfort are proposed And the differences of microclimate and thermal
comfort optimization methods of different types of urban renewal projects are
compared.

5.1 Background of case block

In 2019, Putuo District has launched a comprehensive renovation plan, which will
carry out the renovation of old blocks by combining urban renewal, improving the
overall quality and other aspects, taking into account the characteristics of each block,
and carry out the transformation according to local conditions. Caoyang village is
located in Putuo District, Shanghai. It was built in 1952. It is the first group of new
workers' village built in New China and the fourth group of historical protected
buildings in Shanghai. It belongs to four categories of protection. Caoyang village
covers an area of about 7800m2, with large spacing between blocks. Due to the
disrepair for a long time, the block gradually exposed the problems of low material
structure standard and backward supporting facilities, but the block still has certain
cultural value.
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Fig 5-1 Bird's—eye view and current situation reference map of Caoyang village [73]

Shanghai Music Valley, located in Hongkou District, Shanghai, is a key cultural
and creative industry cluster area in Shanghai, belonging to the historical and cultural
area. There are a large number of Shikumen Lilong buildings in the block, such as
ruikangli and ruigingli Shikumen communities. There are many historic buildings in
the block. As early as 2011, Hongkou District officially used this area to build Shanghai
Music valley. Now it has become a block integrating residential, commercial and
creative functions [74]. This chapter selects the area north of Shajing port as the
simulation object, including the national music industry base, ruikangli and ruigingli
Shikumen communities, peninsula Bay fashion culture and Creative Industry Park, etc.
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Map of Shanghai Music Valley

------
----------

Fig5-2 Aerial view and panoramic reference of Shanghai Music Valley
Source: Internet

5.2 Simulation and evaluation of Caoyang village
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5.2.1 Block modeling

Using envi met software to model Caoyang village, including building, vegetation,
water body, paving type and other block characteristics in the block, the modeling area
size is 450m * 450m * 90m, the number of grid is 90 * 90 * 30, unit length DX = dy =
5m, DZ = 3M. The building height and layout of residential buildings in Caoyang first
village block are relatively neat. The buildings are arranged in a row, with a building
height of about 9 meters. There are cultural centers, banks, commercial stores, etc. in
the southwest, with the building height ranging from 12m to 27m. The northwest side is
a school building with a building height ranging from 9m to 21m and a low building
density. The blocks are dotted with buildings 18 meters and 33 meters high.

Caoyang village has a good overall greening condition, with tall street trees
planted on both sides of Huaxi Road, Tangpu road and Fenggiao road. Caoyang Park in
the East has a high greening rate, many arbors are planted and widely distributed. There
is a river beside Huaxi road to separate the blocks on the north and south sides. There
are differences in the pavement materials of the block ground. Envi met sets each
material as follows: the pavement material of the road is asphalt road, the pavement
material of the residential area is mainly masonry Road, and the other parts of the
ground are loamy soil.

Fig 5-3 Top view and aerial view of envi met model of Caoyang village
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5.2.2 Analysis of distribution and feature selection of thermal comfort in blocks
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Fig 5-4 PMV of Caoyang village

According to the simulation results of the PMV value of Caoyang village, the
overall thermal comfort distribution of Caoyang village shows a certain regularity
except that there are a few areas with great difference from the surrounding
environment. In some areas, for example, the PMV value of the East space of the
southwest building is about 3.0, the PMV value of the street space of Huaxi road from
southeast to northwest is about 3.1, the PMV value of the street space of Fenggiao road
from northeast to southwest is about 3.4, the PMV value of the street space of Tangpu
road from northeast to southwest is about 3.5, the PMV value of the non building and

tree shadow area in Caoyang village is about 4 .2 or so.
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Fig 5-5 Distribution and proportion of PMV in Caoyang village
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Fig 5-6 Characteristic point selection map of Caoyang village

The distribution of PMV value in the simulation area of Caoyang village 1 is
counted, the model boundary and some invalid points are eliminated, and the
proportion of the number of each interval point to the total number is made into pie
chart, as shown in Figure 5-5. Although the overall PMV distribution of Caoyang
village is poor, the space with PMV less than 3.9 accounts for about a quarter of the
total, and the space with PMV less than 3.5 accounts for 20%, indicating that in
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extreme climate conditions, some space thermal comfort evaluation is relatively good.
The space of PMV in 3.9-4.3 accounted for nearly 60%, while the space of PMV
greater than 4.3 accounted for 18%.

Based on the distribution of PMV value of Caoyang first village block, the
characteristic points of the block are selected through different sections of PMV value,
and the relationship between the current condition of the block and thermal comfort is
analyzed, as shown in Figure 5-6. According to the value of PMV, it can be divided into
five sections: 2.7 < Xi < 3.1 (Al); 3.1 < Xi< 35 (BIl); 3.5 < Xi<3.9(Cl); 3.9< Xi <
4.3 (DI); 4.3 < Xi (El). The current characteristics of all characteristic points are
summarized from three aspects: open degree, shadow area or not, and surface type, and
the current characteristics of each interval are analyzed, as shown in Table 5-1. It can
be found that whether the characteristic points of the block are in the shadow area has a
high consistency with its thermal comfort, and the thermal comfort of the building
shadow area is generally better than that of the tree shadow area. The environmental
openness and thermal comfort of the characteristic points of the block also show good
consistency, that is, when the layout of buildings, trees and other environments near the
characteristic points is compact, the thermal comfort is significantly better than other
spaces when the openness is dense. The PMV value of most of the feature points with
loose open degree is in the range of D and E, because these feature points are most
affected by solar radiation. The relationship between the surface type and thermal
comfort is weak. Grassland can improve the spatial microclimate to a certain extent, but
compared with the influence of shadow area and open degree on thermal comfort, it can
not be the determinant of thermal comfort. Even for artificial pavement such as
masonry or asphalt pavement, its space can form better microclimate and heat by
adjusting the spatial layout and creating shadow area Comfort.

Table 5-1 PMV value and environmental characteristics of characteristic points in
Caoyang vil lage

PMV value | number | PMV Current characteristics of | Status quo
interval value selected points (open degree; | characteristics of the
shadow area or not; surface | section
type)
A 2.959 Dense; Architectural shadow; | All  of them are
Masonry pavement located in the
A 3.041 Middle; tree shadow; Grass shadow area  of
2.7<x<3.1 , .
As 3.046 | Dense; Architectural shadow; | buildings or trees,
Masonry pavement and there are many
A 3.015 Middle; tree shadow; Grass shadow areas  of
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As 2.797 Middle; Architectural shadow; | buildings; the open
Grass degree of buildings
As 2919 Loose; tree shadow; Grass and open spaces is
A; 2.986 | Middle; Architectural shadow; | relatively dense;
Grass grassland is  the
majority of  the
surface
B: 3.316 Middle; Architectural shadow; | All of them are in the
Grass shadow area  of
B 3.466 Middle; tree shadow; asphalt | buildings or trees,
pavement and there are many
Bs 3.347 Dense; Architectural shadow; | shadow areas  of
Grass trees; the  open
31<x<35 | B, 3474 | Middle; tree shadow; asphalt | degree of buildings
pavement and open spaces is
Bs 3.212 Loose; tree shadow; asphalt relatively dense;
pavement there are grassland
and asphalt
pavement on the
surface
Bs 3.317 Middle; tree shadow; asphalt
pavement
B- 3.287 Loose; tree shadow; Grass
C: 3.618 Middle; few tree shadow; Grass | It is basically located
Cz 3.657 Middle; tree shadow; Grass in the shadow area of
Cs 3.754 Loose; few tree shadow; asphalt | trees, with large or
pavement small shadow range;
Cs 3.707 Middle: tree shadow: asphalt | the  building  and
3.5<xi<3.9 pavement open  space  are
mainly in the middle
degree of  open
space; the surface has
grass and asphalt
pavement
D: 4.076 Middle few  Architectural | There is basically no
shadow; Grass shadow or a small
D> 4.026 Middle; no shadow; Grass amount of shadow of
Ds 4.039 Loose: few tree shadow: Grass | buildings or trees,
39<x<43 | Ds 4116 Loose; no shadow: Grass except for D8, which
Ds 4.098 Loose : no shadow: asphalt | 'S located in the
pavement shadow area  of
Ds 4127 Loose; no shadow; Grass buildings; the. olpen
D7 4,142 Loose; no shadow; Grass degree of buildings
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Ds 4110 Middle; Architectural shadow; | and open spaces is
Grass relatively open; most
of the surface is
grassland
=) 4.334 Middle; no shadow; Loamy All of them are not in
E. 4316 Loose; no shadow; Masonry | the shadow area; the
pavement open degree  of
Es 4.406 Loose; no shadow ; asphalt | buildings and open
pavement spaces is  almost
Es 4319 Loose; no shadow: Masonry | €MPty; the surface
4.3<x pavement types are different
Es 4.340 Loose: no shadow: Grass and there is no
Es 4.388 Middle; no shadow; Masonry special rule
pavement
Er 4.395 Loose; no shadow; Masonry
pavement
5.2.3 Microclimate characteristics and analysis of block
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Fig 5-7 Wind speed diagram, air temperature diagram and relative humidity diagram of

