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DEVELOPMENT OF A 2 X 600MW MEGA COAL - FIRED POWER
STATION PROJECT IN GUANGXI PROVINCE, PRC

Ir Albert S.W. Li, Director - Engineering,
Ir W.Y. Sze, Engineering Manager
CLP Power Holdings Limited
Mr K.M. Tam, Station Manager
CLP Fangchenggang Power Company

ABSTRACT

The economy in the People Republic of China (PRC)
has been growing at an amazing rate in recent years.
This is best reflected by its annual growth in GDP of
11% in year 2007. To support this fast growing pace,
mega electricity power projects are being developed in
most parts of its coastal developing regions, including
Guangxi, which is a province located in the western
part of China, close to Vietnam. This set of
presentation materials summarizes the development of
the Fangchenggang Power Station.

THE PROJECT

Founded in 1901 as the China Light & Power
Company Limited (CLP) in Hong Kong, the
CLP Group has grown from a Hong Kong
based power utility into a leading investor and
operator in the Asia Pacific’s electricity
market. To date, CLP owns a portfolio of over
30 generation assets and retail operation. With
its long term experience in building power
stations in Hong Kong and overseas, CLP is
positioned to utilize its in-house expertise to
developing power generation projects in PRC.
In China, CLP is the largest foreign investor in
electricity power generation, owning a total
equity capacity of over 4.5GW.

The Fangchenggang Power Station Project is
70% invested by CLP and 30% by Guangxi
Water Conservancy & Electric Power
Construction Group Co. Phase I of this Project
has a generating capacity of 1,200MW,
comprising two 600MW coal-fired units. On
completion, the electricity power generated
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from this station will help to ensure a stable
power supply, alleviate the power demand of
Guangxi and support the coastal industrial
development of Guangxi’s Beibu Gulf. The
total investment of this Project is
approximately RMB 4.8 billions.

CONTRACT STRATEGY

With the growing demand for power plant
equipment , but with the western contractor and
equipment suppliers bottlenecked creating
challenges in meeting the project deadlines,
CLP have adopted a strategy of China sourcing
for the equipment supply for the Project. In
addition, CLP have also adopted an
arrangement of splitting the plant procurement
and construction in a number of component
supply and erection packages, as against the
more conventional way of managing the plant
procurement and construction by placing a
turnkey Engineering, Procurement and
Construction (EPC) contract .The benefit of
adopting this approach is that it will allow a
better control in terms of managing and
execution of the works by the Owners,
resulting in a saving of the overall costs for the
investment. However, with such approach, it
will also give rise to a number of challenges to
the project team, demanding special attention
given to the adoption of proven plant design,
careful selection of equipment suppliers, and
most importantly, a need to exercise an
effective control of programme and qualities
during both the manufacturing and
construction stages.
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Development of a 2 x 600MW Mega Coal - Fired Power Station Project in Guangxi Province, PRC

3.

STATE-OF-THE-ART
TECHNOLOGIES

To sustain the economical operation of a coal-
fired project, it is imperative that the design
must be engineered to be as flexible as possible
in terms of coping with its fuel supply. With
CLP’s extensive international coal
procurement experience, a long-term coal
supply contract with an overseas supplier has
been secured for the Project. This approach of
arranging imported coals to the Project will
help to support the Guangxi province to
diversifying its source of primary energy.

Currently, climate change is a challenge of
global proportions. Recognizing that the
conventional fossil fuel business is exposed to
the risk of new regulations on greenhouse gas
emissions, CLP have taken all the necessary
steps to adopt the state-of-the-art technologies
in the development of the Project. These
included the adoption of the supercritical steam
technology, as well as the various other
measures on control on coal qualities and
implementation of flue gas treatment to reduce
the impact on environmental emissions.

PROJECT MANAGEMENT

In the course of developing a mega project such
as Fangchenggang, CLP have also recognized
the need to provide a sustainable and effective
arrangement in the operation and maintenance
of the plant. The station will therefore be

Figure 1 Coal Supply
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managed with the support from a team of CLP
staff, following all the applicable PRC and
international procedures and practices.

At CLP, care for people and the community are
deeply ingrained corporate values. Throughout
the development of the Project, CLP have
taken special care to provide a safe and healthy
work environment for its employees and
contractors. CLP have also participated in the
local community programmers to ensure that
the Project will set a successful example for a
foreign joint venture development of such type
of mega investment in China.

