on
Tall
and
U

LN

S Tal
—
=

|-‘

Title:

Authors:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

). CTBUH
LD R e S e a rC h P a p e r ctbuh.org/papers

A Sustainable Solution For Urbanization In China

Christopher Drew, Director of Sustainability, Adrian Smith + Gordon Gill
Architecture

Dennis Rehill, Senior Design Architect, Adrian Smith + Gordon Gill Architecture
Keara Fanning, Research Analyst, Adrian Smith + Gordon Gill Architecture
Adrian Smith, Partner, Adrian Smith + Gordon Gill Architecture

Sustainability/Green/Energy
Urban Design
Urban Infrastructure/Transport

Density
Infrastructure
Integrated Design
Sustainability

2012
CTBUH 2012 9th World Congress, Shanghai

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k wh =~

© Council on Tall Buildings and Urban Habitat / Christopher Drew; Dennis Rehill; Keara Fanning; Adrian

Smith


http://ctbuh.org/papers

A Sustainable Solution For Urbanization In China
o [E 3 T AL R RS R OR T R

Christopher Drew Dennis Rehill

Keara Fanning Adrian Smith

Christopher Drew, Dennis Rehill, Keara Fanning &
Adrian Smith

Adrian Smith + Gordon Gill Architecture
111 West Monroe Street, Suite 2300
Chicago, lllinois

USA 60603

tel (H.1%): +1 312.870.4199

fax (f£ 7): +1 312.920.1775

email (¥, F [ 44): chrisdrew@smithgill.com,
dennisrehill@smithgill.com, kearafanning@smithgill.
com, adriansmith@smithgill.com
www.smithgill.com

Christopher Drew, Director of Sustainability,
contributes to all AS+GG projects.Prior to joining
AS+GG in 2009, he was the Department Manager
for Sustainability at Masdar City, a low carbon
development near Abu Dhabi in the United Arab
Emirates.

Christopher Drew&/\ & Mo #F4ikit &1k, %
AS+GGHY & AT E B T mk. £20094F AR AAS+GGZ
B, MEDHARBECTHEETIIEE, ZHE
£ FFTER o T A L H P 2, & —AMEBRTE .

Dennis Rehill has extensive experience in the design
of supertall projects around the world.. Recently he led
design efforts on Dusseldorf’s GreenQ and Vantone
Great City master plans.

Dennis Rehill £ A3k &AM E ERANBHAEE
WER, B, fAEHERS K#Green QF1 7 &L
IR SRR T E R R ELA

Keara Fanning is a research analyst for AS+GG focusing
on sustainability as it relates to energy efficiency,
renewable energy, carbon, water, and social issues.

She works to help develop key performance indicators
for projects as well as conduct research projects
independent of our architectural design work.

Keara FanningZAS+GGHIHF 73 41V, £EMFTH
RE. TEARIR. B, ARAELFEMETHET
B o et TAEES W X TH 09 £ E k38
A, BB RS A F B AR T AE B AR ST AR
RIH .

Adrian Smith has been a practicing architect for
over 40 years. His body of work includes landmark
structures like the Jin Mao Tower in Shanghai, China
and the Burj Khalifa in Dubai, United Arab Emirates.
Adrian’s design approach considers each project
holistically.

Adrian SmithZ— L 40% £ AR, T
1636 Bl £ E QAR A, w+E LB K
A B Au [ B 9 i R R A 3 . AdrianBy ikt F ik
A4 A&, tEEANTE = H kit Ak
EEANF.

Abstract

This paper presents a design solution for a new high density vertical City in China for 100,000
residents sharing a live-work environment. The built up area is 1.3 km?2. The philosophy for the
City has been to provide a highly walkable development located within a managed natural
environment that is affordable to young professional Chinese and is suitable for multi-
generational living. Significant savings in potable water and electriCity demand as well as
waste diversion from landfill have been achieved. The urbanized area contains more than 30%
green space and provides educational and medical care facilities. It has a strong economic
model and has been developed to comply with over 50 Key Performance Indicators that cover
environmental, social, and economic aspects of the overall community development.