Caoyang first village
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Fig 5-8 Average radiation temperature and sky angle coefficient of Caoyang village
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The simulation results of wind speed, air temperature and relative humidity of
Caoyang first village block are shown in Figure 5-7. From the wind speed map, we can
see that the main road Huaxi road in the block is generally windy, with a speed of about
2m / s, because it complies with the dominant wind direction, and there is no obvious
obstruction. The wind speed is generally large, and the narrow space of the road due to
the layout of the building forms a good air channel due to the narrow pipe effect. The
wind speed is further increased, and the wind speed between the buildings in the block
is very small due to the obstruction of the building and the layout mode of the block. In
addition to the large building density in the southwest and near the four large building
areas, the building density in other areas of the block is moderate, and in the areas with
large building density, due to the large interference on the air flow, the wind cannot
penetrate well, and the wind speed is generally poor compared with the areas with
moderate building density. The overall air temperature of Caoyang first village block is
well distributed, fluctuating at about 31.6 °C, which is related to the good distribution
of ecological conditions such as trees, grasslands and water in the block, and the air
temperature condition on the main air duct of the block is better. The air temperature in
Asphalt Road area is higher than that in other areas of the block, and the larger the area
is, the worse the air temperature distribution is. For example, at the road intersection, it
indicates the influence of the ground type on the air temperature. The good ecological
conditions of the block make the relative humidity distribution of the block better, and
the good connection of the wind in the main street further optimizes the relative
humidity distribution of the block.

As shown in Figure 5-8, the distribution of average radiation temperature in
Caoyang first village block is obviously different. As a whole, it shows the
characteristics of low average radiation temperature in street space and high average
radiation temperature in residential area. The difference can reach more than 20 degrees.
Because the tall street trees on both sides of the road in Caoyang village produce rich
shadow areas in the street space, the overall road receives low solar radiation, and its
average radiation temperature is low, while the distribution of trees in the block is
generally close to the building, and there is no coherent giaomukong, and the building
height in the block is generally low, so the average radiation temperature distribution is
poor. The distribution of the average radiation temperature map is consistent with the
distribution of PMV in the block, and in the block space with low average radiation
temperature, it corresponds to tree shadow area or building shadow area respectively,
and its PMV value is generally low, which indicates that the shadow area has brought
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significant improvement to the distribution of thermal comfort in the block. The sky
angle coefficient map reflects the airtight degree of the block space. The overall airtight
degree of the internal space of the residential area is relatively low, which is consistent
with the overall distribution of the average radiation temperature. There are several
open public space areas in the block, with a large sky angle coefficient, which can be
used as the space for the key improvement of microclimate and thermal comfort.

5.2.4 Correlation analysis of Microclimate Characteristics and thermal comfort

The thermal comfort condition of the block is affected by the microclimate
characteristics. The microclimate characteristic parameters of the characteristic points
selected based on the thermal comfort in Caoyang village are shown in table 5-2. Based
on the data of the characteristic points, the correlation analysis is carried out between
the thermal comfort index PMV value and the microclimate characteristic parameters,
as shown in Figure 5-7.

Table 5-2 Numerical table of microclimate parameters of characteristic points in
Caoyang village

. . i Average
Wind Air Relative L .
number  PMV . radiation Sky view factor
speed (n/s) temperature(®° C)  humidity (%)
temperature (° C)

Al 2.9591 1.3584 31.784 63. 986 43. 667 0. 32402
A2 3.0416 1.6772 31.722 64. 773 46. 045 0. 3206
A3 3.0462 0.80536 31. 858 62. 738 43. 18 0.21941
A 3.0158 2.0785 31. 444 64. 889 47. 696 0.17119
A5 2.7975  1.9224 31.554 64. 442 42.942 0.33716
A6 2.9197 2.1701 31. 567 64. 322 45. 722 0.4612
A7 2.9866 1.3457 32.023 62. 986 43. 426 0.31694
Bl 3.3169 0.36491 31.979 62. 828 44. 345 0. 29032
B2 3.4664 0.34104 31.943 63. 276 47. 06 0.15196
B3 3.3476  0.22377 31. 886 62. 765 45. 231 0.071055
B4 3.4746 0.14014 31.903 63. 399 47. 352 0. 16801
B5 3.2127 1.3546 31.976 62. 905 47.33 0.18175
B6 3.3176  0.7215 32. 409 61. 788 45. 385 0. 059722
B7 3.2876 1.5055 32. 282 62. 121 48. 117 0.2293
C1 3.6185 0.35844 31. 871 63.414 50. 188 0. 1525
C2 3.6571 1.594 32.073 63. 693 54. 886 0. 085913
C3 3.7544 1.0908 31.906 63. 482 54. 549 0. 33384
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C4
D1
D2
D3
D4
D5
D6
D7
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El
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889
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63. 26

63. 207
63. 34

63. 599
64. 221
62. 851
63. 365
62. 06

62. 763
63. 429
61.577
63. 02

62. 287
62. 474
62. 531

50.
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735
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. 57039
16149
29986
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. 27551
73903
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13984
33029
. 64444
. 50891
. 63761
. 67064
. 65623
. 68788

Table 5-3 Correlation analysis of PMV and microcl| imate parameters at characteristic
points in Caoyang village

Relationship between PMV and parameters of characteristic points in Caoyang village
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From the corresponding relationship between the thermal comfort index (PMV) of
the characteristic points of Caoyang first village block and the characteristic parameters
of microclimate, it can be found that the best correlation is the average radiation
temperature, which has a strong positive correlation with the thermal comfort PMV,
indicating that the average radiation temperature is the most critical factor affecting the
thermal comfort in summer, and that the shadow area has an important impact on the
thermal comfort in summer . The greater the wind speed in summer, the better the
thermal comfort. From the relationship between the wind speed and PMV value, it can
be seen that when PMV is less than 3.8, that is, when the feature point is basically in
the shadow area, the wind speed and PMV show a good negative correlation at this
time. When PMV is more than 3.8, the regularity of the wind speed and thermal
comfort at the feature point is weak, because the feature point is more affected by the
solar radiation at this time, which also shows that the wind speed is more than the shade
The influence of the shadow area on the thermal comfort of the block in summer is less.
The relationship between the air temperature and PMV value of the characteristic
points is consistent from the overall trend, and the relationship between the air
temperature and relative humidity is relatively consistent with the negative correlation.
From the perspective of the overall trend, the sky angle coefficient and PMV value
show a positive correlation, but the characteristic points fluctuate. Because the sky
angle coefficient describes the property of space closure degree, it does not have the
particularity of describing space thermal comfort under extreme time. However, in the
area with sky angle coefficient value greater than 0.5, because the surrounding block
environment is relatively open, it is easy to be affected by the radiation of the sun The
thermal comfort is generally poor, and the thermal comfort is relatively good in most
areas with small sky angle coefficient.

