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Abstract

This paper describes the MEP and VTS design challenges of the tallest buildings in three major
cities in China; namely, Beijing, Suzhou and Guangzhou. The 530m Guangzhou CTF (East Tower),
is a mixed use building with office, luxury hotel, deluxe services apartments and commercial.
The major VTS design challenge encountered was on changing the building form and shape.
Further discussion on design difficulties for the current and upcoming ultra high-rise buildings
in Beijing — the 528m CBD Z15 tower (Zhongguo Jun) and the 330m China World Tower. As well
as design challenges for the coming two tallest buildings in Suzhou - the 598m (top landing)
Suzhou Tower and the 450m Suzhou International Financial Square (IFS) will also be discussed.

Keywords: Mechanical Electrical & Plumbing (MEP), Vertical Transportation System (VTS),
System Reliability, Energy Efficiency & Sustainability, Flexibility for Future Change, User-
Friendliness
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Mixed-Use Buildings in China

In an era when the population is increasing
and availability of land is limited, developers
and professionals are veered to design and
build taller structures. Parsons Brinckerhoff
serves as MEP & VTS design engineers and
consultants for numerous ultra high-rise and
mixed-use developments in China. Given
the popularity of tall buildings, a survey

has been performed on major cities in this
country, yielding an unsurprising result of
over 80 percent of them being mixed-use
buildings (Vincent & Herbert, 2013). Indeed,
a structure of a vertically stacked assortment
of occupiable spaces such as offices,
residences, services apartments, hotels, clubs,

and observatory decks is attractive, but the HITE
trade-off lies in the challenges faced in the

MEP & VTS design and operation. The MEP

and VTS design challenges for tall buildings rEEREELR

in the Northern, Southern, and Eastern China,

specifically of the three first-tier cities, namely,
Beijing, Guangzhou, and Suzhou are described
in this present paper.
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Tallest Buildings in Beijing

Parsons Brinckerhoff is the MEP and VTS design consultancy firm for six
current and future ultra high-rise buildings in Beijing—CBD Z15 (528m),
CBD 76 (405m), CWTC 3A (330m), CWTC 3B (310m), Fortune Center
(260m) and Park Hyatt/Yintai Center (250m) , as shown in Figure 1:
Tallest Buildings in Beijing.

Beijing CBD Z15 will be the tallest building in Beijing by 2018 and at
present, the CWTC 3A China World Tower is the tallest building
in Beijing since 2008.

Beijing CBD Z15 (Zhongguo Jun)

Beijing CBD Z15 Tower’s (Zhong Guo Jun) iconic silhouette is
distinguished by a bottleneck at the middle of the tower to replicate an
ancient Chinese wine vessel,Jun” (Figure 2). This, however, complicates
the fitting of the core with VTS and MEP plant rooms and causes
difficulty in maintaining an effective usable floor efficiency of over 70
percent due to the inevitable smaller floor plate size in the middle.

Another VTS challenge that has been encountered in this project is the
shifting of the building usage from offices/services apartments/hotels
in the previous design to an all-office edifice in the current design. The
difficulty arises from having to include more elevators and MEP risers
for the offices while keeping the core area unchanged.

On the MEP side, the high Floor to Area Ratio of approximately 30
leads to a congested site area and lack of open space. The plan
devised to mitigate this problem is to accommodate cooling

towers on the mechanical floor with louvers for heat rejection. The
arrangement of the cooling tower plant, the extent of louvers, the
positioning of air discharges and make-up air intakes, and the means
to minimize short-circuiting of discharge, intake air streams, etc,,

are all key design considerations in the planning and design of the
cooling tower heat rejection system.

Nevertheless, there are also other systems and factors worth exploring.
For example, a high capacity ice thermal storage plant will be installed
at basement 7th floor of the development. Various modes of operation
will be incorporated into the ice thermal storage to suit different
operating and loading conditions. During the night time, the system
will mainly operate in ice-charge mode in order to exploit the lower
ambient air temperature and as a consequence, benefit from a cheaper
electricity tariff, resulting in a cost effective and an efficient cooling
system. In the day time, ice will be discharged to release cooling
energy for air conditioning. This large capacity ice thermal storage
enhances energy efficiency, cost effectiveness of the air conditioning
system, improves system reliability, saves cooling plant capacity, and
minimizes the risk of white plume being expelled from cooling towers
during winter and/or off-peak seasons.