Keywords: Density, Vertical City, Infrastructure, Integration, Sustainability
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Introduction

At the beginning of 2012, the global
population stood at over 7 billion people,
with more than half of all people on the
planet living in urban areas. The United
Nations estimates, using a medium growth
rate, that this will increase to over 8 billion

by 2025 and to almost 9.5 billion by 2050.
This will be accompanied by an increase in
overall average population density from 51
people per sg. km in 2010 to 59 in 2025 and
68 in 2050 (United Nations, 2010). Not only
will the global population be increasing, but
cities will also be expanding at an exponential
rate; the World Bank estimates that between
2007 and 2025, the annual urban population
increase in developing regions is expected to
be 53 million (United Nations, 2009). Often,
people move to the Cities simply for the
economic benefits and career opportunities.
Furthermore, cities tend to have a greater
range of education facilities for parents to
choose from for their children as well as better
healthcare and social facilities. There are,
however, significant negative environmental
effects associated with urbanization. The result
of this trend is urban sprawl, the outward
expansion of metropolitan areas. Urban
spraw!| has and will continue to put economic,
social, and environmental constraints on our
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society. As the issue of sprawl is researched and addressed, our society
has been forced to reexamine the way we design and build cities.

China has been experiencing economic growth at an unprecedented
rate, which has put a strain on the natural resources needed sustain
their development. As China has become the second largest economy
in the world, it has also become the largest carbon emitter (CDIAC,
2008). Their cities are expanding outwards to accommodate an
increased population, but consequently there is a loss of farmland to
developments. Further compounding this problem is the growing
demand for food to accommodate a growing population with

an increasing standard of living. This example is just one of many
problems that so clearly illustrates how intertwined these issues are
between economic, social, and environmental consequences. No
one issue is isolated; these systems are all interrelated. China's rapid
population and economic growth have provided a clear example of
the challenges associated with urban sprawl.

As a result of this, China’s society is facing a multitude of issues,
specifically how to address and manage the foreseeable population
growth and its associated environmental and societal consequences.
By 2025 China is expected to have 221 cities with more than 1 million
people in them (McKinsey Global Institute, 2009). Today, China stands
on the precipice of addressing this urbanization. They are faced

with the opportunity to redefine how to design and build cities. In
this project we propose a high density vertical City that presents a
solution to the challenges created by urban sprawl. Rethinking cities
as vertical from establishment allows for an economical, functional,
and environmentally beneficial solution to addressing urban sprawl.
In particular, we focus on climate and energy, place and community,
sustainable transportation, natural resources, ecology and the

natural environment, food production, business and economics and
sustainable architecture.

The Great City Concept

In order to address the issues above while at the same time ensuring
a financially viable business model, a design brief was prepared that
included the following requirements:

» 100 hectares built-up area and 200 hectares buffer zone
100,000 residents

« Live/work mixed-use environment

« Affordable to the emergent middle class

« Healthcare industry as an economic driver

 Phaseable and replicable

The location of the proposed development is approximately 25 km
south of Chengdu City Centre in an area of farmland that is zoned for
mixed-use development as part of a regional masterplan for Chengdu
(see Figure 1).

Design Principles

Having been provided with a design brief, the design team went on to
develop a series of design principles, which encapsulated the clients’
needs as well as what was considered to be of importance in order to
realize the construction of the project:

« Create a vertically-integrated, three dimensional City that
utilizes land efficiently.
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Figure 1. Location of GREAT City. (Source:AS+GG)
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« Create a strong economic foundation.

» Accommodate a multi-generational population ensuring
housing and jobs for all age and income groups.

* Realize a walkable community that encourages pedestrian
activity and minimizes automobile dependence.

« Design a visually attractive, unique and distinctive City.

« Incorporate food production and agriculture as a foundation of
economic and social well-being.

« Achieve affordable urban development as a viable economic
model.

« Create a sustainable community with the lowest-possible
environmental impact.

From these principles, a series of Key Performance Indicators (KPls),
based on eight themes from the BREEAM Communities rating system
was developed. The Key Performance Indicators, of which there were
a total of 53, ranged from environmental targets, such as retaining and
managing 100% of stormwater from a 1 in 100 year storm event on
site, to social targets, such as providing 10% affordable housing and
10% social housing.