5.3 Simulation and evaluation of Shanghai Music Valley
5.3.1 Block modeling

Envi met is used to model Shanghai Music Valley, including building, vegetation,
water body, type of paving and other factors in the block. The size of the modeling area
IS 475m * 475m * 175m, the grid setting is 95 * 95 * 35, and the unit length DX = dy =
DZ = 5m. Shikumen building complex in the block is arranged orderly, with compact
layout, small building spacing and building height of about 6m or 9m. On the northeast
side is the national music industry base, with relatively scattered building layout, and
on the south side is Huaji apartment about 18 meters high. The southwest side of the
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block is the triangle Art Park, with a building height of about 15 meters. The height of
the creative park at the corner of Shajing port is about 15 meters. In addition, there are
two high-rise residential buildings with a height of about 45m and 69m in the
southwest of music Valley block in Shanghai. The building height of Creative Park in
the South ranges from 6m to 12m. There are high-rise residential buildings with a
height of about 75m, 36m and 78m in the East. In order to achieve high simulation
accuracy in the north of music Valley in Shanghai, the surrounding environment of this
part is unified for modeling.

There are only a few grasslands and trees in the national music industry base and
on both sides of the river along the Shajing port. Envi met sets the ground materials of
Shanghai Music Valley as follows: asphalt pavement is used for the road, concrete
pavement grey is used for the block interior, and loam is used for other parts.

Fig 5-9 Envi met model of Shanghai Music Valley
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5.3.2 Analysis of distribution and feature selection of thermal comfort in blocks
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Fig 5-10 PMV map of Shanghai Music Valley

From the simulation results of PMV value of Shanghai Music Valley, the overall
distribution of thermal comfort in the block is poor, as shown in figure 5-10. The
thermal comfort of triangle Art Park and southwest high-rise residential shadow area is
better, its PMV value is about 3.0, the thermal comfort of building shadow area of
space in ruianli and ruigingli Shikumen building complex in the block is general, its
PMV value is about 3.5, and the thermal comfort of other areas in the block is generally
poor, PMV value is greater than 4.0, the highest even reaches 4.5.

-66 -



Thesis of Double Degree Program from Politecnico di Milano

m2.7-3.3 Bk
m3.336
H3.63.9
m3.943

m4.3-4.7 IR

Fig 5-11 Distribution and proportion of PMV in Shanghai Music Valley
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Fig 5-12 Feature point map of Shanghai Music Valley

The distribution of PMV value in the simulation area of Shanghai Music Valley is
counted, the model boundary and some invalid points are eliminated, and the
proportion of the number of each interval point to the total number is made into pie
chart, as shown in Figure 5-11. The overall distribution of PMV in Shanghai Music
Valley is poor, the space with PMV greater than 4.3 accounts for about half of the total,
and the space with PMV less than 3.9 only accounts for about one eighth, indicating
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that the space with extremely poor thermal comfort in Shanghai Music Valley is still
the majority, and the area with good thermal comfort evaluation in the block is few, and
the overall thermal comfort in the street is poor.

Based on the distribution of PMV value in music Valley block of Shanghai, select
characteristic points, as shown in Figure 5-12. According to the PMV value, it is
divided into five sections, namely 2.7 < Xi < 3.3 (FI); 3.3 < Xi < 3.6 (Gl); 3.6 < Xi <
3.9 (HI); 3.9 < Xi < 43 (Il); 43 < Xi (Ji). The summary and analysis of the
characteristic points of Shanghai Music Valley block are shown in table 5-4. It can be
seen from the results that the few areas with better thermal comfort are all in the
shadow area of buildings, indicating the importance of shadow area for the thermal
comfort of blocks in summer. Although there are a few architectural shadows or arbor
shadows in some characteristic points, their thermal comfort is still very poor, because
the height of the internal buildings in Shanghai Music Valley block is generally low, so
it is difficult to provide sufficient shadow areas. Because of the low building height and
high building density in the block, the environmental open degree of the block
characteristic points is not obviously related to the thermal comfort.

Table 5-4 PMV value and environmental characteristics of characteristic points in
Shanghai Music Valley

PMV value | number | PMV Current characteristics of | Status quo
interval value selected  points  (open | characteristics of the
degree; shadow area or not; | section
surface type)
Fi 2.963 Middle ; Architectural | All of them are located
shadow; Loamy in the shadow area of
F, 3.109 Dense Architectural | buildings; the open
shadow; asphalt pavement | degree of buildings and
. i open space is relativel
27<x<33 | Fs 3.150 Eheandssw; ,Concrggmtectural dgnse; fhe e typeZ
are different and the
law is not obvious.
Fa 3.210 Dense Architectural
shadow; asphalt pavement
G: 3.508 Dense Architectural | All of them are located
shadow; concrete in the shadow area of
Gz 3.474 Dense Architectural | buildings;  the  open
3.3<x<3.6 shadow; concrete degree of buildings and
Gs 3.550 Dense Architectural | OPen space is very
shadow: concrete dense; the surface type
Ga 3.430 Dense ; Architectural | 'S concrete pavement.
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shadow; concrete
Gs 3.455 Dense Architectural
shadow; concrete
H. 3.814 Loose; noshadow; Loamy | There is only one
characteristic point in
this section, no shadow;
36<x<3.9 the degree of the open
space between the
building and the open
space is loose; the
surface type is loam
1 4.225 Dense ; Architectural | It is basically located in
shadow; concrete the shadow area of
2 4178 Middle ; tree shadow ; | buildings or trees, but
asphalt pavement the shadow area ranges
3 4212 Dense; few Architectural | from large to small; the
3.9<xi<4.3 shadow: Grass open degree of
4 4.184 Dense: few Architectural | Puildings —and — open
shadow; Grass spaces is  relatively
dense; the surface types
are different, and the law
is not obvious.
h 4.339 Dense ; Architectural | Basically, it is located in a
shadow; concrete small amount of building
1 4613 Loose; no shadow; asphalt | shadow area or no
pavement shadow area, and only
Js 4.477 Dense; no shadows asphalt | Oné characteristic point
pavement is located in the building
L 4597 Loose; no shadows: asphalt | Shadow area; most  of
4.3<x pavement the open degree of
Js 4.389 Dense: few Architectural | PUildings —and  open
shadow: concrete spaces are dense, and a
Jo 4515 Dense; few Architectural few —are loose; the
shadow: concrete surface type of asphalt
Jr 4.453 Dense; few Architectural pavement and concrete
shadow; concrete pavement have both
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5.3.3 Microclimate characteristics and analysis of block

F38E R RS EE 1

Fig 5-13 Wind speed diagram, air temperature diagram and relative humidity diagram
of Shanghai Music Valley
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Fig 5-14 Average radiation temperature and sky angle coefficient of Shanghai Music
Valley

The simulation results of wind speed, air temperature and relative humidity of
Shanghai Music valley are shown in Figure 5-13. It can be found that the wind speed is
very low because the overall building density of the block is large, and the building
spacing is small, and the wind is difficult to circulate in the block, but because the
dominant wind direction conforms to the river direction, and the building height in the
block is low, the high-rise residential buildings near the block block block the
interference of wind blocking and infiltration The low degree makes the wind penetrate
into the block from the street space at the river channel and high altitude, which
alleviates the low wind speed distribution in the block to a certain extent. The air
temperature distribution in Shanghai Music Valley block varies with different plots.
The air temperature fluctuates around 32.7 °C in Shikumen block of ruigingli in the

southeast plot, and around 32.3 C in Shikumen block of ruikangli in the northwest
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plot. The water body improves the air temperature to a certain extent, which makes the
air temperature in the River area of the block generally low, while the road The air
temperature of asphalt pavement is generally high. The air temperature of a few areas
with grassland vegetation in the block is lower than that of the road. The relative
humidity of the river area is relatively high, and the relative humidity of the national
music industry base in the northeast of the block is also high due to the distribution of
grassland and trees.