Environmental control and thermal comfort are key considerations in
the HVAC (Heating, Ventilation, and Air-Conditioning) design. Offices
will be provided with VAV systems where the air quality will be closely
monitored and controlled, and thus, fresh air will vary according to the
CO, level sensed. Good air filtering and air treatment will be integrated
into the HVAC system to ensure good indoor air quality—specifically
regarding the indoor air quality control to limit concentration of tiny
particles in the air with diameter less than 2.5 micrometers (PM2.5)

Figure 1. The Tallest Buildings in Beijing (Source: Courtesy of KPF, SOM, Aedas & PB)
E1. Ao & m AR R IR KPF, SOM, Aedas#uPB)

Figure 2. Beijing CBD Z15 Tower (528m) (Source: Courtesy of KPF)
B2 AL E E AR (528%) (RIR: KPF)
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In addition, system reliability, particularly the electricity supply, is one of
the most important key issues since this office building is headquarters
to many prestigious commercial organizations such as world financial
institutions and banking facilities. In light of this, dual electrical plant
rooms and dual risers will be provided to serve each office floor. These
essential services will be further backed-up by emergency generators.
Moreover, high quality tenancy provisions such as tenant chilled water
supply, condenser water supply, and tenant special exhaust will be
provided to meet tenants’'demands. High system reliability together
with an optimal vertical hydraulic zoning will also result from limiting
the hydraulic pressure of water-side equipment, i.e,, achieving pressure
break through plate-type heat exchangers suitably located at high
zone mechanical floor ( Level 73), mid zone mechanical floor (Level

29) and low zone mechanical floor ( basement 7th floor). The vertical
distance between these Heat Exchangers will be controlled to around
200m so as to limit hydraulic pressure of the system to within 2.5MPa.

Last but not least, other energy-saving and green features such
as variable pumping systems, free cooling, heat recovery, lighting
control, fresh air control, intelligent building management, and
energy management systems will be incorporated to provide an
environmentally-friendly architecture design.

CWTC 3A China World Tower

Equally sophisticated, the 330m CWTC 3A China World Tower, the
current tallest building in Beijing (Figure 3). This mixed-use building
houses Grade A offices and the 5-Star plus Shangri-la Summit Hotel

is the latest phase of the CWTC development. However, this multi-
purpose building encompasses certain VTS and MEP design obstacles
(Vincent, 2012).

For example, reduced shaft spaces compared to those of conventional
elevator zoning arrangements suggested the adoption of a sky lobby
transfer method for office and hotel areas. The office area has a sky
lobby that serves as the interchange level between high speed shuttles
and local zone elevators for passengers for the upper floors. There are
also a group of elevator shafts stacked upon another. As for the hotel
area, the hotel sky lobby is located at both the apex of the building and
the lowest guestroom floor (Figure 4).

Since the travelling distance of the hotel shuttle exceeds 300m, a
rated speed of 10m/s, is adopted to reduce the travelling time and
satisfy the traffic demand. Streamlined fairings and double-wall
constructions are provided to improve the elevator car construction
for reducing car noise during the elevator operation of this super high
speed elevator. Specially-designed guide rollers with large diameters
and spring-loaded rollers are used to mitigate the lateral car vibration.
Furthermore, elevator speed control to compensate for rope/cable
swaying and specific parking strategies is provided to prevent the
building sway from damaging the elevator equipment.

With the State-of-the-Art sustainable technology, the MEP design
challenges encountered are the cold climate, system reliability and
energy efficiency. Sustainable designs are categorized as passive and
active. They are as follows.

Passive features include the following:

+ low E-coated double insulated glass with low U-value and
shading coefficient;
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Figure 3. CWTC 3A China World Tower (330m) (Source: PB)
F3. o [ E R 5 5 0 3AH (330K) (3kiE: PB)

Figure 4. VTS Stacking of CWTC 3A (Source: PB)
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- specially-designed external and vertical shading fins running
along the tower to provide an architectural feature, and also
enhance the overall energy efficiency performance of the
building;

- strategic location and orientation of the mega tower and
the large glass wall of retail block (facing South-250-West).
The benefitis by reducing solar heat gain in summer and
enhancing solar heat gain effect in winter, therefore, reducing
the demand on air conditioning to maintain the internal
environment; and

« adaptation of a sky garden that not only provides a
comfortable and green space for the occupants, but also
serves as an insulator, minimizing thermal heat gain in summer
and heat loss in winter.

Active features include the following:

« hybrid thermal energy center, which includes electric chillers,
absorption chillers, and ice thermals storage system; making
good use of waste heat from the nearby power plant and
minimizing the peak demand power charges. Hence, this
reduces the peak electrical demand consumption by over 40%
and allow full utilization of the waste heat from the nearby
power plant;

- automatic variable-flow chilled water circulation system;

- fan-powered variable air volume system for office floors is used
for better indoor air quality and energy efficiency;

- water-side free cooling system incorporated as part of the
thermal energy center. The use of cold environment can offset
the internal building cooling load requirement;

- air-side free cooling system for the grand ballroom;

.+ - use of run around coil concept for heat recovery from
exhaust air;

- use of energy efficient T5 light fittings with electronic ballast,
LED directional and exit sign, and active harmonic filter in main
distribution board; and

- inverter control using Variable Voltage Variable Frequency
(VVVF) adopted for elevator and escalator motor to promote
energy efficiency.

