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Making the World’s Greenest Tall Building

TEERRESHNEEER

Jihong Han & Hongwu Fan, Shanghai Research Institute of Building Sciences

BRI IKER, LETEANFZHL R (EH) FIRAA

Shanghai Tower is poised to become the world’s tallest green building after receiving the Chinese 3-star green building design label and
the U.S. LEED-CS Gold Pre-qualification. This chapter will introduce how to realize similar achievements in the future. Firstly, the eight issues
that exist for sustainable high-rise developments are studied. Solutions for achieving high energy efficiency and environmental quality such
as the unique glass walls, tall atrium, tri-generation system, ice storage system, renewable energy use, rain and grey water reuse, structural

optimization, and green construction are also discussed.
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Introduction

A wave of supertall developments are coming to China and it is reported that 30 to 40 high-rise
buildings with height greater than 400m will be planned and constructed in the next ten years.
The problems about the energy, resources and environment issues that need to be met when
developing supertall buildings are complex, so studying sustainable development strategies is
necessary for future supertall buildings, especially in China.

The Shanghai Tower is striving to become the world’s tallest green building and has been
pre-certified for several green rating systems. Creating a green super vertical city that
harmoniously coexists with human beings, buildings, cities and nature is the goal for future
skyscrapers. The green strategies of the Shanghai Tower for sustainable development will be
very useful to future developers.

Green Strategies

The Shanghai Tower is the tallest of a group of adjacent supertall buildings in lot Z3-2 of Lujiazui
Financial Center of Pudong, Shanghai. The other two are the Jin Mao Tower and the Shanghai
World Financial Center (see Figure 2.12). The Shanghai Tower, standing 632 meters high and

128 stories and has many program areas such as office, hotel, conference center, retail, and
observation (see Figure 2.13). Shanghai Tower began construction work on 29 November 2008;
topped out structurally on 3 August 2013, and is expected to complete in 2015.

To realize sustainable development goals, more than 60 green strategies are implemented in
Shanghai Tower to achieve the goal of being humane, energy efficient, and convenient. Light
pollution and outdoor wind environment issues are solved by designing the unique curtain wall
structure. The energy consumption is reduced by arranging the reasonable function partition
and designing the high efficient air-conditioning system and lighting equipment. The structure
also utilizes effective building shading and energy storage technologies. The effect of wind load
on the building structure is weakened about 24% by twisting the building’s appearance by 120
degrees. The use of recycled water is about 24% by making full use of grey water and rainwater
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while a reduction of noise, dust and lighting
pollution are realized by adopting green
construction techniques. This chapter will
address how to reduce the energy and
environmental impact of Shanghai Tower
as low as possible by using eight technical
responses including: the unique glass
curtain wall, tall atrium, tri-cogeneration, ice
storage, renewable energy, rainwater and
grey water and structure system.

Solutions

The Unique Glass Curtain Wall Design
The glass curtain wall system of Shanghai
Tower was designed creatively with the
help of the parametric analysis to address
the influence of wind load on outside &
inside environmental comfort. The shape

of the outside facade was designed using a
wind tunnel test and verified by the outside
wind environment comfort simulation. The
structure and reflectance of exterior facade
glass was optimized by the lighting pollution
prevention analysis method. The visible
light transmittance of glass was determined
to meet the indoor natural lighting
requirement. The heat transfer coefficient
and solar heat gain coefficient of the facade
were studied through the energy efficiency
analysis method.

The results of the wind tunnel test (see
Figure 2.4) showed that twisting the facade
by different degrees can influence the

wind load on the building and 24% of the
designed wind load can be reduced by
rotating the building with 120° compared to
a rectangular form of the same height, so the
twist degree of outside fagcade of Shanghai
Tower is determined to 120° (Thornton
Tomasetti Inc, 2009).

According to the outdoor wind environment
comfort simulation, the maximum wind
speeds at the 1.5m height of the surrounding
pedestrian zone with the above design are
less than 5m/s and meet the outdoor wind
comfort and ventilation requirements under
the typical wind environmental evaluation
conditions of the different seasons in a year.