As shown in Figure 5-14, due to the scarcity of trees and grasslands and the low
height of buildings, the average radiation temperature in Shanghai Music Valley block
is extremely different. Only a few areas have low average radiation temperature due to
the shadow area of buildings, and other areas are higher than 60 degrees. The sky angle
coefficient of view of block buildings is generally low, but the compact space layout
does not bring good thermal comfort distribution effect because of the low building
height.

5.3.4 Correlation analysis of Microclimate Characteristics and thermal comfort

The parameters of the microclimate characteristic factors of the characteristic
points selected by Shanghai Music Valley based on the thermal comfort are shown in
table 5-5, and the correlation analysis between the thermal comfort index PMV value of
Shanghai Music Valley at the characteristic points and the microclimate characteristic
parameters is shown in table 5-6.

Table 5-5Numerical table of microclimate parameters at characteristic points of
Shanghai Music Valley

Air Average
Wind Relative
number  PMV temperature (° C L radiation Sky view factor
speed (n/s) humidity (%)
) temperature (° C)
F1 2.9634 3.5012 32.06 61.702 47.192 0.53533
F2 3.1096 2.5916 32.469 60.419 46.991 0.26854
F3 3.1507 1.9296 32.352 60.892 46.82 0.15319
F4 3.2105 1.8419 32.594 60.125 46.874 0.31906
Gl 3.5086 0.017321 32.359 60.736 46.612 0.25665
G2 3.4747 0.58897 32.54 60.425 46.706 0.18849
G3 3.5509 0.19911 32.563 60.348 46.654 0.26546
G4 3.4307 0.75022 32.64 60.285 46.699 0.23264
G5 3.4556 0.47359 32.072 61.851 46.59 0.41163
H1 3.8144 5.4594 32.36 61.707 67.471 0.80177
11 4.2257 2.5067 32.389 60.597 66.991 0.55912
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12 4.178 1.8454 32.501 60.424 63.119 0.46626
13 4.2127 0.1878 3231 61.18 60.531 0.28923
14 4.1845 0.64744 32.132 61.629 60.775 0.42533
11 43393 2.1613 32.351 60.812 67.47 0.30956
12 4.6131 1.088 32.665 59.867 67.548 0.559

13 4.4777 1.993 32.755 59.618 67.644 0.46291
14 4.5977 0.85721 32.56 60.481 67.677 0.63855
15 4.3895 2.2796 32.858 59.682 67.171 0.27651
J6 4.5157 1.0295 32.332 61.043 67.026 0.44539
17 4.4535 1.2027 32.116 61.632 66.747 0.68086

Table 5-6 Correlation analysis of PMV value and microcl imate parameters of Shanghai
Music Valley

Relationship between PMV and parameters of Shanghai Music Valley

. 6 . 2.8
Wind 3 . Air 5
Es P a6 3
1
speed 5, temperature | % » +
. * h 2.2 . * Y
. . 2 * * " — ——
? —s —** 18 e+ V5F *e o
—— ; v, R |
1 " . *«? 316 P
o T . a4 *
27 32 a7 a2 47 312
PV 26 31 3.6 41 4.6
PMVA
Relati g . A i 4
elative | 3 . ... verage 5 . . reae
- gy 615 . . ~ &5 —
humidit | = . radiation ) %
= —— * & ©
———* W
y 60.5 L — temperature f 55
- * &, * B
* ~
- s0 -
@
. * s e
., a5 _—
0.5 -
27 2 a7 42 47 w©
v 27 32 37 42 47
PMVA
09
Sky g .
. =07 >
view H oe *
0s * ¢t
factor 0 .- %
03 < . v,
. [ ...0
.
o1
]
27 12 a7 42 a7
PMvi

It can be seen from the corresponding relationship between the PMV value of
Shanghai Music Valley and each microclimate characteristic parameter that the best
consistency is the average radiation temperature. The average radiation temperature of
the characteristic points with PMV > 4.2 is more than 60 degrees. Only H1 point has
relatively good thermal comfort due to the high wind speed of 5m / s, indicating the
importance of shadow area to thermal comfort in summer. The wind speed of the
characteristic points in the block is in the shadow area and not in the shadow area, that
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is PMV < 3.9 and PMV > 3.9, which has a strong negative correlation with the PMV
value. The air temperature and relative humidity are characterized by large numerical
fluctuation and poor regularity due to the poor ecological conditions and single ground
type in the block, but there are grassland or arbor distribution near the points with low
air temperature, such as F1, G5, 14 and J7, indicating that the air temperature is affected
by the ground type. The thermal comfort of feature points with sky angle coefficient
greater than 0.5 is generally poor, except that point F1 is located in the shadow area of
high-rise residential buildings and point H1 is located in the high wind speed area,
which is different from other feature points.

5.4 Summary and optimization method of microclimate and thermal
comfort of case block

5.4.1 Summary of microclimate and thermal comfort of block

Through the simulation results of Caoyang village and Shanghai Music Valley, and
the analysis of their respective characteristic points and areas, it can be found that the
summer solar radiation has the most significant impact on the thermal comfort of the
block, and the difference between the shadow area and the non shadow area is obvious.
The building shadow area and the tree shadow area can bring obvious improvement
effect to the block. The closed degree of the block, namely the sky angle coefficient,
can reflect the reflection ability of the block to the solar radiation to a certain extent.
The block should try to avoid too open area, which is not good for the microclimate and
thermal comfort. The higher the building density is, the more shadow areas will be
produced, the lower the average radiation temperature in the block, the better the
thermal comfort of the block is generally, but at the same time, the building needs to
have enough height to produce shadow areas. Good ecological conditions, such as trees,
grassland and water body, can adjust the air temperature and relative humidity of the
block, and form better microclimate conditions, especially trees can produce shadow
areas, which can greatly improve the thermal comfort of the block space compared with
grassland and water body. Compared with the shadow area, the increase of wind speed
in summer has little effect on improving the thermal comfort of the block, but the
building layout of the block should conform to the dominant wind direction. The
ground type of the block is not the most important factor affecting the thermal comfort,
but the surface type with high reflectivity and strong permeability, such as grassland,
has better air temperature conditions than the hard ground such as asphalt pavement,
which is beneficial to the improvement of microclimate.
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Caoyang village belongs to the old district renewal in the urban renewal, Shanghai
Music Valley belongs to the historical area renewal, the block type and layout are
different. The streets of Caoyang village conform to the dominant wind direction, but
the direction of the dominant wind direction is not good in the internal layout of the
block. Most of the areas are low wind area or even no wind area, and the buildings in
the block are relatively low with large spacing, and there is a large open space, which
makes the internal thermal comfort distribution poor. The distribution of street trees on
both sides of the street is good, which makes the distribution of microclimate and
thermal comfort better. The overall better ecological conditions of the block improve
the overall air temperature of the block, and to some extent improve the microclimate
and thermal comfort, but the space in the block needs to be improved. The building
density of music Valley block in Shanghai is high, but the low buildings are not enough
to provide sufficient shadow area, which makes the distribution of thermal comfort in
the block poor, and the compact block layout also affects the circulation of wind in the
block. The river can improve the air temperature of the nearby area obviously, but it has
limited effect on the microclimate of the block. The lack of vegetation elements such as
trees and grassland in the block makes the distribution of microclimate conditions such
as air temperature and relative humidity poor. The single ground type of the block also
has a negative impact on the microclimate of the block.