Overall, major MEP design challenges comprise of having to merge
hotel and offices into what is currently the tallest edifice in an active
earthquake region, and at the same time to maintain the building
core to a minimum size yet fulfill the services requirements of the
different users. Also, operating costs and energy consumption are
very important design considerations of this project. Particular
attention has been paid on “Stack Effect”in MEP Design (Donald,
2004) including 1) Divide vertical ventilation zone within 15-20 floor
levels; 2) A near to neutral pressure regime has been implemented
avoiding over pressurized the tower; 3) Special Design/Fabricated

Lift Door with mechanism enhancing its operation under relatively
large differential pressure; 4) Special attention to air tightness of floor
or wall was implemented by proper sealing of gap or hole around
MEP services. The design team devised passive and active sustainable
design elements to minimize its environmental impact. An estimated
annual operating cost savings exceed USS$1 million, with a substantial
reduction of greenhouse gases from the power plant.

% & B bR H & 03A8 (CWTC 34A)
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Tallest Building in Guangzhou

Guangzhou Chow Tai Fook Centre (Formerly Named East Tower)
Located in the Southern part of China, the 530m Guangzhou Chow Tai
Fook Centre (GZCTF) or formerly named as East Tower is the highest
ultra high-rise building in Guangzhou (Figure 5 GZCTF). This structure
is more than a mere symbol of the fast-growing pace of Guangzhou,
but it represents the most dramatic example of an integrated vertical
city, fusing Grade A offices, luxury hotels, deluxe services apartments,
restaurants, and retail spaces into one efficient tower; where people
can live and work.

However, the challenge imposed on Parsons Brinckerhoff design
team was to completely alter the building’s core from a rectangular
one into a stepped/trimmed one (Figure 6 Core Comparison for
Original and Current Schemes) illustrates the physical difference
between the 2 schemes for offices/services apartments/hotels. The
high construction costs of the old GZCTF rectangular-cored scheme
was less onerous of a challenge than those entailed by the current
GZCTF stepped- or trimmed-cored scheme, including but not limited
to the optimization of the floor plate size, maximizing of the usable
floor efficiency and constructability, whilst reducing the core sizes
from the MEP and VTS design perspective.

MEP and VTS designs features of the GZCTF are as follows:

- District chilled water was supplied to offices and podium
areas since District Cooling System is available in the district
the GZCTF is located in. A secondary central chiller plant is
also designed in basement as back up facilities for office and
podium retail floors. A remarkable achievement was the
minimization of hydraulic pressure break with high energy
efficiency and reliability by assigning a total of three separate
chiller plants to the offices/podiums, services apartments, and
hotels. The challenging part was to optimally locate the energy
centers for an enhanced system reliability, energy efficiency,
and coordination with architects and structural engineers. This
is shown in Figure 7 (Location of Energy Centers).

Variable Air Volume (VAV) system will be used for offices
while Fan Coil Unit (FCU) system will be installed in services
apartments and hotel. To enhance environmental quality, the
design has been aimed to achieve the Green awards: LEED
Gold for offices and hotels, and PRC Green Stars. One of the
methods of attaining the aforementioned awards was to include
relevant green engineering provisions such as VSD chillers, heat
recovery chillers, VSD cooling towers and pumps, heat recovery
wheels, CO2 fresh air control, water-saving valves, energy
efficient lightings, air-conditioning condensate collection and
reuse, waste water treatment and reuse, etc. (Herbert, 2013).

- The VTS design, on the other hand, is similar to that of the
CWTC 3A tower and can be classified into four areas. The office
area has an office sky lobby and is divided into four zones,
which are all serviced by double-deck elevators. Zones 1 and 2
can be reached by direct elevators whereas zones 3 and 4 are
serviced by shuttle elevators, making it necessary to transfer
to the local elevators (at the sky lobby) for other floors. The
designs for the services apartment area and hotel area are
similar to zones 3 and 4 of the office area, except that all the
elevators are of single-deck, which transfers are done at the
services apartment sky lobby and hotel sky lobby, respectively.
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Figure 5. Guangzhou Chow Tai Fook Centre (East Tower ) (530m) (Source: Courtesy of KPF)
S, M A AR F 8 () (530K) (R IF: KPF)

Figure 6. Guangzhou Chow Tai Fook Centre Core Comparison (Source: PB)

6. /M B A A 8 AZ R F T B R (R IR PB)

Figure 7. Guangzhou Chow Tai Fook Centre Energy Centre Location (Source: PB)
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Figure 8. Guangzhou Chow Tai Fook Centre VTS Stacking (Source: PB)
E8. N A AR & E LB R S B E GRIF: PB)

- The hotel shuttle elevators that service the roof restaurant
area allow transfers at the hotel sky lobby, such that the
hotel guests can take the express elevators to reach the top
restaurant floor. This scheme is illustrated in Figure 8 (VTS
Stacking Diagram). Overall, the small core of the building will
be an advantage as it permits higher usable floor efficiency
and much less wind load impact on the structure, and
therefore reduced capital cost in construction.

