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CSTB

le futur en construction

MORPHOLOGICAL APPROACH TO CHINESE URBAN SUSTAINABILITY
] ] e BE S IT HTJE8Y 7 7

Science and Design informing Sustainability in High-density Cities
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The project I B

Chinese eco-cities and sustainable buildings of the P W
future

o] A2 28k T MR R AT A A e i AR

CSTB

The CSTB project is mainly financed by a FASEP fund

(administered by the DGTresor, French Ministry of Economy). ‘

VA E SR EOR G0 (CSTB) T H HFASEPIE &4 9t 4 (%4 i
LI IHT A 20 R BB R AT S (O6Treson) 8T

FRIARL N A AT 5T, )
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The project I B

It aims at creating synergies between innovative French firms, which
have until now offered separate systems and products, in order to
build sustainable buildings and cities.

IH & AU ESRAE TR ARG S A E A, DL n Ak
) 28 AN T

The CSTB (French Scientific and Technical Construction Center)
brought its scientific and technical expertise to develop concepts and
guidelines to build eco-cities and sustainable buildings, as a support
of an integrated offer of systems and products.

IR EIRA RO L (CSTB) R H B 240 A B A3 3y Al ] #2824
RS A RIS BN, AL R G0R 7 I B T 17 0 12
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The Partners in France

FEVA E B SRR A

W WAFEX (Qveoua ®
GREEN FORTUNE DI:%N smﬁmm 'Jr""'g}bufr iIsover
@|oyproc  FRVE:|  [Waereco g Schneider

dlegand--« CSTB @ comir ()

[EUREAL
NVERITAS
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Partenariats S1EHLH

————— e
i

MINISTERE DB L BCoNOaMin
DE LINDUSTRIE ET DE L EMPLO

Mission Economique E;'—lr-
REPUBLIQUE FRANCAISE

Shanghai Research
Institute on Building
Science

2 . L 7 ]
Les Ateliers de Cergy : B

MINISTERE DE L'ECONOMIE

Pontoise Ecohome pavillon joint

. L. design and construction
Wide and efficient Scientific partnership

Network and Logistics CSTB SRIBS

> futur en construction

Scientific collaboration
On EconelghborhOOd ®€ O , TOMNGH UNIVERSITY

And ecocitv desian_ \__;23 CA[JP

College of
Architecture and

Tongjl

- Urban Planning
Cornell
University university Lo
Top level Research FASEF _ Strong partnerships with
and accademical network coordination local Key decision makers
Schneider & Ll legrand” e S0
6;:;:‘:’:3 &EIEC“ .= T‘ aereco t ;‘ AREP Groupe — fg = BN
€DF Heliotrope I c1AT @ Socrean
Operational professional exchanges g -
. . . LAFARGE Il I =5 10SIS
& introduction of French technologies @ veoua £ S 4

Forum THNS 2011 November 5-6 Shanghai



Content

le futur en construction W 2

BThe Building Scale : the Eco Home In

Shanghai B P LAESK

Forum THNS 2011 November 5-6 Shanghai 8



ST

le futur en construction

The Eco Home project 3 H

The project has been done in
cooperation with the SRIBS,
CSTB’s counterpart in Shanghai. &
CSTB has contributed to the
conception of the Ecohome
Pavilion.

IR A RS URRE R A AT
CEAE LR RIEE SRR
RIS, IRE SR L )
A R AR R R R T SO
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The Eco Home project i H

Built by the SRIBS (Shanghai Research Institute of Building Sciences),
It is a prototype of the perfect sustainable building, aiming at being
reproduced in the whole China after the expo. Being the only Chinese
building of this type, its influence goes past the C|ty of Shanghai.

P EAERE R TR R AR
b (SRIBS) PR R, BN
A RFEE AR R Y, THRIE 4

Eﬁéﬁﬁf VE kg v [ i — JH
KA AR, HopmveHEs T -
VEETIT 6
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ral common solutions and performances in effinergie projects