CONCLUSION

From an investment prospective, shareholders
and senior management for a power
development project will be asking for
continued performance and cost improvement.
Hence, managing CAPEX and equipment -
related cost for a high performance level will
be the prime objectives for implementing such
type of development. The achievement of this
objective has been realized by the dedicated
effort of the project team throughout the
various stages of the project development.

From commencement to completion in April
2008, the Project has taken some 26/30
months’ to achieve commercial operation of
the two units. This is comparable to a fast track
programme of this type in PRC, but is a record
broken by the project team for CLP in
developing its overseas projects.

Figure 2 Turbine Hall




Development of a 2 x 600MW Mega Coal - Fired Power Station Project in Guangxi Province, PRC

Figure 3 Station Central Control Room
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Figure 4 Power Station in Operation
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A 1,400MW INDEPENDENT POWER PRODUCER PROJECT IN
RATCHABURI, THAILAND

Ir CK. Lau, Power System Development Manager
Ir P.K. Ho, Senior Project Engineer
Ir M.S. Ching, Project Engineer
Associated Technical Services Ltd
The Hongkong Electric Group

ABSTRACT

Located 100km southwest of Bangkok, a new Natural
Gas Fired Power Plant comprising 2 x 700MW 2-on-1
combined cycle blocks supplying 1,400MW to the
power grid of Thailand via 500kV transmission
system has been fully commissioned by June 2008.
The power plant is developed under Independent
Power Producer (IPP) programme of Electricity
Generating Board of Thailand (EGAT). Electricity
output will be sold to EGAT under a 25 year Power
Purchase Agreement. Hongkong Electric International
Limited (HEI) is the largest foreign shareholder of
Ratchaburi Power Company Ltd, the plant owner.
This paper presents the development of the power
plant and shares experience in meeting challenges for
the project.

1. INTRODUCTION

The economy of Thailand has regained
momentum in recent years after the Asian
financial crisis in 1997-1998. Increased
domestic activities and strong exports achieved
an annual GDP growth of about 5-7% in the
years of 2002 - 2004.

To support the pace of economic growth, the
government of Thailand has been encouraging
and promoting the development of power
projects in different ways especially on IPP -
Independent Power Producer.

As of November 2007, the total installed
power generating capacity in Thailand is
28,530.3MW comprising 15,793.6MW (55.4%)
from Electricity Generating Board of
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Thailand’s (EGAT’s) power plants,
12,097MW (42.4%) from private power
producers and 640MW (2.2%) from foreign
power purchase. The standard voltage levels of
Thailand’s transmission system are 500kV,
230kV, 132kV, 115kV, and 69kV at operating
frequency of 50Hz.

Electricity Generating Authority of Thailand
(EGAT), a state enterprise under the Ministry
of Energy, is responsible to develop, own and
operate not only the national transmission
network but several types and different sizes of
power plants across the country. EGAT also
purchases electric power from private
companies and neighboring countries.

In support of the governmental policy, EGAT
has been reaching agreements with various
Independent Power Producers for the
development of power plants.

Hongkong Electric International Limited
(HEI), a wholly-owned subsidiary of
Hongkong Electric Holdings Ltd.(HEH) was
established in 1997 HEI’s core business covers
investment in power generation, transmission
and distribution as well as other energy-related
businesses. In 2004, HEI with partners reached
an agreement with EGAT for the development
of a 1,400MW gas-fired power plant in
Ratchaburi under IPP programme.

The new power plant, with an initial
investment of US$890 million, is located in the
compound of the existing Ratchaburi Power
Plant in Ratchaburi Province, the land of the
king. Figure 1 shows the site location of the
Ratchaburi Power Plant.
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A 1,400MW Independent Power Producer Project in Ratchaburi, Thailand

Figure 1 Location of Ratchaburi Power
Plant

PROJECT COMPANY &
PROJECT TEAM

Ratchaburi Power Company Limited (RPCL),
incorporated in Thailand, is the registered
owner of the power plant. RPCL is principally
engaged in the development, financing,
construction, installation, testing, operation
and maintenance of the power generating
station.