Figure 2.12.The site of Shanghai Tower from across the Bund (Source: Shanghai Tower Construction &
Development Co., Ltd.)

EI2.12. BRI AT 2 B AP BL g b O R B Ak RIR: Lig O R ERR R RAIRA )

BHESR. REGRER ARREN, BARFREEMBITESRT UEANLAE
HRAW LT REESNNITE, BLABRNZRAGS K EHRERARE R LMEHA R
GRItH®RF, FEAREMEERUAZARAZ TR BN, BLEASEREA
B AR TR XA A AW Rm, AL KA T A A R 52 202498 22 51 4F 15 S5 AR A
A%, BRRTREmTIEMRTE, wIIRMEE, hAofbmRegATRER,
AXERNBLEFOCRBEARBETEARERARIBTHENHBREE, mAF
B, ZERBE. KFA. TEERE. WAk, SMER. BAETE/\AKERELEAA
5 B 55 v A AL BB R BB RLAS

B R

MAE TR R AT
HIBREABEORT RN, REEAETARENFEE, LEBEFQOREEEHE
NEREEBER FERITT — RN B RIS SN R . ZFG IR 3T KR
B, RIEEARGEFEEBENRIE. EHE BRI FEAL AT LG EITE
#l, TRAZH BT ARRAERHAE, EHEAREERRAHKEBEITREAFREX
#HATH A E T,

AR RUEMR 4 2 (LE24) , U FF 12004 E B, 7148 AT K &R RS
24%, [F S b9 ol K B S ST T Y s I # A E i E 120° (Thornton Tomasetti Inc, 2009
) o

EHEA | 23



Zone 9 Observation/Cultural facilities J, I
X Mgt & /Al ] T

Hotel/Boutique office
81X I % 1K I A X

El

Hotel

Office

Office

NE IEIHEE I HHEEHH
E L I
et HHHEH

Office

@~

NEIEN TR f L] AN

Office

w

X

=

>

=
Y—'—A_4-<-<‘_“‘*7

Office

et

Retail I
11X FEX

RAAAAARAIATARA
YYYYYYYYYYYYYY

Figure 2.13. Section drawing. (Source: Gensler)
E2.13. #| & A (3 IE: Gensler)

In order to control the lighting pollution of the facade, two kinds of facade styles design
are studied, a staggered one and a smooth one (see Figure 2.14). The results of the lighting
pollution analysis shows that the smooth fagade has a good aesthetic effect but can form

a large-area surface reflection. The staggered design can effectively reduce the severity of
this effect by dispersing the reflection into discrete patches. The low light reflectance of the
selected curtain wall glass is also important to reduce the lighting pollution. Finally, the
selected structure of the exterior fagade is a staggered one, with 12% of the visible light
reflectivity (Shanghai Academy of Environmental Sciences, 2009).
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The annual energy performance simulation
shows that it is better to control the sun-
shading coefficient with the outer facade
and the heat transfer coefficient with the
inter facade for Shanghai Tower. Based on
the analysis and the ratio of window to

wall of 0.54(E)/0.51(5)/0.56(W)/0.52(N), the
integrated heat transfer coefficient is 24 W /
(m?’K), and the overall shading coefficient is
047, designing the 12HS+Low-E +1.52mm
+12 low iron HS glass as the outer facade
and the 8FT+Low-E+12A+6 FT low iron glass
as the inter, to meet the design standard for
energy efficiency of public buildings of China.

From the day-lighting simulation analysis,

it can be shown that the main functions of
Shanghai Tower can get adequate natural
lighting with the designed glass curtain wall,
with the area percentage reached by natural
lighting of 89.9% (see Figure 2.16).

Figure 2.14. The difference between a staggered versus a
smooth facade design. (Source: Gensler)
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Figure 2.15. The corner chamfer accentuates the twisting motif of Shanghai Tower (Source: Gensler)
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Tall Atrium

There are 21 atriums (see Figure 2.17) created between the inner and outer fagades in Shanghai
Tower and the indoor environments of them are relatively complex due to the existence of the
stack effect and the greenhouse effect. The CFD simulation results show that the atrium has
the risk of overheating in summer and accumulating condensation in the winter without any
human intervention.

