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Abstract

This paper examines how the essential MEP/FP systems are adapted into sustainable solutions
in vertical urbanization and how this is achieved whilst meeting the challenges of modern

day architecture and structural engineering as well as the occupants that have aspirations to
improved levels of comfort and safety. The application of current technology including the

use of BIM and its benefits in the construction process in terms of both financial performance
and energy consumption is considered. It considers related and associate components of the
building, brought together with the MEP systems in terms of interaction and interface to create
integrated solutions. Case studies are presented giving examples of the coordinated sustainable
approach as well as compliance with current code. In conclusion this paper lists a number of
key directions that can be adopted in selection of sustainable environments and how they may
enhance a buildings life span and operational efficiency.

Keywords: Sustainable solutions; integrated answers; case studies, performance, energy
consumption
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Introduction

The introduction of vertical urbanization

with its increased density of population

per square kilometer of ground surface

area has a significant impact upon the
primary engineering networks and building
services that are required to support such
developments. Whilst urban planners
promote vertical living releases areas at
ground level for green area and recreation use,
within the area of the high-rise development
there remains a significant concentration of
services that have to be accommodated. The
network of transportation that brings the
people in close contact with the development
in many cases to a point where there is little
exposure to the external environment is
generating larger areas of space that require to
be treated with services provisions to maintain
acceptable internal conditions. This may be
seen to create a heavy burden on the services
designer however it should be considered

as an incentive to introduce energy efficient
solutions that are sustainable and adaptable.
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The application of sustainable design with smarter and enhanced
construction for both international and local developments with
reduced energy and operational costs is a national priority and this
paper provides examples of current projects where such practice is
being adopted and how these solutions can be adopted into the
increasing vertical cities being developed. Design solutions that were
considered not feasible in China are now being adopted and whilst
there remains large sectors of the built environment that follows
traditional solutions the more ambitious clients that recognise the
benefits of investing in the building stock to improve performance
is growing. From the construction perspective, contractors with a
desire to improve and follow the new trends are actively developing
their business around such models and growing their teams to react
to the new quality, efficient design and construction and will learn
quickly from the consultants who are developing highly efficient
strategies and quality buildings.

End User Requirements

Urbanization and the provision of facilities that can accommodate and
sustain a healthy environment for those people who live and work

in these developments must be the prime consideration during

the design process if such developments are to be sustainable We
must consider longer life cycles for such developments that have
significant investment cost.

In many cases the design solutions are driven around a known set

of parameters that are documented in such advisory or mandatory
standards as ASHRAE or CIBSE or GB / local China Code. This
information is essential to be read digested and understood however
whilst embodying this in our designs there is a need to question such
solutions in the real application of the specific project for which we
are designing. As an example the perception of how we work and
how we behave in the office environment are often different in reality
to what we perceive (see Figure 1) is an example of working pattern
as understood by the individual and as measured in reality. This
difference affects the way we create the comfortable environment
for the occupants. There is a considered opinion that requires

face to face communication and therefore the building design

has to embrace such a culture that allows that to be encouraged.
The building services engineer has to adopt such activities when
considering the working environment in terms of temperature,
humidity, ventilation and air movement.

In today’s modern office designed for the new generation the
provision of sport and food related activities have to be integrated with
the normal working environment. The provision of physical activities
rooms, showers, kitchens and breakout areas with different requirements
have to be accommodated. Working hours are seen to be extended

and operating times have moved to more flexible working. The ability

to time schedule, plus using real time activity sensors and a system of
engineering that acknowledges such activities is essential.

Considering the architectural vision and wish for developers to have
individuality in their property the variety of building envelopes
requires careful consideration (see Figure 2) and with a variety of
envelope solutions the interior space systems have to be smartin
adopting solutions that can respond to the envelope and external
conditions. Glare, thermal performance, radiant effect, impact on the
air conditioning. vary in terms of exposure and as such the envelope
design has to adopt appropriate protection. Annual energy costs need
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Figure 1. Working Patterns (Source: AECOM Workplace Management)
E1.TAEH R (R IR: AECOM TAE 3 fr & )

Figure 2. Building Envelope (Source: Campus Project Shanghai)
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to be considered (see Figure 3). Considering vertical urbanization

the provision of suitable vertical transportation is essential to meet
end user need in terms of delivering the service capacity and speed
and as part of the construction and cost considerations utilizing the
efficiencies of spatial requirements. Advanced technology that can
examine these against a known set of design parameters is essential
and providing appropriate advice is important (see Figure 4) is an
example that shows the base design and two optimized solution with
the appropriate saving in space, cost and energy consumption.