HEI is the largest foreign shareholder (25% stake)
of RPCL. Other foreign investors are Chubu
Electric Power Co., Inc. (CHUBU) and Toyota
Tsusho Corporation (Toyota Tsusho) which
take up 15% and 10% respectively. The largest
local shareholder is Thailand’s Ratchaburi
Electricity Generating Holding Public
Company Limited (RATCHGEN), with a 25%
interest. RATCHGEN is also the largest
independent power producer listed in the stock
exchange of Thailand as well as the owner of
the neighboring existing Ratchaburi Power
Plant. Petroleum Authority of Thailand (PTT),
the largest petroleum company and the plant’s
natural gas supplier, has a 15% share of the
project. The remaining 10% is owned by
Thailand’s Saha Union Group (SUG).

Associated Technical Services Limited (ATS),
an engineering consultancy arm of HEH, is one
of the owner’s engineers responsible for

SIEMENS
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technical supports in negotiation of the Power
Purchase Agreement (PPA) with EGAT,
preparation bidding documents, selection of
engineering, procurement and construction
(EPC) contractor, overseeing the project
implementation in the detailed engineering and
construction stages. An engineering team from
EGAT is also appointed as owner’s engineer
focusing on construction management and
acting as an advisor on local statutory
requirements. ‘

After a long international tendering process,
the EPC project was awarded to Mitsubishi
Heavy Indurstries, Ltd. (MHI), Mitsubishi
Corporation (MC) and Sino-Thai Engineering
and Construction Public Company Limited
(STECON) in March 2005. MHI design and
supply the core facilities of the power plant and
orchestrating the overall project. Mitsubishi
Corporation and Electric and STECON are
handling on shore work including civil,
structural and construction work.

Chubu Ratchaburi Electric Services Company
Limited (CRESCO), which is owned by
CHUBU and RATCHGEN of equal shares, is
awarded with the O&M contract responsible to
operate and maintenance the Plant in
accordance with the requirements of the PPA.
A long term service agreement (LTSA) is
subcontracted to MC to undertake the gas
turbine performance guarantees and full parts
warranties. Figure 2 shows the organization of
the Project Team.

Figure 2 Organization of Project Team
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A 1,400MW Independent Power Producer Project in Ratchaburi, Thailand

POWER PURCHASE
AGREEMENT

Electricity output produced by the 1,400MW
power plant will be sold to EGAT under a 25
year take-or-pay Power Purchase Agreement
(PPA).

The PPA contains a main body and over
20 schedules to set out the details on
facilities development and provision,
connection arrangement, provision and
purchase of availability and electricity,
delivery of electricity, billing and payment,
environmental quality, fuels supply, critical
dates/milestones, default and termination,
securities and liquidated damages, force
majeure, dispute resolution, limitation of
liability, change-in-law, insurance and
indemnities, representations and warranties,
equity undertaking, governing law and
jurisdiction, etc.

Under the PPA, operating characteristics for
the unit and system operating standards such as
the dependable capacity, reactive power,
primary response, five-minutes and fifteen-
responses to system frequency change, fuel
switching cycle, loading/de-loading rates,
minimum uptime/downtime, start-up/
shutdown notice times, etc. are all well defined.
In particular, the maximum loading/de-loading
rates will be as high as 32MW and the
maximum primary/five-minute/fifteen-minute
response will be 32MW/72MW/250MW
respectively.

Start-up notice time for the whole block from
cold mode is 280 minutes while the shut-down
notice time for 2-on-1 combined cycle mode is
60 minutes. In case of fuel switching between
primary fuel and secondary fuel, it shall be
achieved in 65-75 minutes.

Revenue metering equipments are installed at
the 500kV outgoing feeder lines to existing
Ratchaburi 3 Switching Station.

In broad terms, payment for the electricity can
be divided into two components, namely the
availability payment and energy payment.

-23-

Availability payment in a certain settlement
period is based on the availability of the unit
with adjustment for deviation of contracted
circumstances. On the other hand, energy
payment is intended to cover various costs
related to operation and maintenance.
Adjustment will also be made for meter
reconciliation and cover fluctuation in foreign
exchange rate.

PROJECT PROGRAMME

Figure 3 shows the overall programme of the
2 x 700MW Ratchaburi Power Plant.