5.4.2 Optimization method and evaluation of Caoyang first village block

Combined with the thermal comfort analysis and microclimate characteristic
analysis of Caoyang first village block, the main unfavorable space and local
unfavorable space of thermal comfort of Caoyang first village block are obtained, as
shown in Figure 5-15. There are two kinds of disadvantageous spaces in the block. The
main disadvantageous space is characterized by open space, which is greatly radiated
by the sun. The local disadvantageous space is characterized by the disadvantageous
points of wind speed, which has a strong blocking effect on the wind.
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Fig 5-15 Thermal comfort disadvantageous space in Caoyang first village

Although most of Caoyang first village block are old houses, which are in
disrepair for a long time, due to the existence of certain cultural value, the part of the
building should not be changed too much, so only some adverse points of wind speed
in the block are opened to improve the ventilation capacity of the block, as shown in
Figure 5-16. In the improvement of the space in the block, the open space scale should
be reduced, and the shadow area of the block should be increased by arranging trees
and grasslands, so as to improve the open space in the current situation. In addition, the
type of street paving shall be improved appropriately, as shown in Figure 5-17.
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Fig 5-16 The strategy to get through the adverse points of wind speed in Caoyang vil lage
(local)
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Fig 5-17 Strategy of reducing open space in Caoyang village (local)
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Fig 5-18 PMV diagram of Caoyang first village optimization plan

Integrate the optimization strategy of Caoyang village and import it into envi met
for simulation to get the PMV diagram of the optimization scheme, as shown in Figure
5-18. By comparing the microclimate parameters of the optimization scheme with the
current situation, the difference between the wind speed, air temperature, relative
humidity, average radiation temperature and the current situation in the optimization
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scheme is plotted, as shown in Figure 5-19. It can be seen that the wind speed at several
wind speed adverse points in the block has been significantly improved, and the
ventilation capacity has been improved. Reduce the open space, and increase the
distribution of trees and grassland in the block, so that the microclimate distribution of
air temperature, relative humidity and average radiation temperature in the block is
better. As shown in Figure 5-20, the thermal comfort of the whole block of Caoyang
village is improved, the overall PMV of the block is reduced by about 0.1, and the

PMV of the local space is reduced by 0.25.
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Fig 5-19 Microc| imate parameter diagram of the optimization scheme of Caoyang village
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Fig 5-20 PMV comparison of optimization scheme of Caoyang first village

5.4.3 Optimization method and evaluation of Shanghai Music Valley block

Combined with the thermal comfort analysis and Microclimate Characteristics
Analysis of Shanghai Music Valley block, the main unfavorable space and local
unfavorable space of the thermal comfort of Shanghai Music Valley block are obtained,
as shown in Figure 5-21. The overall layout of the block is very compact, and the main
disadvantageous space is characterized by the strip lane space of ruikangli and ruigingli
Shikumen lane and the large area of open space along the river, while the local
disadvantageous space is characterized by the lack of vegetation distribution.
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Fig 5-21 Shanghai Music Valley block space thermal comfort disadvantageous space

Shanghai Music Valley block has Shikumen community with cultural protection
value, so the original building part should not be changed. The typical problem of
microclimate in the block is the lack of ecological conditions such as trees and
grasslands. By increasing the grassland and trees in the block, the greening rate of the
block can be increased and the microclimate conditions of the block can be improved,
which can alleviate the shadow of the block caused by the low building height to a
certain extent The lack of area and the increase of grassland can also alleviate the
microclimate problems such as the poor air temperature caused by the large area of
artificial hard ground. Strategies for increasing vegetation in lane and block spaces are
shown in Figure 5-22 and figure 5-23.
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Fig 5-24 PWV chart of Shanghai Music Valley optimization plan
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Integrate the optimization strategy of Shanghai Music Valley, and use envi met
simulation to get the PMV diagram of the optimization scheme, as shown in Figure
5-24. By comparing the microclimate parameters of the optimization scheme with the
current situation, the difference between the wind speed, air temperature, relative
humidity, average radiation temperature and the current situation of the optimization
scheme is plotted, as shown in Figure 5-25. It can be seen that the increase of
vegetation in Lilong and block space improves the air temperature and relative
humidity distribution in local space, and the appropriate increase of arbors provides
part of the shadow area, which reduces the average radiation temperature of block
space. Make a difference between the optimized PMV distribution of Shanghai Music
Valley block and the current block, as shown in Figure 5-26. It can be seen that the
thermal comfort in the local optimization space is improved, and PMV is reduced by
about 0.15.
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Fig 5-25 Microcl imate parameters of Shanghai Music Valley optimization scheme
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Fig 5-26 PMV comparison of Shanghai Music Valley optimization scheme

5.4.4 Comparison of case block optimization methods
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Fig 5-27 Left: PMV difference diagram of optimization scheme of Caoyang first vil lage;
right: PMV difference diagram of optimization scheme of Shanghai Music Valley

From the comparison between the optimization scheme of Caoyang village and the
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optimization scheme of Shanghai Music Valley and their current PMV, it can be seen
that the overall thermal comfort of Caoyang village has been better improved, while the
improvement of Shanghai Music Valley block stays in local space. In terms of renewal
techniques, Shanghai Music Valley is a historic conservation area, which can not be
changed in the block building part. In terms of block characteristics, the building layout
of Caoyang village is relatively loose, while the layout of Shanghai Music Valley is
very compact, and the ecological conditions of the two projects are obviously different.
Based on the different characteristics of the two projects, Caoyang village has more
available strategies for microclimate and thermal comfort, and the effect of
optimization scheme is better. Shanghai Music Valley mainly adopts vegetation mode,
but due to the lack of ecological conditions of the block itself, vegetation strategy can
bring better microclimate and thermal comfort to the block. The improvement of
microclimate and thermal comfort in Caoyang first village mainly lies in the
improvement of ventilation capacity and the adjustment of open space, while the
improvement of music Valley in Shanghai mainly lies in the improvement of ecological
conditions and average radiation temperature. It can be seen that the improvement
strategies adopted for different characteristics of urban renewal projects are different.
However, through appropriate strategies, all of them can be street belts To improve
microclimate and thermal comfort.

Among other feasible measures, Caoyang village can create a good outdoor
microclimate and thermal comfort area by means of trees, outdoor corridors, etc., and
can be optimized by artificial means such as shadow device and water spray device, so
as to improve the ecological conditions and average radiation temperature of the block.
In the actual planning and design process, it is necessary to consider the spatial function,
spatial construction and other aspects, according to the actual situation, to achieve with
a variety of plant types, such as "arbor + Bush", "arbor + Grassland" and other ways.
Due to the compact layout of music Valley block in Shanghai, the sun shading device
can be used in the walkway to further improve the ecological conditions and average
radiation temperature of the block to improve the thermal comfort of the block. In
addition, the use of space needs to consider practicality, not too limited, and the
arrangement of plants and devices should not excessively interfere with the use of
space. The optimization of some artificial devices cannot be simulated, so it is not
presented in the scheme optimization diagram.