Zero Energy Building: general concept

Architeciural design Insulation of opagque walls

effinergis RT 2005 efinergie BT 2005
~ in Rec nded Mot taken R Foof inm*./W) 8.510 10 4108
Compaciness LIOLELLE nio account R Wall (a me. &) 370 5.0 TTio oz
South exposurs Racommended To consider R Floor upsn a piatfom of eath (n m2|diw) ;.4 tod 1;." i 2.8
_ B Floor wpon craw |spacs (n kW 3405 24t04
f‘;:["::lr comfort Required Often necessary Thermal bridoes Very low Medium to ow

effinergie AT 2005

Salar hot
water output |Recommended To consider

Photavolaic
L To consider Rare

F
-

effinergis RT 2005

Lkt In Wim: ) 1.7t 0.7 2ic 1,6
=lings Required Qften

Necessay

\entila fion Heating and hot water
ERNEIE RT 2005 effinergie RT 2005
Low-cmsumpionvertidos Aor B hygro- Electriciy HP COPZ 3.5 Joule effect [radiant)
adjustable Gas orfusl ol Gc"::!ensing Low-iemperature
mechanical yentiatic bioilar boder
B hygrorad ustabie mechanics vesil ®lon o byosss Wood Automatic WDEd
mechanica venglation weh bumer class 3 11

en exchenge i culpet = B0%
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Implemented technologies

CSTB |
T rsc WO AN R AR

Proposal and integration of efficient solutions by the industrial partners of
the project T H XUy A R TT S BRI S

4 )
e ~N Thermal diagnosis / Isolation \
. e ‘4\ VA
Shading system fﬁ@ 5&1& Ii(ﬁ walls ceilings windows
[ e —— ——— CSTB
: : wf} le futur en construction
f DICKSON \_ J
: : - - N [~ o] AT
\ © 5 © LE@VEN - ",,,‘.{‘j,"('f" E-AFHHGE SAINT-GOBAIN

J

/ Automatisms \

Hahtk
g r-&‘ “ -l 4 Motors )

12
Forum THNS 2011 November 5-6 Shanghai



Implemented technologies
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¢
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SAINT-GOBAIN
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i
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From Green Buildings to Eco Districts

CSTB
e MG EENBNES/PX

8 Design principles for an eco-district
8N/ BT JR N

Principle 1 — High density / Mixed use

Principle 2 — A pedestrian and bicycle network
Principle 3 — A strong density of short connections
Principle 4 — Public space

Principle 5 — Self-sufficient districts

Principle 6 — Heterogeneous communities
Principle 7 — The existing conditions of the site
Principle 8 — The relationship of people to space

Forum THNS 2011 November 5-6 Shanghai 15



From Green Buildings to Eco Districts

CST3 MNGEBRBESPX

e utren construction Design principles for an eco-district

vt R

The facilities of the eco-districe in the Shanghai region,
Frangoise Labbé architect,

Ohae of the majar goals of the pratotype eco-neightorbood
in the Shanghad region is to afford a vaviety of finctions.
The prajece proposes the creation of howsing but abo en-
ployment. It also provides local shaps and amenities in the
neighbovhood. Constructive typology is modulated accord-
ing to this diversity, especially with a gradient of heights
near wansit stops. Housing supply is diverse, with affers for
all income groups.

Schools
10 schools
(5,000 m* each)

[

Health facilities
1 hospital (17,000m?)
10 health facilities (350 m? each)

Administratve facilicies

Town Hall, libraries...
Public green spaces

Shops, services, offices
96,000 m?

Office towers

Forum THNS 2011 November 5-6 Shanghai
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From Green Buildings to Eco Districts

A project at the size of a district: pilot programme in Shanghai area
NXZHEIE : _EifERya/h X
Plan the integration of the building in the district & @3 EL /N X

_‘_‘;‘Esolar roof s
| garden
solar roof
re-sldential - - rooltop
garden solar roof
mesidential stroot yo=gicl e mbial siroat |
mnesidential w-s | rOSidEntial
antial al ..I‘.‘I'r} s id erikial L il = i 5 s
_—
CIAT Heat networks
2
HHE N 2%

AREP Groupe

Design institutes : Design of the

Schneider
Electric

sites
Integrated Systems for energy VEHERTT: vt
efficiency
W ORI R S <% I0SIS
() veou 17
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From Green Buildings to Eco Districts

MR BREFBES/DX

ST

le futur en construction Hu Lu Dao WorkShOp

=T eosspmrusrs

L ]
Session Book .« .2 roch 2000

DESIGNING AN ECO-CITY prroPOSAL FOR HULUDAO CHINA

//"\F\
il I
o

|

L

a
id
=

“ CAUP CSTB 'Z” i @VEOUA
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From Green Buildings to Eco Districts

MR BEFBES/PX
Hu Lu Dao Wo
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From Green Buildings to Eco Districts