Tallest Buildings in Suzhou

Suzhou Tower

In the Eastern China, the future ultra high-rise building will be located
at Suzhou. It will be about 600m (top landing) and it will be a mixed-
use building. The building is currently in the design stage; due to privacy
and confidentiality reason, information is limited for disclosure today.

Suzhou International Financial Square (IFS)

In retrospect Parsons Brinckerhoff has designed the MEP system and
VTS for the second tallest building in Suzhou-the 450m Suzhou IFS in
Figure 9. This combined office and luxury hotel structure located in
Suzhou Industrial Park entailed various MEP and VTS design challenges
in terms of the conversion of the residences of the building into offices
without alterations to the core, the reduction of the core size, the core
orientation and rotation, the maximization of the floor efficiency with
the smallest core size possible, and the special requirements on shuttle
elevators from the client.

With respect to the VTS, sky lobby transfer design approach is used
for both office and hotel zone (See Figure 10 VTS Stacking of Suzhou
IFS). For the office area, zones 1 to 4 are directly accessed from the
lower-level elevator lobbies while zones 5 to 7 are accessed via the
double-deck shuttle elevators with transfers to zones 5, 6, and 7 at the
sky lobbies. For the hotel area, a sky lobby shuttle with top down local
elevator system is implemented.

Regarding the MEP design, individual MEP systems are provided for
each of the functional areas, i.e, offices and hotels, for the ease of
future operations and management. Major MEP plants are located on
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Figure 9. Suzhou International Financial Square (450m) (Source: Courtesy of KPF)
9. A M E IR & mh 4 450%) (G E: KPF)
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Figure 10. Suzhou International Financial Square VTS Stacking (Source: PB)

E0. M EFR &R 7 EEEZ M A% TEE CRIE: PB)

basement floors as well as mechanical floors above grade. The office
area is served by a central water-cooled chiller plant at basement.
Space heating system that utilizes the steam supplied from Suzhou
Industrial Park is designed. Similarly, the hotel area has a separate
water-cooled chiller plant and space heating is by means of the steam
source from the aforementioned Park with back-up steam boilers.

All'in all, the design challenges encountered in the MEP and VTS design
of the Suzhou IFS are briefed as follows:

- Limited core area to accommodate different MEP system risers
and equipment for various functional areas. Also, the core was
trimmed at the top zone of the hotel due to the iconic shape
of the building. Careful planning of the MEP vertical risers and
VTS connections as to how they could be fitted inside the core
with reduced sizes on the upper zones.

- There was continuing variation of floor numbers in each
functional area during the entire design development
phase, i.e, low-zone offices increased, mid-zone apartments
increased, and high-zone hotels decreased. Each of these
functional zones has its own MEP system with dedicated
plant rooms and riser ducts. In achieving the target of higher
floor efficiency, the core design constituted a great challenge
for housing staircases, large amounts of elevator banks, and
MEP risers for different functional zones. The attainment of
maintainability, connectivity with mechanical floors, and
minimum interference among systems, were possible due
to the logical and strategic locations of the MEP risers and
equipment within the tower core.

« The functional change from services apartments to offices at a
later design stage of the project lead to the inclusion of more
elevators and MEP risers for offices despite the limited core
area. Double-deck office shuttle elevators were introduced to

serve the upper office zones, so as to relax the core congestion,

provide more room for additional MEP risers, as well as
enhance the hotel shuttle elevators'performance by extending
the elevator banks from 3 to 4 hotel shuttle elevators.
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Conclusion

As ultra high-rise and mixed-use buildings are becoming more of
a necessity than just a mere luxury, the demand for expertise and

innovation in the construction of these landmark towers will be greatly
needed. Not only must the structures and designs change over time to
adapt to the environment, but also to satisfy the needs of the people

who inhabit them. Extensive collection of experiences in the design
and construction of tall buildings is summarized into the following

key considerations/challenges from the MEP & VTS design (Vincent &

Herbert, 2014) and operation viewpoints:

- Every building is unique; there is unlikely a “one-size-fits-all”
design approach.

« Important factors on MEP system design stand point:

+ Regional environment

- Micro-climate

- System reliability

- Green and energy efficiency

- High tech and state-of-the-art

- Cost effectiveness

- Sustainability

- Flexibility for future changes (operations & maintenance)

- User-friendliness (operations & maintenance)

-+ VTS designs should be interactive and harmonised with the
following:

- Brand

- Architecture
- MEP

- Structure

- Costs

- Operations
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