The Masterplan

The supertall towers within the City will help create a unique City
image and establish a new landmark for the region. With a series

of closely-connected high-rise towers, the City will benefit from
sustainable vertical transportation and short, walkable distances. This
will also preserve larger amounts of land for conservation and buffer
areas surrounding the City.

The first stages of conceptual masterplan design, which took place
before a site for the development had been confirmed, involved
producing simple massing models to illustrate the effect of density

- how best to fit 6 million square meters of floor area onto 1 square
kilometer while retaining a logical road layout. The purpose of

doing this was to test the various layout options for the City and to
understand the relationships between building density, height, green
space, and road dimensions. It was also during this stage that some of
the key principles, such as parcelization and walkability were tested.

Once a site had been confirmed, several site visits were undertaken
to familiarize the design team with the site. A GIS database was
developed using CAD data, field data and satellite image analysis.
ArcGIS Spatial Analyst was used in order to produce a digital terrain
model of the site that would ultimately inform many of the decisions
regarding access roads, green space, stormwater management and
building typology. The site is effectively located along two intersecting
ridges (see Figure 2) that run North-South and East-West. The valleys
between the ridges were immediately identified as areas that should
be developed for stormwater management, recreation, fish farming
and as areas where bamboo reed beds'could be constructed for final
treatment of waste water.

The evolution and implementation of the principles of concept design
followed a simple route (see Figure 3):

o Preserve the valleys
« Define a clear City identity comprised of 5 districts
» Create internal and external open space systems

« Implement a legible road network
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Figure 2. Digital Terrain Model of the site showing intersecting ridges (Source:AS+GG)
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Figure 3. The development concept for GREAT City (Source:AS+GG)
E3. ARmT T AE A (HE: ASHGE)

« Define buildable development parcels
« Establish a comprehensive green network

During this evolution, the relationship between different programmatic
uses, building heights and City identity was established, resulting in
the production of a parcelization plan, a building height plan and a
program plan (see Figure 4).

Environmental Response

To meet the KPIs that had been developed for energy: a reduction

in building energy demand of 30% against Chinese Building code
and maintaining a peak demand of less than a 10% increase against
baseload necessitated that climatic response was considered at every
stage of the design.

Chengdu has a humid subtropical climate and is largely mild and
humid. Being situated at the western edge of the Sichuan basin,
Chengdu is therefore sheltered from northwest winds from Siberia in
winter by the Qinling Mountains to the north. Snow is rare but there
are a few periods of frost each winter and for several months there

is a need to provide heating to the buildings with January average
temperatures of approximately 6°C. The summer is hot and humid,
but not to the extent of the 'three furnaces' cities of Wuhan, Nanjing
and Chongging in the lower Yangtze basin. July and August average
temperatures are approximately 25°C with afternoon highs sometimes
reaching 33°C. Rainfall is common all year round but peaks in July and
August. Cloud cover is almost constant, with Chengdu recording one
of the lowest direct sunshine totals in China and most days during the
winter months being overcast and cloudy. Spring tends to be sunnier
and warmer than autumn. Winds are moderate to low annually and
generally come from the North East, providing some opportunities for
natural ventilation especially at higher levels.

The main design considerations in response to location and climate
were to:

» Maximize daylight available to residential, hospital and offices,
response to low daylight (see Figure 5).

» Maximize daylight available to the street (response to low
daylight).

« Minimize wind obstructions to pedestrian areas — streets, plazas
and courtyards .

Figure 4. Parcelization and Building Height Plan (Source:AS+GG)
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Figure 5. Map showing sunlight hours on winter solstice, viewed from southwest
(Source:AS+GG)
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Minimize wind obstructions to adjacent residential towers to
promote natural ventilation (reduce energy demands).

Minimize potential for urban heat island in summer through
integrating landscaping and green roofs (also serves to improve
microclimate and air quality).

Maximize environmental quality in winter with landscaping
and trees to block winter winds and increase the ambient
temperature of the City.

This was achieved through the following design interventions:

All' units should have some east, west or south exposure
throughout the City as to promote good availability of natural
light to all residents.