MER BB 7SI

ST

le futur en construction

€% Fadl
Session Book AN O .
il

GHANGZHOU ' /'
RAILWAY STATION NEIGHBOURHOODS ON A
CHINESE SCALE

INTERNATIONAL WORKSHOP OF URBAN PLANNING AND DESIGN OCTOBER 18™ TO 23°° 2
Haw Io'How to plan a sustainable sirategy to urban devglopment

O SR
B &8 % B eoe—zom

aftrp

2 ¥ | - .8 1 f y i e
= @ BB e st CSTB =nm, mEm =
e [E=| rrerenm B el ol — e i

N e - S
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From Green Buildings to Eco Districts

M SR BRI R ST

ST

le futur en construction Ch angZhou WorkShOp

The main axis

Between Qishuyan and central station, the axis concantrates IMA Ny characteristics for a new

way of life and a sustainable economic development :
Access to the transport facilities
sroximity with the canal which could become a lively public space reflecting the soul of the city
& lot of available areas
sroximity with the 2 stations

This axis is 235t gatewa'g,r of the fit‘f. It is crossed by the most used line betwesan Shanghai and
Manjing.
sequences organised around the economic activity and green pockets.

».-:m.ra: ...I.- f

21
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BEGlobal Study of Urban Morphologies
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Global Study of Urban Morphologies

CSTB

le futur en construction

W TSI

A comparison of the urban morphologies and energy-
efficiency of selected cities around the world.

Studied cities:
Paris
Shanghai (Tongji University)
Hong Kong (The University of Hong Kong)
Guangzhou (Guangzhou Urban Planning & Design Survey Institute)
Kyoto (Ritsumeikan University)
Tokyo ( University of Tokyo — Todai)

In progress:
Shenzhen (Shenzhen Institute of Building Research)
Beljing (Tsinghua University)
Suzhou (Suzhou Municipality, Tongji University)
Vienna (University of Vienna)

) ] 23
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CST3 Various Scales of Urban Analysis
le futur en construction jﬁﬂj‘ﬂﬁﬁﬁ

g (nlm o —

bl IR 1AL T L B U

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII*

Source: Chinese University of Hong Kong
Most research in the field of sustainability in the built environment is focused on either large-scale
urban planning, or the design of individual buildings and systems. The intermediate scale of the
urban fabric is often left unaddressed.

> -k ,,;“;'l“" & b g . ¥ b
L s
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Urban Morphology & Energy

CSTB
Mt e W W B S EETE

rban Morphology Parameters: #mnimsEZE Energy Usage .

XN
'/v g*%é e Building mass organization (built-up _
v o PPN area, FAR, contiguity, height of the * Heating
buildings, compacity...) e Cooling
e Openness to the sky e Lighting
77 (occlusivity, solar admittance) * Transport

C

e e Passive volume

e Street networks

Scale of the Urban Fabric
Singapore City 800m *800m sample 200m*200m sample

— 25
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Why Urban Morphology?

ST

le futur en construction

AT A B FORTTIE RS

Building physics Systems )
: : : : Occupants
Climate (architecture, (heating/cooling _
. . behaviour
= (i materials) % systems) \ -
Ak gespta kg | AR
(Bt e 4D

Our research has shown that an efficient urban fabric alone can reduce
energy consumption and carbon emissions by a factor of 2 - a factor
too large to ignore.

This means that Urban Morphology has the potential to halve a city’s
energy and carbon emissions. It is an essential lever towards more

sustainable cities in the future.

26
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Avoiding Le Corbusier’s Mistake

cST8
le futur en construction ﬁ%%%ﬁ@ﬂlg H(J%l;_%:te

Le Corbusier wanted to replace the dense, historic urban fabric
of Paris by large towers and mega forms:

Morphology
predicted by Le
Corbusier

Old Paris

equal scale

Le Corbusier’s modernist morphologies turned out

not to be energy efficient at all |

27
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Urban Morphology & Energy Consumption

g €

> futur en construction

YT TS e

18-19th C 1918-1980 1980-2000
Traditional courtyard Modernist fabric Contemporary courtyard
A Stu dy *\ery high building eHigh solar admittance, bad eMedium building density
. density shape factor and low ratio eMedium block density and
Of Parls *High FAR and high block Passive Volume/total Volume ratio Passive Volume/Total
density (Vp/Vt) Volume
*Good ratio Vp/Vt e\/ery low building density, FAR
eBad solar admittance and block density
Heating Energy density — [
due to factors of urban - W A
morphology ‘J L : -
(GJ / year / m?) - |
| - t‘ | v
0,36 0,20
GJ/year/m? GJ/year/m? GJ/year/m?