5.5 Summary of this chapter

In this chapter, based on the case study of Caoyang village and Shanghai Music
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Valley, following the analysis logic of status analysis, thermal comfort analysis,
microclimate characteristics analysis, correlation analysis of Microclimate
Characteristics and thermal comfort, summary of microclimate problems, optimization
scheme and optimization strategy, the problems existing in the microclimate and
thermal comfort of the two case blocks are firstly analyzed Line analysis, and then
analyze how the microclimate characteristics and thermal comfort of the case block are
specifically related at the block level. Finally, through the combination of the above
two parts of analysis, the feasible optimization methods for each case block are
proposed. Each urban renewal project has its particularity. The simulation analysis
process of microclimate and thermal comfort in this chapter can be used as the pre
analysis, i.e. pre evaluation, to provide basis and strategic guidance for the planning
and design of subsequent urban renewal projects.
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Chapter six: Simulation and optimization of microclimate and
thermal comfort in post-evaluation of urban renewal project

After the completion of the planning and design of the urban renewal project, the
microclimate and thermal comfort of the block planning and design can be analyzed
and evaluated through the post evaluation. In this chapter, the urban renewal design
scheme completed by Carlos Ignacio Carreno Yepes is selected as the object. Through
the simulation analysis of microclimate and thermal comfort of the scheme, the scheme
post evaluation is carried out, and further optimization strategies are proposed.

6.1 Background and introduction of design scheme
6.1.1 Project background

The urban renewal project selected in this chapter is located in an empty plot near
the Bund of Huangpu District, which is currently used as a temporary parking lot, as
shown in Figure 6-1. The block is located in the Bund historical reserve. The
surrounding Beijing East Road and Sichuan middle road are the never widening roads
determined by Shanghai. The surrounding environment of the block has high building
density and compact layout. Part of the west side of the plot is the existing multi-storey
building, and the south side of the plot is the high-rise Shenhua financial building office
building. The design purpose of this project is to realize the regeneration of vacant land
in the high-density urban environment of the center of Shanghai by means of urban
renewal.
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Fig 6-1 Left: satellite map of the project block; right: current situation map of the
project
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6.1.2 Introduction of design scheme

The scale of the project block land is compact, less than 100m in the north-south
direction and less than 60m in the east-west direction. In addition, the urban renewal
plan not only needs to consider the relationship with the surrounding building volume,
shape and other factors, but also has strict height limit requirements, and there are
many limiting factors for the project. The buildings on the north side of the design plan
are interconnected, and the buildings on the south side are of low height, 15m and 5m
respectively. The buildings on the north side have open-air courtyard space, as shown
in Figure 6-2. The north and south buildings are respectively connected by one floor
building space and outdoor terrace space. The roof platform of the first floor building is
accessible for pedestrians. There are many small trees and grasslands in the outdoor
space, and the outdoor space adopts multi scene design, as shown in Figure 6-3.

\ ! &

Fig 6-3 Design scheme outdoor space renderings, Carlos Ignacio Carreno Yepes, 2019
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6.2 Simulation of design scheme
6.2.1 Block modeling of design scheme

The modeling area size of the block in the design scheme is 135m * 135m * 190m,
the number of grids is set as 45 * 45 * 38, unit length DX = dy = 3M, DZ = 5m. The
modeling area includes the existing multi-storey buildings on the west side of the plot,
as well as some buildings on the East and south side of the plot, as shown in Figure 6-4.

Fig 64 Design plan envi met model top view and aerial view

6.2.2 Thermal comfort simulation of design scheme

The thermal comfort of pedestrian height in the design scheme is divided into the
ground and the roof platform of the first floor building, i.e. 1.5m and 6.5m horizontally.
The thermal comfort of these two height blocks is simulated and analyzed, as shown in
Fig. 6-5 and Fig. 6-6. It can be seen from the simulation results that the distribution of
thermal comfort in the outdoor space at the ground is very poor, PMV values are
greater than 4.5, and the distribution of thermal comfort in the shadow area of the North
Building and the courtyard space is good, PMV values are about 3.4. The shadow area
of the south building is less, and its PMV value is between 3.6 and 4.2. A few spaces on
the roof platform of the first floor are located in the shadow area of the West building,
with good thermal comfort distribution, PMV value of about 2.9, and PMV value of
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about 4.2 in other spaces. The PMV value of southeast roof platform is about 4.1.
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Fig 6-6 PMV diagram at 6.5m level of design scheme
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6.2.3 Microclimate Simulation of design scheme

Microclimate Simulation of pedestrian height in the design scheme, i.e. at the level
of 1.5m and 6.5m, as shown in Fig. 6-7 and Fig. 6-8. It can be seen from the simulation
results that the wind speed in the outdoor space is generally very small, which is less
than 1 m/ s. The air temperature distribution of the road from the west to the east of the
block is gradually increasing. The air temperature distribution of the road from the east
to the south is very poor. The air temperature distribution in the courtyard is generally
better than that in the outdoor space. The distribution of relative humidity in the block
is decreasing from the west to the East. The average radiation temperature of the
existing multi-storey buildings on the west side of the plot is well distributed. The
average radiation temperature of the outdoor space of the project block is generally
above 65 degrees, and the average radiation temperature of a few spaces is about 50
degrees. The wind speed distribution at the first floor platform is better than that at the
ground, and the wind speed is generally higher than 1 m / s. The distribution trend of
air temperature and relative humidity is the same as that at the ground, and the average
radiation temperature is better than that at the ground.
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Fig 6-7 Microcl imate parameter diagram at the level of 1.5m in the design scheme
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Fig 6-8 Microcl imate parameter diagram at the level of 6.5m in the design scheme

6.3 Post evaluation and optimization of design scheme
6.3.1 Advantage analysis of microclimate and thermal comfort of design scheme

Combined with the simulation results of microclimate and thermal comfort, the
advantages of the design scheme are as follows: first, the design method of internal
courtyard is adopted in the north side, which brings sufficient shadow area to the
courtyard space of the building, reduces the average radiation temperature of the
courtyard, and the courtyard is set with grass and arbor, which further optimizes the air
temperature of the courtyard, as shown in Figure 6-9; second, the southeast side of the
scheme is built The building is only one floor high, which conforms to the dominant
wind direction, and has little impact on the flow of the wind in the block. In addition,
the building part on the north and south sides of the plan, except for the building space
on the first floor, all the walls on the other floors are opened, which enhances the
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ventilation capacity in the block, as shown in Figure 6-10. Thirdly, the outdoor space is
provided with a large area of grassland, which optimizes the microclimate distribution
to a certain extent A small landscape waterfall is set up in the outdoor space from the
roof platform of the first floor building to the ground, and the microclimate of the

outdoor space is further optimized by using the water body.

A

Fig 6-10 Ventilation analysis diagram of design scheme block

6.3.2 Analysis of design scheme microclimate and thermal comfort

The problems of the design scheme in microclimate and thermal comfort can be
divided into three points: first, the outdoor space on the ground is relatively open, and
the outdoor space with too large area is subject to strong direct solar radiation, so the
thermal comfort is poor. Moreover, the landscape trees in the outdoor space are
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insufficient to provide enough shadow area, and the effect of improving the thermal
comfort is not obvious, as shown in Fig. 6-11 2.  The air temperature of the road space
adjacent to the block is very poor, as shown in Figure 6-12; thirdly, the average
radiation temperature at the roof platform of the building on the southeast side is poor,
and the thermal comfort of the space here is also poor, as shown in Figure 6-13.