Daylight available to buildings is optimized at -10 degree
rotation from north-south. Atmospheric conditions attenuate
daylight in late afternoon, the rotation balances daylight
between Eastern and Western facades. Staggering and spacing
buildings is essential to promote daylight to all buildings
throughout the district, because of the amount of diffuse light
availability.

The ideal typology is a linear through unit where all units are
dual aspect with decentralized cores, however these units
are limited to 132 meters height. The other major typology is
a double loaded corridor central core building rotated with
eastern and western facing units.

Courtyards - height should be limited at the east and western
exposures to allow a greater amount of light and should be
located south of towers and other high obstructions.

Driving the natural landscape amenity through the City,
reducing density in select areas and increasing the porosity
of the architecture would help better promote calm breezes
throughout the City, important for human comfort during the
humid summer months (see Figure 6). The optimal building
design for daylight, a dual aspect offset core building, is also
ideal for natural ventilation.

Large-scale, high density office buildings and manufacturing
districts located up-wind to the majority of the residential
buildings greatly limit natural wind flow throughout the City
and could also adversely affect residential air quality. Courtyard
buildings are optimized to promote breezes through lower
sides in the predominant wind direction that will maximize air
movement. This also maximizes daylighting to the courtyards.

Buildings should maximize the use of landscaping on the roof
and throughout the fagade to reduce urban heat island effect
and promote slightly warmer temperatures in winter. Tallest
buildings should be located to the North of the City or directly
south of uninhabited space such as valleys, parks, streets or
infrastructure buildings to prevent shadow and keep the City
more pleasant in winter months.

An Overview of the City as envisioned, including all of the design
interventions is illustrated below (see Figure 7).

Building Energy Performance

Preliminary energy modeling for the various building sectors was
undertaken using Integrated Environmental Solutions Virtual
Environment. Prototypes for each building were created using area
schedules developed during masterplanning as well as templates

Figure 6. Natural areas penetrating into the City (Source:AS+GG)
E6. M E AKX (HE: ASHGE)

wONCETE, A BE I AT A X B9 XU

BN ATE B AR KL LUR 3 B R B X (PR B 48D
AT IR BT A/ MUK T SR (R A B
TRENAGHZAHE)
BRFAFARHAERTAZHERELE R E, HE
ARG R EIRTHIIFHIEE .

KR T F Bt s 2 I _E# Bt B AT

BT AEZSETRERTRELIE, UERS BALA
A%,

AR IO Z B S o] BB Atk . B KR A 2Kl
FHER, S MREAETIEATIEHR. £83
BHEACHIHE, AAMKEAAMEAEEFER, TH
B DA R A H R E .

BRABALGHAR, FAETXAL#®AEOH, K@
R, ER®132Kk. ZEERXB AR FREZOH
ARER, BRARATEA LTI

Rli-—REATIEEE, MEST AXK, B ERM
LT 450 B 5 A

RS A EAF IR AE R, PR X8 B 2 50
FLbRE, EAEAWT FHAMRIER RS, T EBE
WEFREAGRTEE (LE6) . mERLRITTE,
BRI o) - B AZ 0 B AR AR 2 SE 3 B AR R B A 7
%,

AAE S E E A A KT REEERAN L
R, AR PR B AN T B KR B ] A A ] RE R XY
EARE. AR EEEA DA BT E TR &
WRARG, RANZARE. FRRAMERNX L.
FESURL 75 4 AR BT R AR L F AL, D 3 B B 2K
B, REMTNAER R Sm AR AT T LMK L
ALnE, HESERREEAFEEEROEM, DK
PRAAY, RRBTELAFTEFELE.

WIBTE E AL, AT T LRI TR, &3 ATa ikt e
(WLET

475



for construction, HVAC, lighting, equipment loads, and occupancy
schedules based on building type and function as well as on Chinese
Code. The energy simulated in each building was then extrapolated,
based on kWh/m? to the entire program area for each building type.
This established a building energy consumption baseline for the City of
Chengdu.