From a building owner / operator perspective the development has
to achieve financial control within a planned budget as well as the
aspirations of the visual impact and operation with installations that
are effective, efficient, maintainable and sustainable.

Design Coordination

The ability to communicate within the Client / design team remains

a key component to achieving success for these new designs with
strong sustainable features. The desire to have the best and most
individual designs that merge overseas designers requiring local
knowledge and code interpretation to ensure the design is progressed
through a route that will not only be distinctive and innovative but
also approved through the China codes. This is particularly relevant

in terms of life safety systems where the need to balance local code
with international insurance requirements such as NFPA or FM and
sustainability solutions which may be commonplace outside China but
are viewed with caution within China. The procurement of certified
products and client’s wishes to retain the production of such materials
in China must be considered.

The application of BIM technology as a design supporting tool is
providing added value in tall building design creating economy of
space and improved constructability (see Figure 5).

BIM as a catalyst for more harmonious working between the
designers — the common platform of BIM requires that the design
team shares and works together to achieve the end design. This
provides a composite solution.

BIM as a design tool and provider of enhanced coordination: —
the ability to use the model to visualize relationships of services
and installation sequencing is now adopted to create improved
coordination before construction begins.

BIM as a provider of improved understanding: — the ability to
understand the design to allow detailed cost to be prepared and
major equipment options to be identified. The requirement to

retain choice in major material selection and the later transfer of the
selected material into the model allows the design to be firmed into a
constructible solution.

BIM as a provider of improved quality of construction — the transfer
of the model into the construction stage and ongoing development
enables faster and clearer understanding as installation drawings are
prepared. The ability to address contractor queries and requests for
information can be readily responded to with the model. 90% of the
Requests for information relate to coordination can be responded
within 3 days (see Figure 6).

BIM as a process for enhanced information to manage and operate the
building with sustainable solutions and energy saving benefits: - the
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Figure 3. Life Cycle Energy Performance (Source: Campus Project Shanghai)
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Figure 4. Vertical Transportation. (Source: AECOM VT Team)
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Figure 5. BIM Model v Construction. (Source: AECOM BIM Team)
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Figure 6. BIM Detailing. (Source: AECOM BIM Team)
FE6. BIM ¥ 48 /148 (5 JE: AECOM BIMEFA)

output from the BIM model converts readily into itemized schedule’s
and visual images to allow improved tracking of the building
maintenance. (see Figure 7).

All of these activities have an increasing role in the tall building design
solution.

Project Experience

The following projects consider the above issues as we seek to improve
the performance of the building stock, produce energy efficient
solutions and reduce carbon footprint in tall building design.

Project Example 01 - Research and Development Campus

The development encompassed four office buildings and two
laboratory buildings plus a cafeteria building. A combined basement
accommodates a variety of facilities including an animal center, energy
center, car park, plant rooms including a bomb shelter.

This is a multidisciplinary project that includes structural, MEP,
landscape engineering, facade review, architectural lighting,
interior design, and BIM to varying degrees. “Green” technical
solutions were incorporated such as Variable Air Volume (VAV),
chilled ceilings, chilled beams, displacement ventilation / below
floor air conditioning, fresh air and exhaust air volume CO, control,
rainwater treatment and recycling, solar water heating. BIM modeling
was carried out to demonstrate the design’s maintainability and
accessibility, fully modeled in 5 No. Building's. Design deliverables
were required to meet high international standards including
bilingual (Chinese and English) documentation and be fully code
compliant. These principles apply to all multi story developments.

The initial requirement for the design was to address the building
envelope. If low energy consumption was to be achieved a high
quality, high performing envelope was essential both in terms of U
value thermal transmittance and air leakage. Shanghai has a very wide
band of external environmental conditions with periods of very low
humidity and equally very high humidity applying radiant cooling
installations required control of fresh air and the operating temperature
of the ceilings and chilled beams. Natural smoke ventilation and stair
pressurization were desirable strategies and simplified the design from
a safety perspective in some buildings. A column free environment
with a full height triple glazed fagade required the application of

CFD modeling to ensure the application of internal blinds was fully

Figure 7. BIM Transfer to Maintenance Schedule. (Source: AECOM BIM Team)
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integrated with the perimeter air return system, glare and daylight
calculations and the application of lighting control to create an
environmentally acceptable working space adjacent the perimeter
wall. To comply with environmental discharge requirements and
dispersion of contaminated kitchen air exhaust plus fume cupboard
exhaust site wide CFD site modeling was adopted to reduce any
opportunity for re-entrainment of this contaminated air. Some
buildings focused heavily on building orientation and solutions that
used heavy weight structure to mitigate thermal transfer whilst others
adopted a transparent solution for visual effect, external shading with
perimeter balconies was adopted on one building and a move away
from a typical curtain wall solution to a window wall application on
another, however the environment systems had to retain on a building
by building basis the high performance requirements. Such variety and
yet demanding visual and performing characteristics to be achieved has
stretched the technology commitment and innovation (see Table 1).