Due to urban morphology, the modernist texture consumes 1.7 times more

energy for heating than contemporary or traditional Paris urban blocks!

28
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le futur en construction

Good urban fabric
Good building

Good heating system
Good people behavior

Combination of all Influential

Urban Morphology Parameters

SRR SH EWKI A R R

~ 25 times less
energy
consumption than

While in reality some parameters compensate others, between
the two extreme cases the overall factor for carbon emissions
per inhabitant can be as important as 9!

Forum THNS 2011 November 5-6 Shanghai
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Building Mass Organization: Built-up area density

F RN ST 2 B Y A

CSTB

le futur en construction Shanghah Hong Kong’ GuangZhou

¥ s I

Shanghai (Lianyang), residential  onq Kong (Central and Western Guangzhou (Tianhe)
area District) Offices and residential
Offices and residential

High-rise high density VS High-rise low density

30
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Building Mass Organization: FAR & building height
FUEFAL: G ENENEE

ST

le futur en construction Sh anghal , Chlna

Ancient morphologies in Shanghai can reach FAR similar or > to the new

Q.

Ancient morphologies (lilongs) New

evelopment

31
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Old Paris versus Modern Asian Cities

CST
g s E= B2 235 0 T I BRAR I8 T

hai, CB
FAR * 1.5 FAR * 1.2
Height / ~6 Height / ~9
Built-up area density = 19% Built-up area density = 61% Built-up area density = 11%
FAR=3.1 FAR=4.5 FAR=3.7
Buildings height = mainly above 30 — Buildings height = about 6 - 7 floors Buildings height = mainly above 45
40 floors high floors

Forum THNS 2011 November 5-6 Shanghai Dense low-rise versus hlgh ri§2e



ling Mass Organization: Comparison at smaller scale

ZIEFAR: /o B LR

ST

le futur en construction Shangha|, Hong Kong’ GuangZhou

g i M

200*200 meters urban sites

Hong Kong Guangzhou

.. T Y
. FAR *2.3
'S more or less % EE
\ L,,q— —_— =
AN "

&

P |
FAR * 5 ;
ﬁim o AN /v

Height * ~1.8 similar

P heights T Py
Built-up area density = 14% Built-up area density = 54% Built-up area density = 15%
FAR =2.2 FAR=11.8 FAR=5
Buildings height = mainly 10 to 25 Buildings height = mainly 20 to 50 Buildings height = mainly 30 floors
floors floors

i

i

‘—————__
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Conclusions: Building Height & Density

csTB  Height & Dens
e Giih: EESURERERTR

Land management plays a
major role.

A dense area is not
synonymous with high
rise constructions.

Some high-rise (40+ floor)
districts in HK have
similar FAR to 4-6 storey
Paris!

34
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CSTE3 Conclusions: Building Height & Density
le futur en construction g‘_l:%: @ﬁﬁ%ﬁ%ﬂ%ﬁ

Paris: 40 % of Paris reaches a density Hong Kong: population density

superior to 40000 hab/ km2, without reaches an average of 40000 hab/ km2 in
resorting to high-rise constructions. most places . Very high-rise buildings and
Current average living space in Paris: average living space only 12 m2...!

32 m2/hab.

35
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Effect of Compacity

New high-rise developments

Historic urban fabric
c~8 & i,
VS Y 'ﬁ%”%
= l‘_ﬁ!'!‘!% W
‘,‘ sy -ﬁw ! M
CHET |
3: {:;‘--r_ o "'.".'lf'l'/"/
;_45 -‘-_2 e et =
e E: -"'U‘Et-?r Ry ¥ | T W W
Guangzhou Old parts of Guangzou
Shanghai and Shanghai
P
LSRR RO
s!ﬁ;:-:;a'\( X

L . -

b e, H'-i i N
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Effect of Passive Volume

CSTB ,
o E AR R IR

] Y passivevolume > PassiveVolume
_ > Ratio _ buldings :
. P > BuiltVolume
{ Built volume buildings
Shanghai, Lujiazui  Guangzhou, Hong Kong, North  ghanshai, Paris, 19th
(CBD) Tianhe Point (residential) Hongkou (lilongs)  century
Ratio =43 % Ratio =66 % . -