The City was then modeled for high energy performance using
strategies such as enhancing the building envelope, radiant cooling,
HVAC optimization, heat recovery, high efficiency lighting, natural
daylight availability and enhancement, and intelligent building
management systems. The result of these strategies was a City that
would require slightly over 30% less energy than the Chinese Code
baseline design. The baseline office demand was 220kWh/m? when
enhanced energy efficiency strategies were included in the model, the
number was reduced to 123kWh/m?, a 44% reduction. The baseline
residential demand was 303kWh/m? when enhanced energy efficiency
strategies were included in the model, the number was reduced

to 235kWh/m? Of the total energy demand, 38% is associated with
heating and a mere 6% associated with cooling. It is anticipated that
with further study, significant changes to these numbers could be
made through adjusting the environmental temperature control set-
points to levels that are more appropriate to the Chengdu residents’
lifestyle expectations.

Site-Wide Infrastructure

Progress towards a low carbon City requires that three key elements be
addressed:

o Energy and water demand reduction.
« Local scale renewable energy production.
« Decarbonized infrastructure.

These must be combined in a way that delivers the low/zero carbon
objectives at minimum cost when considered over an agreed lifecycle.
The optimum combination varies for each location and further detailed
assessment of the site will be required to carry out this optimization
process. The aim of the process in GREAT City was to engineer an
integrated combination of technologies that best served to optimize
resource efficiency and functionality.

The proposed utility infrastructure incorporates best practice in
sustainable infrastructure design for energy, water, and solid waste
management, thus enabling the City to become one of the most
energy, water and waste efficient developments of its kind and it is
expected that many of the approaches adopted for GREAT City will
become normal practice on future developments.

It was agreed between consultants and client very early on in the
design process that only proven technologies and systems would

be proposed in order that the GREAT City infrastructure would be

as reliable as that of any other development with more traditional
infrastructure but would use only 41% of the energy and 42% of the
water when compared to a traditional City. It will produce only 60% of
the normal CO, emissions. The way that solid waste will be managed
on-site means that some waste will be converted to energy and that
89% will be reused rather than sending to landfill.

To achieve these goals the power provided to the plots parcels will be
supplied through a combination of the external electriCity grid, from
Combined Heat and Power (CHP) plants distributed around GREAT City
in "energy hubs”and from an onsite waste to energy plant.

Figure 7. View of GREAT City (Source:AS+GG)
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Waste water will be collected and treated on-site and reused for
toilet flushing, road cleaning and irrigation, greatly reducing the
wastage of potable water. To achieve this objective, an onsite waste
water treatment plant was proposed. Treated waste water would be
discharged to the valleys for further treatment using bamboo reed
beds (see Figure 8).

Waste heat from the waste-to-energy plant and from the CHP plants
will be used as a source of direct heating or diverted to absorption
chillers (converting heat to cooling) to provide a very efficient source
of cooling to some buildings. Underground Thermal Energy Storage
(UTES) was proposed to further increase the efficiency of the cooling
and heating for the site.

The main plant for the onsite utility systems is located in an Ecopark
complex to the north-west corner of GREAT City. This area houses the
following equipment:

o Wastewater Treatment Plant (WWTP).

« Combined Heat and Power (CHP) plant for the production of
energy from solid waste, waste water treatment sludge (residual
waste from waste water treatment) and natural gas.

« Avacuum solid waste collection system main station where
waste is collected from across the site.

» Anaerobic digesters for biogas and compost production from
sewage, green, and food waste.

» A materials recovery facility where solid waste is segregated for
further use.

« Hazardous waste storage.

The Ecopark will be provided as a fully functioning facility supporting
the GREAT City and will also provide an educational and promotional
function allowing the City to advertise its sustainable design
achievements.

Figure 8. Topography and stormwater surface flow (Source:AS+GG)

E8. AW AMKERE (HE: ASHGE)

Figure 9. Performance of GREAT City compared against a code compliant baseline (Source:AS+GG)
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Key Statistics

Various parameters regarding the program and performance of the
City were calculated and compared against a Chinese code compliant
design baseline. These key statistics are presented in Table 1 & Figure 9.

Conclusion

GREAT City is a compact suburb of Chengdu with its own identity as a
stand-alone City. It will be home to over 100,000 people in a live/work
environment. It has been designed to be environmentally, socially and
economically sustainability, using 48% less energy, and 58% less water
than a conventional development of similar population. It will also

produce 89% less landfill waste and generate 60% less carbon dioxide.