Building envelope U-value w/m2k | Shading Coefficient
P [P Y
G B R UE R
EPER
Eternal Wall (Including | 0.55
opaque curtain wall)
KA M
(B# R E YK
Roof BT 0.7
Floor A 15
Partition [ ¥ 1.5
Window & 1 1.8 04
Conditioned Area M?> | Cooling Load kW| Cooling Index Watts / m?| Heating  Heating Index
SHERER ) | A SRR AR | Rid EBEBR
m A <
(TR (TR (B/F 7 %)
4,838 875.6 181 403.8 83

Table 1. U values and Energy Performance (Source: Campus Development Shanghai)

FAELUE S 4 CGRR: LR X EXTE)

Project Example 02 — Demonstration Building Tianjin

This 10-story commercial building in Tianjin incorporates the

multiple functions of office, retail, exhibition and restaurant, with the
development objective of being a demonstrative green building in

the Tianjin Economic- Technological Development Area (TEDA). Four
green building credentials were targeted: China Green Building (3-star),
USA LEED (Gold), European BREEAM (Very Good) and Japanese CASBEE
(Grade S). Green techniques adopted in this project include:

« Passive design for all-year natural ventilation;

- Double glazed (low-e) ventilated fagade on the southern
elevation and double-pane low-e facade on the northern
elevation to achieve optimal building envelope performance;

- High efficiency and low carbon emission MEP system and
equipment utilizing under floor air distribution.

« Other conservation measures include ground source heat
pumps and SCBH15 high performance transformers;

+ Recycled grey water use for irrigation, car washing and toilet
flushing.

- Water conservation sanitary ware

- Vertical and horizontal daylight tubes to basement / exhibition
floors to reduce artificial lighting.

- High efficiency lighting adopted for typical floors with auto-
occupancy and light level sensors.

+ Renewable energy sources including PV panels on the roof
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and southern vertical wall, energy regeneration lifts, and solar
hot water system;

- Recyclable steelwork for structural perimeter columns, recycled
aggregate concrete (RAC) for basement floors;

« Other recyclable non-structural and architectural materials
were widely used from local sources.

The design achieved 50-60 KWh/m?/y energy saving and 45-55 Kg/
m?/y carbon reduction in comparison with the benchmark specified
in the national Public Building Energy Saving standard, i.e. 30-35%
energy and carbon reduction, respectively. The design of this project
has successfully achieved the targeted grades of green building
credentials (see Figure 8 and Table2).

Project Example 03 — A High-Rise Development In Shanghai
Located at levels 60 and 61 of the Shanghai World Financial Centre
these two levels of fitting out required the engineering designs

to cater in addition to the pure office function services for a full
restaurant kitchen, dining and lounge facilities, gymnasium with full
shower and locker room capability, server rooms, meeting / training
rooms, games area all compressed into 5,000 square meters. The
project achieved a LEED CI - Gold certificate.

The sustainable solutions working within the existing building
construction were focused on indoor air quality and achieved by
increased fresh air rates 30% higher than ASHRAE90.1-2007, enhanced
filtration to standard MERV13 (American Standards) or F7 (European
Standards) the recirculated and fresh air, indoor CO2 monitoring of
the main meeting rooms and individual office, material selection
with reduced VOC emissions. Energy saving was implemented by the
use of LED lighting and enhanced control systems that introduced
29.22% energy saving compared to ASHRAE90.1-2007 whilst the use
of the “Energy Star”rated equipment, a requirement of LEED shows
beneficial reduced energy consumption based upon the clients
monitoring since occupation.

Working within the constraints of the existing base build MEP

systems modifications were completed and approved by the Client
and the base build owner and created a new benchmark for future
office developments that the Client intends to carry out. The project
embodies sustainable design solutions in terms of adaptability for the
future, variable environmental conditions to suit the end user activities,
life safety system to FM standard as well as local code.