Y (m)

B atrnem

Fig 6-11 Analysis diagram of thermal comfort unfavorable space in outdoor space of
design scheme
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Fig 6-12 Analysis diagram of adverse space of microclimate on the road adjacent to
the design scheme
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Fig 6-13 Analysis diagram of microc|imate adverse space of roof platform (+ 6.5m) in
design scheme
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6.3.3 Optimization method of design scheme

To evaluate the advantages and problems of the microclimate and thermal comfort
of the design scheme, the following five measures can be taken to optimize the scheme:
first, the part connecting the north and south buildings can move to the East
appropriately, reduce the area of the outdoor open space, and make full use of the
microclimate and thermal comfort advantages of the existing multi-storey building
shadow area in the West; second, the outdoor open space can pass through In addition,
sunshade devices can be used to further reduce the solar radiation of the space. Thirdly,
trees in the scheme can choose trees with larger crown and higher height, which can
provide more outdoor shadow areas and lower the outdoor space under the condition of
good ventilation near the ground The average radiation temperature between the
buildings, so as to optimize the thermal comfort situation; fourth, the space adjacent to
the road should be set with continuous street trees, and increase vegetation such as
grass, shrubs, etc., to alleviate the problem of air temperature rise caused by the road
pavement; fifth, the roof platform (+ 6.5m) of the southeast building should not be fully
open, it is recommended to properly cover the roof, or level the three floors of the
southwest building The platform is properly extended to serve as the roof of the
outdoor space on the southeast side to alleviate the problem of rising average radiation
temperature caused by solar radiation.

6.4 Summary of this chapter

In this chapter, the microclimate and thermal comfort of a vacant land near the
Bund are simulated by post evaluation method. Through the combination with the
analysis of microclimate and thermal comfort, the effect of microclimate and thermal
comfort of the block is evaluated from two parts of scheme advantages and scheme
problems, and the deepening direction and optimization method based on the scheme
are proposed . It can be seen that through the post evaluation method of microclimate
and thermal comfort, the planning and design scheme of urban renewal project can be
further analyzed, the existing problems can be tested or the further optimization
direction can be found, which provides an effective evaluation method for the audit
work of relevant planning and design management departments.
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Chapter seven: Conclusion and prospect

7.1 Strategies and optimization methods for microclimate and thermal
comfort of Shanghai Urban Renewal Project

7.1.1 Microclimate and thermal comfort strategy of Shanghai urban renewal project in
planning and design

In recent years, with the frequent occurrence of extreme high temperature days in
summer in Shanghai and the deterioration of urban outdoor environment, the public
demand for the quality of urban space is getting higher and higher, expecting the
improvement of microclimate and thermal comfort, so it is urgent for planning and
designers to pay attention to it, and use the relevant strategies of microclimate and
thermal comfort in the corresponding project development. The current urban renewal
in Shanghai is faced with many problems such as land resource constraints and
insufficient space quality [4]. The constraints of urban renewal projects are different
according to different types of projects. Based on this, we should take appropriate
microclimate strategies to optimize the target blocks. Based on the relevant research
content of this paper, this section improves the target city renewal project block through
the summary of building block, block and building indication, material, block
ecological characteristics and artificial devices. As shown in table 7-1, the analysis of
block microclimate and thermal comfort should be taken as the basis before the urban
renewal project, and on this basis, the microclimate and thermal comfort should be
defined The objectives and principles of adaptability improvement provide strategic
guidance for the follow-up design.

Table 7-1 Suggestions on microclimate strategy of Shanghai Urban Renewal Project

Urban renewal category

Project
buildings need
protection and

Demolition and Local demolition
reconstruction of all and reconstruction
project buildings of project buildings

repair
The building layout | The building layout
_ should conform to the | should conform to
- Architectural . . . o .
Building dominant wind | the existing main air | Remain
layout and o .
block part . . direction in summer; duct in the area; unchanged
orientation

The building layout | It is better to adopt
should be consistent | more determinant
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with the main air duct;
It is better to adopt
determinant or point
group layout rather
than enclosed layout

layout than
enclosed layout

The building density
should be increased,

Bulding | but the buiding | M3e e b ain
. . building density to
density spacing should be unchanged
a proper value
controlled, not too
small;
Increase the height
The building height | of the  building
should be increased | appropriately if
tely: . .
Building appropriately; conditions perm|t, Remain
height The shadow area | Reconstruction of unchanged
9 should cover more | building height 9
outdoor space at | should cover more
noon in summer outdoor space at
noon in summer
The air duct of the
When the building | building shall be
Buildin blocks the air passage, | properly opened; Open properly
g it shall be properly | Where the wind |at the place
overhead . .
and opened,; speed is not good, | where the air
openin Appropriate use of | the bottom building | duct is blocked
P g overhead or open |can be used for | if possible
ground floor overhead or
opening
The
Reduce the use of Impermeable,

. . . dense and
The material with good | dense materials;

. low
permeability should be | Natural ground reflectivit
selected; should be used materialsy

Block and Natural ground and | more when
. . . . . . shall be
building Paving high reflectivity | conditions permit; roperl
surface and material materials should be | Appropriate use of b _p y
. . ) . adjusted to
material selected and verified | high reflectivity
. . . . . the  natural
by simulation; materials in line
. . ground or
Avoid large-scale | with  the overall
. L permeable
dense materials characteristics  of .
and high
the area .
reflectivity
materials
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Light color and high

Light color and high

. emissivity roof | Increase roof
reflectivity roof _ .
- . materials should be | greening
Building materials should be
used when | when
roof used; . . .
. conditions permit; conditions
More - roof ~ greening Increase roof | permit
should be adopted . P
greening properly
The light color and
high emissivity
Light color and high | facade materials
- , Increase
reflectivity facade | conforming to the
_— . . facade
Building material should be | characteristics  of ceenin it
facade used; the plot shall be 9 " d
. conditions
More facade greening | used when .
. . permit
should be adopted conditions permit;
Proper increase of
facade greening
More trees should be .
. .| The main path of | Trees shall be
planted, with emphasis .
. .| the block should be | increased
on sidewalks and main | . . .
increased with | appropriately
streets, trees; when
Trees should be used ' iy
. . Trees should be | conditions
Tree in the open space with . .
used properly when | permit, with
large sky angle .
. the space | emphasis on
coefficient conditions are open | main activit
Trees should be used b y
. and the sky angle | space and
in non shaded areas at L .
coefficient is large main path
noon and afternoon
Increase the
Ecological rate of green
characteristics It is advisable to space and
of the block increase the rate of increase the
Increase the rate of
green  space and scattered
o green space
optimize the _ green space
o appropriately, and .
distribution of green appropriately
Green adopt more
space; when
space rate scattered green .
Scattered green space conditions
space; .
layout  should  be Abbrooriate  roof permit;
adopted; fepenii Roof
Roof greening should 9 9 greening
be adopted when
conditions
permit
Water body | Water of sufficient area | Use water when | Use water
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should be used conditions permit when
conditions
permit
If conditions
permit,
cornice,
The functional | awning and
For the functional | space or main path | other devices
_ space or main path | of the shadow free | that can
Devices .
that without shadow area | area at noon shall | produce
at  noon, cornice, | be properly | shadow area
produce . . .
awning and other | equipped with | shall be
shaded _ .
devices that can | cornices, sunshades | properly used
areas . .
produce shadow area | and other devices | in the
can be used that can produce | functional
Manual .
. shadow area space or main
device part
path of the
shadow free
area at noon
For space or
.| main path
. For space or main .
Appropriate  use of _ with poor
e e path  with  poor
Artificial artificial cold source thermal
. thermal comfort,
cold source | devices that generate Py comfort,
_ . artificial cold source i
device wind and water, such . artificial cold
. device should be .
as fans, fountains, etc source device
used
should be
used