—

37
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Morphology
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ingapore
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14.000
12.000
10.000

8.000

6.000 -

Annual car use per capita (in km, 1990)

= Houston

SanFrancisco

ﬁlgﬁnlx

Los Angeles
aDetroit
Washington

= Boston
@ Denver

= Chicago
= New York Newman-Kenworthy
= Parth Curve: E = k/d

Adelaid
ariseb:'n:

Melbourne
= o Frankfurt
Sydney i
Hambur g:";:“;:
Copenhagep g, HisiHse!s
A 4 w.MunifzhL
mster - ala Lumpur
S0 Lr:mdr.'ni l'_e:anna
e Paris
e Bangkok
= Tokyo
2.000 - Singapkl:?;e 8
Jakarte o Seoul
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= Beijing *Menie Hong Kong e
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Effect of Street Network and Density

T ) 28 A0 P 30

Traffic is one of the main reasons
for energy consumption and
greenhouse emissions.

The effect of urban sprawl on
transportation energy is huge.

Traffic in Beijing

39



Street Network & Connectivity

CSTB "
le futur en construction %ﬁ Mé%%n*ﬁﬁ%?\ ;&

Comparative analysis of Street Networks in our
various studied cities have shown a number of
conclusions thus far regarding connectivity:

B Greater cyclomatic number (average # connections
between 2 points);

BESmaller distances between intersections;

BANnd greater density of intersections, generally indicate
a more connected, accessible city fabric.

40
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Street Network & Connectivity

=18 R B R

HK, C& W Distric_t

Nl

Guangzhou, CBD Old Paris

Cyclomatic number 51 6 88 83

Average distance btw
intersections

Intersection density 6.38 1.93 6.5 19.24

Based on graph theory

41
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Effect of Street Network Street density

BB M S ABTIEH B IR

Street density (Nr / Ha)
Greater density of intersections indicates a more connected city fabric

2
]}
1 [ 8 18 —
i |
B
0 ] — —
W & C |Mongkok| Tianhe Panyu |Hongkou  Lianyang Il ardt Il ardt
district
Hong Kong Guangzhou Shanghai Paris
42
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Effect of Street Network
l\[

CSTB

le futur en construction

The analysis of various networks of streets in Singapore, and comparisons with other
cities will reveal the degree of connectivity, traffic congestion and accessibility.
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Urbanisation in High Density Cities
T I T SR T AL

How to deal with population growth in a restricted land area with
an already high level of urbanisation?

WA fF R AR PR B’Jj:ﬂi% (ﬁﬁﬁ/\j:ﬂia?ﬁ E R BT L) EARRH R A D ?
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High rise tendencies for “Densification”

ST > -
R R RS R RES

Current and future development tends to be high-rise to
accommodate “density”...

N
warried T
~
B

i )

Y
o

er 5-6 Shanghai



CSTE3 The Impact of Future Deve

le futur en construction

...and should be assessed for their resultant energy-efficiency
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landscapes
— reduced soil moisture

— the city to becomes 1 to 6 degrees warmer than surrounding

— intensification of CO2 emissions

Urban Heat Island Effect

CSTB



CSTE3 Achieving Urban Sustainability
le futur en construction imﬁﬂim%&‘l&ﬁ%

Urban Morphology Analysis can help to:
BOptimize density of population and housing

EReduce the need for building energy through actions on:
»heat transmission through buildings walls
»penetration of sunlight and solar heat
»wind penetration

EReduce the need for private transportation

BEReduce CO2 emissions through impact on the dispersion of
pollutants

EReduce the impact of climate change

Forum THNS 2011 November 5-6 Shanghai
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Benefits to Urban Planning

CSTB
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The results of Urban Maorphology Analysis can be used
}aqalqun?rﬁrgrj] more energy-ef?lrgent Lﬁ%an 3g3|gn an

® |dentification of low energy performance areas requiring
priority attention

B |dentification of future areas for development to minimize
environmental impact

B Performance evaluation of current design guidelines

B Assessment of the enflergy performance of future
development proposals

® Creation of ‘energy-efficient’ urban design guidelines

B Assistance in the calculation of a set of sustainability
Indicators

50
Forum THNS 2011 November 5-6 Shanghai



Content

cS1B
%

EAssessing Urban Forms
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Cities and Forms on Sustainable Urbanism
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