In order to create a relatively comfortable atrium environment, the ventilation (see Figure 2.18)
is designed to cool the atrium area in transition seasons and spill air exhausted from the office
area to cooling it in summer. Meanwhile, the air source heat pump recovery/hot water system
is installed in the top of atrium to generate domestic hot water and cool down the atrium. The
condensation of moisture on the outer facade in the atrium in winter is solved by equipping
radiation fins.

Tri-Cogeneration

Two energy centers are designed for the cooling and heating of Shanghai Tower, and the low
zone energy center is set up in floor B2 and high zone energy center in on floor 82. A tri-
cogeneration system is installed in the lower energy center. The effectiveness of tri-cogeneration
system of Shanghai Tower is dependent on the capacities of cooling, heat and power load of the
low energy center, the "heat is first” principle, and electricity rates, and gas cost.

After the comparative analysis, the economic capacity of tri-cogeneration of Shanghai Tower

is 2~3MW and the energy saving of gas engine is better than gas turbine. With these results,
Shanghai Tower selected two 1.065MW reciprocating gas-oil dual-use generators. While
running, the generator jacket cooling water will provide the first stage of heating while the flue
gas heat exchanger will provide the final stage of heating before the water is introduced to the
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Figure 2.16. The natural lighting analysis of Shanghai Tower by zone (see Figure 2.13 for zones) (Source: Shanghai Research Institute of Building Sciences.)
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absorber. The water is heated to 87 °C by the
first water-water heat exchanger and 95.5 °C
by the second flue-water heat exchanger.
According to the design data, the primary
energy efficiency of the tri-cogeneration
system installed in the Shanghai Tower can
reach above 85%.

Ice Storage

An ice storage system is designed in
Shanghai Tower to reduce the operation cost
by reduce the peak load need. The optimal
capacity of the ice storage system is studied
by the annual load profile of the low zone
cooling system and the capacity of 26400RTh
is determined based on the energy price, the
annual load profiles, investment and install
cost (Cosentini, 2009).

Three sets of dual-condition chillers with

ice disc internal melt ice storage tank are
designed with “chillers upstream, ice bank
downstream series connected circulation
loop method”in Shanghai Tower, and 6 °C
chilled water is offered by the ice storage
system through the heat exchanger, the
glycol solution enters the chillers at-1.57 °C
and leaves at -5.56 °C to make the ice storage
machine meet the maximum ice storage
design capacity. Each ice-making capacity

of dual-condition is about 3868kW. The
efficiency of each dual-condition centrifugal
unit is 0.56kW/ tons for cooling and 0.68kW/
tons for ice-making. The proportion of ice
storage capacity to the total quantity of low
zone is about 27.7%.

Renewable Energy

The ground source heat pump system and
wind turbine generator are designed in
Shanghai Tower because there is no more
space to install solar photovoltaic system and
solar hot water heater, and can negatively
impact building aesthetics.

The thermal performance test of ground

soil shows that ground source provides

the conditions for the use of a heat pump
system in Shanghai. According to the test,
the annual temperature average of the
underground of Shanghai Tower is 18.8 °C,
the soil heat conductivity coefficient is about

Figure 2.17.The atrium design of Shanghai Tower (Source: Gensler.)
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Figure 2.18.The ventilated design of the atrium of Shanghai Tower. (Source: Gensler)
2,18, b 0 A B B2 B A KR (IR Gensler)

1.58~1.82W/mK, the heat release capacity is 64W/m for single U type and 74W/m for double
U type and the absorption capacity is 42W/m for single U type and 52W/m for double U type.
Considering the safety of building structure and stability running the air conditioning system,
it was decided to bury 127 34-meter-long geothermal stakes at 4-meter intervals. Each stake is
designed as 191kW for cooling and 302kW for heating.