This project is an example of the importance of fully understanding the
client’s operational needs and designing accordingly, providing a user
friendly, adaptive and flexible working environment, essential to drive
the effective and efficient performance of the users.

Project Example 04 - A High-Rise Development in Shanghai

This 24 Story Grade A office development included a number of floors
dedicated for Trading use and in the podium, retail and restaurant
facilities with 3 levels of basement. The building achieved LEED NC
Gold and Hong Kong BEAM certification. At completion the LEED
commissioning for Energy related systems including HVAC, Lighting,
and Daylight control, domestic hot water and renewable energy
systems. HKBEAM was completed.

From the initial concept design the project considered the feasibility
of incorporating sustainable solutions and in doing so the vertical

Figure 8. TEDA Low Carbon. (Source: AECOM MEP Team)
K8 Ki#Z jr R FF & X (TEDA) K8 H (kI8 AECOM HL A HIBA)

7

Performance Savings % Energy Saving % Carbon Saving  CO2 Discharge
bl 23 F ek % HH% Reduction CO2
HeAEHR
Fresh Air Volume Control I;X Request [9.57 7.4 94
TERERATFHEGELE
Origliqal‘ Design 8.57 5.2 65.9
Sl ey
Ground Source Heat Pump 8.48 5.1 64.4
B IERER
Dehumidify l;%( Li-Br + heat Recovery (4.13 3.6 45.8
HE-R KR + HRRERAA
PV Panels 2.33 2.9 37
JEAR BAR
Horizontal Daylight Tubes 2.31 2.8 35.1
BN E b
Lift Energy Re-generation 1.16 1.4 17.6
B EERE
Solar Hot Water 0.62 0.7 9.4
PNCEE: %
Underfloor Air Conditioning 0.61 0.7 9.2
AR %
IPM Motor 0.29 0.3 4.3
IPM 5 2%
Vertical Daylight Tube 0.19 0.2 2.8
ESpty
Green Roof 0.15 0.2 2.5
B T4
\Wind Power 0.01 0.15 1.9
RA
Double Fagade 0.05 0 0.2
B

Building Type Energy ICO2 Discharge in Kg
A RA IConsumptionin  [CO2 per sq metre

KwHrs / square

metre / year CO2k

o F HCOUFFK)

R

(F BB/ 7K /48)
1980 Reference Building 321 211
19804 RAKESH
Building Based on GB Energy Saving |160 106
Code 2005
(GBRE 4L BB 4722005
LEED based Building 145 101
LEEDAR R R S
Demonstration Building 99 73

Table 2. TEDA Energy and CO2 Comparison (Source: AECOM MEP Team)
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story height was set. The building utilized a composite structure with
concrete core and structural steel frame. The structural steel frame
allowed larger penetrations for the appropriate distribution of services
and the improved ability to use the ceiling void as a return air plenum
as well as access for services into and out of the core. The layout grid
was adopted to cater for the open plan office with single occupancy
or multiple occupancy solution with internal escape corridor around
the core. The building envelope was considered for enhanced
performance and associated equipment selection and performance
control (see Table 3 and 4).

BIM modelling including architecture, structure and MEP was
adopted for partial areas including all basement and lower podium
floors, major plant rooms and typical floors. At completion as fitted
drawings will be recreated into the BIM model for use by the owner
for building management.

This building considered both user requirements and adaptability,
adopted a process of design coordination across the design team
through the adoption of BIM, applied standards that were measurable
in terms of energy saving which should allow for extended building
life and good working conditions all of which will contribute to the
commercial success of the project.

Conclusion

There is undoubtedly a requirement by local and international
developers to address the question of sustainable design and we see
this in many areas of our business and more frequently. Equally there is
an increasing requirement for designers to have a wider understanding
of how such measures may be implemented into designs with

surety of performance and cost efficiency. A disciplined process of
examination is required at the early stages of the design with a better
and more closely controlled concept design report. Key parameters
that meet the cost objectives must be set down and as we introduce
the sustainable design and the Building Services Engineers must play

a greater role in supporting this part of the process. The decision to
implement BIM shall be established be it fully or partially implemented.

New technology to assist in the design process is essential we will see
an increasing use of CFD modelling, building performance models and
life cycle costing. Considering the technical innovation that may be
adopted in engineering design solutions with embedded sustainability
the following factors must be considered in sustainable vertical
urbanization:

- A greater focus on end user requirements and methods of
operation.

- Consider what the design requirements are today and the
wider implications of adaptability in the future.