GreatCity | Traditional City | Net Change

ThRBH | EERE BRE
Green Area And Public Parks In Urbanized | 31% 20% 55% Increase
Area 55% 3
RAERRTAREANAE
Total Public Open Space In Project Area 81% 40% 103% Increase
REEEANAXTUEREER 103% & n
Areas Of Roads Devoted To Pedestrian 50% 20% 150% Increase
Or Bike 150% 4w
FIATAARETERER TR
Urbanized Land For 100,000 People (Sq. 1 7 7Times Less Land
Km.) Needed
HIFA O REHT A ERETR (F 7 frw LB
V) ¥k
Residential Water Consumption (m*/day) | 9,050 19,720 54% Reduction
EMNERNEAR GLrX/E) 54% B
Residential Potable Water Demand (m3/ 7,100 19,720 64% Reduction
day) 64% B
EMEROKAARE GLAX/ED
Non-Potable Water Demand Met On-Site | 1,950 0 100% (Non-potable
(m*/day) water needs met)
EMNERAELRAE (LAk/E)D Gt A ABRR)
Waste To Landfill (tons/year) 6,780 108,100 94% Reduction
HEWBETM (8 &) % WS
City Energy Use (kWh) 595,030,000 | 1,142,900,000 | 48% Reduction
AR (FTR/AED 48% B
City Gas Consumption (kWh) 635,280,000 | 813,567,000 22% Reduction
MEFRE (TR/AED 22% WD
Carbon Dioxide Emissions (tons/ 310,000 1,010,000 69% Reduction
year/100,000 people) 69% W
ZRAHHEE (8 F)
Urbanized Area Devoted To Vehicular 12% 20% 40% Reduction
Roadways 40% B
HEEEAFTTA T E L
Urbanized Area Devoted To Pedestrian 44% 30% 47% Increase
Use 4T% B
BREEAATATAR
Percentage of People Fed With Site- 10% 0 10% Increase
Grown Food 10% Hfw
B3 PR T Bk A S

Table 1. Key Statistics for GREAT City (Source:AS+GG)
KL IRBFTEZRTTM (B ASHE)

References (3% # H):

NGB EFLEFA, FEHEELATHM., BEREMER, DA
KB AR F, BWAENGEE—EEALE LR
—EiF. BAEFWEAHERE LS, BT FREFRSEK
#t—F L (LES) .
EFREEIRE A A I (CHP) AR ERT HBEEA
HRRREZEAHNEE (A, h—BEARMA LA
BHE, EWRARTREEFME (UTES) #t—F R G4 foft
ok,
RGN AN RRE FATIRBRTEILANAESE, B8 UTER
e :

o FAKE (WTIP) ,

o MBI (CHP) R EEES. FALERES (75

KAEFHRG B RRAKRAEFTGEIE,
e AZEREMBRERG L, WEGHMALHEY.
o TEREE TR F T AT W EE AR AR
#.

o RAMBEARKERSEF—FF A EEES.

. R EHTEF.
EXERIRRTH T E LG, REHThE-ASEE, F
IR T AL B H A H kit R R

EEZIIOR

B P B AL B I IR 2 B F TR S AR b A R M R Y A A
S¥. RIAEIFIERT LRI T LRSI H M

&t

TEBEATRAFX, 22— EEABBERBNBTIRT. T7
A B B AE SR T A EA T, SR T R A SRR
Fitaf G sk, WEHNREADWERTFLZTERD T
A8%HYEEFE . D8UAKAE . 89%HY I K HIE K 60% — A A W H M E o

CDIAC (2008) Top 20 emitting countries by total fossil-fuel CO2 emissions for 2008. Carbon Dioxide Information Analysis Center. http://

cdiac.ornl.gov/

Mckinsey Global Institute (2009). Preparing for China’s Urban Billion. McKinsey and Company, http://McKinsey.com/mgi

United Nations (2009). Planning sustainable cities: Global report on human settlements 2009. United Nations Human Settlements Programme.

Earthscan Publications, London.

United Nations (2010). World Population Prospects: The 2006 Revision, vol. lll: Department of Economic and Social Affairs, Population
Division. Analytical Report (United Nations publication, Sales No. E.07.XII1.4).

478