Another innovation of renewable energy use for Shanghai Tower is installing wind turbines on
the top of the building. The wind field analysis shows that there was 2 to 3 times more wind
power at the top of the tower than at ground level. That means the wind speed at the top of
Shanghai Tower will reach more than 6m/s because the wind speed is 3m/s average at the
ground level in Shanghai, which is very good for generating wind power. In order to make full
use of this renewable energy, 270 wind turbines with the total capacity of 135kW are installed
on top of Shanghai Tower which will produce more than 150,000kWh electricity generated per
year, and are expected to generate power for exterior lighting and public spaces.

Grey Water and Rainwater Use

For the effective conservation of water resources, the water treatment system is optimized to
recycle the bath wastewater from the hotel area, the toilet wastewater from the office area
and the rainwater collected by buildings to flush the toilet of office at low zone, podium and
basement; supplement the outdoor landscape, irrigate plantings and wash the outdoor road
and the garage floor.

There are two sets of water collection and treatment systems located in 66F and B5 of the
Shanghai Tower respectively, the process of water treatment is designed as:

- Wastewater

- Grille wells

« Collect pool

+ MBR membrane bioreactor
- Disinfection

- Water tank

+ Recycle use

The quality of recycled water should meet the requirements of water quality standard of
China. According to the system design, there are 237,000 m* of grey water, including 8700m?
of rainwater, that will be collected, treated and recycled in the buildings every year. The use of
recycled water resources is up to 24% (Tongji University, 2012).

Structural System

Shanghai Tower is very high and its structural safety rating is also high. The structural component
will bear great lateral and vertical forces. In order to reduce building component size, save
material, shorten the construction time, and improve the quality of building operation and
comfort, Shanghai Tower designers carried out a comprehensive optimization analysis to select
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Figure 2.19. The environmental control during the construction process of Shanghai Tower (Source: Shanghai Research
Institute of Building Sciences.)
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high-performance materials, design of the lateral system, outrigger system, mat foundation, Super
Columns, and improve the shape and comfort of the building (Thornton Tomasetti Inc, 2009).

According to the analysis results, many kinds of high performance materials were selected

for the Shanghai Tower. For example, Concrete C70 is selected for the super columns in zones
1~3, C60 in zones 4~6 and C50 in zones 7~8, C60 is also used for the concrete shear walls and
beams, and C50 used for the foundation. The Q345G steel is used by the outrigger trusses,

belt trusses and ring radial trusses. The lateral system of Shanghai Tower is designed as “Core-
Outriggers-Mega Frame”and six sets of outrigger trusses are selected. The thickness of the mat
foundation is decreased from original 7.4m to 6m by the introduction of eight wing walls to
save great amounts of concrete. The steel ration of the steel columns embedded in the super
columns and diagonal columns were optimized from 6%~8% to 4%~6% and saved about
13,000 tons of steel. Architectural appearance is designed by using wind tunnel tests to rotate
the optimization angle of 120 degrees to reduce the wind load by about 24%, and the building
comfort improved by mounted a TMD on the roof that can slow the acceleration on the top of
building reduced by about 40%.

Green Construction Management

To save the resources and lower the negative influences of the project on the surrounding
environment as far as possible, the green construction management addressed soil balance,
construction road use, noise, dust, water, and light pollution (see Figure 2.19). The use of local
materials, environment-friendly materials, high-performance materials, recycled materials,
embedded waste materials and recycling the construction solid waste were requested in the
construction process of Shanghai Tower.

The construction monitoring and management data shows that the measures to control dust,
noise and light pollution are effective and meet the requirements of China’s green construction
standard. According to the statistical results of the material use during the construction period,
the ratio of local materials is 83.1%, the ratio of the high performance concrete is 69.4%, the
high strength steel is 77.4%, the recycled of construction solid waste is 39.8%. And the BIM
technology was also introduced in Shanghai Tower to remove the potential risk of the collision
during the construction effectively and reduce the implied probability for reworking or
repairing of the project.
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