+ A greater need to consider construction techniques to allow
spatial accommodation for engineering systems equally whilst
BIM does refine the design to create efficient use of space it
equally reduces the building tolerance that can be accepted in
construction.

Note: The views expressed in this manuscript are those of the author and do
not necessarily represent the views of AECOM.
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The highlighted energy saving measures are summarized below

70% Energy Recovery wheel
3t gL B kA A 70%

Air handli% unit installed with high efficiency fan
B AL

EEFBHMEEL TR

Categor: Energy Saving Measures

e B E T

Envelope Design External wall with low K-value

Bl gt KRR G
Low E glazing with low shading coefficient
Low-Ef&E FH R 3 0%

Lighting Design Use of high efficient T5 Fluor scent lamp in office area

SRS A AR TS F K
Day light Control in the parameter zone for all office floors
H?’Eﬂg’&&)i%ﬁ%ﬁ] B G R R 3 4

Air Side Equipment Demand control ventilation

BRRE BREYTEH

Water Side Equipment
ARE R A&

High COP chiller
B AL

High efficiency water pump
FHAAR

Table 3. 688 Energy saving techniques (Source: AECOM Energy Comparison Report)
F M3 688 WHEH A (SR IF: AECOM fe A6 5 R £)

Category Design Case Baseline 1 (Boiler Baseline2 (Heat Pump
%3 Consumption System) Consumption System) Consumption
(kWh) (kWh) (kWh)
FARSE | EEME R ERMAD A
(KWh) R R %) (Wh) (RAHRRL) (KWh)
Lights 1,407,423 2,049,337 2,049,337
STk
Equipment 2,088,138 2,088,138 2,088,138
&
Lift 1,492,171 1,492,171 1,492,171
L
Heating 433,754 170,560 kWh (Electricity | 265,813
X%
Consumption)
(R E)
10,604therm* (Natural
GasConsumption)
(RRAE)
Cooling 1,012,125 1,402,791 1,402,650
%
Heat Reject 23,391 30,854 30,852
kTt
Pumps 636,459 991,740 990,318
AR
HVAC Fans AL 924,480 827,881 828,016
HVAC Independent 1,182,844 1,477,765 1,477,765
Fan
28 %k 3T AL
Exterior Lighting 255,132 255,132 255,132
FINTH
To!al 9,455,917 11,097,067 10,880,192
Kt

*1 therm is equivalent to 29.3kWh 1 therm=29.3kWh
=AML B L T293F RANE, Ttherm =293kWh
Energy Reduction of Design Case compared with Baseline 1=14.79%

R B 4 L AR AR 1 R 14.79%

Energy Reduction of Design Case compared with Baseline 2 =13.09%

Bt B P A AR A DY §=13.09%

Table 4. 688 Energy consumption comparisons (Source: AECOM Energy Comparison

Report)

F A4 688RLAL LB (CRIR: AECOM REAE HL B &)

Lk, FELHBETREES. REERENXA T RELE
NEFAENELRA RS, WEMELEL A FRAR TN RE
LR, BRET WM EFZEENEREEHORARE, H7
ENRELHANEOE. FTEATEAFERRAATE, BBHEE
MNP AL NP S LA EAM P ER, F0rsk A & B E S
NEARE. BRAERITERT R E A A A
Btk gEE ], FH503:688 F EEHA (R IE: AECOM BEAE LL BT 4)
F 04 688REFE 3R (kIR AECOM RE #8 H 3 4R &)

A, ML WA FBIMES T # o XBHER, @
TEMERKE, TERERTER. EXTIHE, REAT
Bk e R, b EHizEEERETY.

RARARTE R ERT AP RRATE N, 2 HBIMER
WREFRAE LW w iR, 28T E T BT KRR
s RHMRER RN TARE, AmEST ENEHLNE.

R

ERGE, % E NP ERET L B ERBTHEE I E T HF
RFH A, RAERENFRAGA Y ELXEER, #E4ER
WE A RARS . FIR, R4 B % AL T
B ERMAIRI T, HERIERATANGEN, DR AK
B, ETENRAINE, HRAEAENARES, AR
HES . E P ORAR TR, A E R E Bl
RBE, SRAVFRTHER 0, b TRIFELERA
B AL DL T 3 A L 46 0 5L AR BIME A B0k
%, FibAHERAHAEABME A,
FHHAR LB R 2B, RISFEHE LW
CFOBBLR, 4 B RM T Fo 40 2 i LB T B AR A8
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