7.1.2 Microclimate and thermal comfort strategies in the management process of
Shanghai Urban Renewal Project

There are a large number of urban renewal projects in Shanghai, and the types are
complex. When using microclimate strategy to plan and design urban renewal projects
of different types and different block characteristics, it is necessary to take
corresponding planning and design strategies and management methods in combination
with the actual situation of the project block. The numerical simulation software of
urban block has been widely used in the research of urban environment and urban
space. Through the calculation and processing of the model, the simulation results can
be obtained efficiently and accurately. Taking the urban microclimate software ENVI
met as an example, through the measurement and modeling of the target project block,
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the simulation results based on envi met output can be used to develop the
microclimate and thermal comfort of the corresponding block According to the
simulation results of PMV value of the block, analyze the overall thermal comfort
unfavorable area of the project block, and provide quantitative microclimate
optimization strategy guidance for the block through microclimate conditions such as
wind speed map, air temperature map, relative humidity map, average radiation
temperature map, sky angle coefficient map, etc. In the management process of urban
renewal project, it is suggested that in the evaluation, approval and later governance
research, numerical simulation software that can be used for quantitative simulation
should be used to guide the management process more scientifically through the
simulation results.

For urban renewal managers, in the early stage of the project, the analysis of
microclimate and thermal comfort of the project will be put in front, which is
conducive to the quantitative optimization of the urban environment. Therefore,
Microclimate Simulation should be taken as the pre assessment step in the early stage
of urban renewal project. Shanghai urban renewal carries out the whole life cycle path
from regional assessment to implementation plan. Assessment is an important part in
the process of urban renewal [75]. The pre evaluation before the planning and design of
the project block, combined with the characteristics of the project and the relevant
limiting factors, selects the appropriate microclimate strategy, which has an obvious
effect on the optimization of the block. For the planning designer, the pre evaluation
before the design is aimed at improving the microclimate environment of the block,
which can effectively guide the design and control the later planning and design.

After the design scheme is completed and submitted for review, the urban renewal
manager can carry out post evaluation for the microclimate and thermal comfort of the
block in the management process, review and optimize the building monomer design,
outdoor space design, functional streamline setting, landscape design and other aspects
of the project block scheme, and play a controlling role in the real implementation of
the scheme twice.

7.2 Conclusion and innovation

At present, the research on the combination of urban renewal, microclimate and
thermal comfort generally stays at the level of single project case study. Taking
Shanghai as an example, there is no systematic study on the planning and design
strategy of block scale urban renewal project. Based on the climate characteristics of
Shanghai in summer, this paper combines the microclimate and thermal comfort
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research of block scale with the urban renewal project of Shanghai, systematically
summarizes the microclimate and thermal comfort optimization strategies of the urban
renewal project of Shanghai, and puts forward the optimization and integration
methods of microclimate and thermal comfort for the management process, planning
and design strategies of urban renewal in Shanghai, The main conclusions are as
follows:

(1) Based on the climate characteristics of Shanghai, the strategies of microclimate
and thermal comfort of Shanghai urban renewal project can be divided into two parts:
one is guided by the controllable factors of urban blocks, the other is guided by the
design strategies. The optimization strategies guided by the controllable factors of
urban blocks can be divided into five parts, namely, building density and height, sky
angle coefficient, building layout, green space rate and greening Layout and water body,
paving materials, the optimization strategy oriented by design strategy can be divided
into four parts, namely, creating shadow area, creating air channel, optimizing the
surface materials of blocks, increasing and optimizing plants and water bodies.

(2) The validity of envi met in Shanghai is verified by the combination of
measurement and simulation. By the way of quantitative simulation, the PMV value of
thermal comfort of the basic model and the related control block is simulated, and the
thermal comfort of the block is obtained by building density, building height, building
orientation, arbor and grassland, and the reflectance of ground material The influence
degree of sexual distribution.

(3) Based on the research on the background and development process of urban
renewal in Shanghai, the simulation of representative projects, and process
management, this paper takes the case of representative urban renewal projects in the
reconstruction of Shanghai Industrial Zone and old residential area as the analysis
object, and finds that the block type, building layout and other factors have different
effects on the microclimate and thermal comfort of the block, which should be paid
attention to Take effective strategies to optimize. It is proposed to add pre assessment
and post assessment based on microclimate and thermal comfort in the process of
Shanghai urban renewal project.

(4) Taking Caoyang village and Shanghai Music Valley as pre evaluation cases,
through systematic analysis, the paper studies the relationship between microclimate
and thermal comfort, the summary of microclimate problems, the analysis process of
optimization schemes and strategies, and the proposal of relevant strategies, and studies
the relationship between microclimate and thermal comfort and urban renewal Based
on the analysis method of the project, it is found that there are not only common
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problems in the summer microclimate and thermal comfort of Shanghai urban renewal
project, but also special problems according to the characteristics of each project.

(5) Taking the urban renewal design scheme of a vacant land near the Bund as a
post evaluation simulation study, the microclimate and thermal comfort of the street
area in the scheme are analyzed. According to the simulation results, the advantages
and problems of the scheme in the perspective of microclimate and thermal comfort are
found, and a further optimization method is proposed.

(6) Based on the classification of Shanghai urban renewal projects in terms of
renewal techniques in terms of total demolition, partial demolition and protection, this
paper discusses the four parts of building block, block and building surface, material,
block ecological characteristics and artificial devices, and summarizes two strategies
and methods in terms of microclimate and thermal comfort, that is, the optimization
strategy and management process in planning and design Optimization strategy in.

7.3 Future research

There are many types of urban renewal projects in Shanghai, and the urban
renewal process management is also in the initial stage. The urban renewal projects
studied in this paper are not enough to cover the types and characteristics of all urban
renewal projects. The research on the combination of microclimate and thermal comfort
with the planning, design and management process of urban renewal in Shanghai also
needs to be further deepened.

In this paper, envi met software is used for simulation analysis. However, due to
the complexity of urban block environment and the limitation of modeling accuracy of
the software itself, it is necessary to simplify the block model to a certain extent, and
the simulation results have certain deviation. The simulation area involved in this paper
is not close to the software modeling boundary as much as possible. Envi met can not
simulate the characteristics of urban continuity well at the edge of the modeling model
due to the lack of surrounding environment information, so the central area of its
simulation range is more valuable [31]. Considering that the research focus is block
scale, the accuracy of the modeling model of urban environment is missing, and the
accuracy of envi met simulation should adapt to the research scope. In the future
research, more factors that affect the microclimate of the block can be taken into
account, such as building details, materials, vegetation types, etc., which can more
accurately simulate the microclimate of the block And thermal comfort.

Although envi met is mainly used for the simulation of urban microclimate, it has
different values for the city from macro scale, meso scale to micro block scale. From
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the perspective of multi-scale simulation, envi met can be coupled with other numerical
simulation software suitable for large scale to study the urban environment. This paper
focuses on summer, but according to different research topics and urban research types,
we can also study the microclimate and thermal comfort throughout the year, or study
different research project categories, such as the applicability of microclimate and
thermal comfort strategies under different types of project conditions. In addition, cross
research with other fields is also the direction of future urban research, such as planning
and design based on microclimate and thermal comfort, and interdisciplinary research
and application of atmospheric meteorology, building energy consumption, etc., which
will provide a new vision for urban microclimate and thermal comfort research.
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