Figure 3 Project Programme of the Power

Plant
Major Activities 2005 2006 2007 2008
Civil Works
Site Formation & PilingWork | | s==sequus
Buildings & Foundation
E&M Works
CC Block 1 'V 1/3/3008
GasTurbines |  swssqsssssnfesunachasannnjorss —
HRSGs | | ssssdesssssdusss
Steam Turbine | | eefeeessshasaein s m— —
Electrical/l&C | | pesssssheses
CC Block 2 V62008
GasTurbines | spssussshassssdusssnsqruannns
HRSGs | | =ssssinsnnnduunans
Steam Turbine | | | seesspssssespasnas
Electricai&c | | | ssssspsssaaap
= ===+ Design/P — jon Works ¥ Commercial Operation

The civil work commenced in early 2006 and
the column lifting of first GT building was
carried out in September 2006. E&M
equipment were progressively delivered to site
and installation work was started in the third
quarter of 2006. With the 500kV Switchyard
initial power receiving carried out in August
2007, testing and commissioning phase of the
plant began. After completion of the all
acceptance tests, the first block and the second
block have started the commercial operations
on schedule on 1 March 2008 and 1 June 2008
respectively contributing to ensure safe and
reliable supply of electricity for the
development of Thailand.

Being one of the largest base-load, low cost
generators in Thailand, the 2 x 700MW natural
gas fired combined cycle power plant adds
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A 1,400MW Independent Power Producer Project in Ratchaburi, Thailand

about 5% of country’s total installed capacity
to the grid.

S. PLANT CONFIGURATION

The plant consists of two blocks each of
700MW combined cycle unit in 2-on-1
configuration with an overall efficiency of
around 56% on LHYV basis. It is designed for
dual fuel firing using natural gas as primary
fuel and light oil as backup fuel. Net output
capacity achieved at site condition is 745SMW
for gas firing.

Figure 4 shows the night scene of the
completed Ratchaburi Power Plant.

Figure 4 Completed Power Plant

Each block encompass two gas turbines (GT) ,
two heat recovery steam generators (HRSG),
one steam turbine (ST), associated unitized
auxiliaries and plant common facilities.
Figure 5 shows the Schematic Diagram of a
Combined Cycle (CC) Block.

Figure 5 Schematic Diagram of a CC Block

SIEMENS 24-

The M701F GTs consists of a 17-stage, high
efficiency axial compressor, combustion
chamber equipped with 20 Dry Low NOx
(DLN) combustors arranged in circular array
around the engine, and a 4-stage reaction type
turbine. The HRSG is of natural circulation,
vertical gas path arrangement, triple pressure
with reheat design and without supplementary
firing. The steam turbine is of tandem
compound double cylinder, triple pressure,
reheat, with sliding pressure control and a
downward exhaust condenser capable for
100% steam bypass.

Figure 6 Heat Recovery Steam Generators
(HRSG)

MAJOR ELECTRICAL
EQUIPMENT

The main electrical equipment includes a plant
common 500kV switchyard, six 21kV
hydrogen cooled generators, four 22.5kV
generator main circuit breakers (GMCB), two
6.6kV static frequency converters (SFC), six
525kV/21kV generator transformers, four
21kV/6.6kV unit transformers, six 21kV/560V
excitation transformers, two 380V emergency
diesel generators, twenty eight sets of MV/LV
switchgears, seventy seven sets of AC/DC
distribution boards, twenty four sets of Battery
Charger/UPS inverter and other unit/station
auxiliaries for power generation.
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Figure7 Steam Turbine Generator
Transformer

The GT generator is connected to the generator
transformer by means of isolated phase busduct
(IPB) through GMCB delivering power to the
500kV switchyard. Power from ST generator is
delivered to the switchyard in a similar way
except without the GMCB. A key single line
diagram is shown in Figure 8.

Figure 8 Key Single Line Diagram

BLOCK 2 SO0KY SULTCHYARD MOWITGR.
" sue

The 500kV Open Type Switchyard facilities
are supplied by Mitsubishi Electric
Corporation. Electricity output from each
power block is connected to an individual
single 525kV bus group which is then
transported to EGAT’s existing Ratchaburi 3
Substation via an individual group of 500kV
overhead line.

Air insulated disconnecting switches are
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COELME pantograph type and double break
type. Circuit breakers are Mitsubishi 550kV
Live Tank Gas (SF¢) Circuit Breaker. Because
of the isolation of insulating medium (SFs gas)
from the atmosphere, the insulating capability
of this breaker will be very reliable. Circuit
breaking is achieved by the two breaks in series
per pole and by the intrinsic compactness of the
puffer type interrupters. The simplicity of the
breaker structure minimizes inspection and
maintenance work. Figure 9 shows the 500kV
open switchyard.

Figure 9 500kV Switchyard
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MAJOR CONTROL
EQUIPMENT

Control system for the plant is designed as an
integrated control and monitoring system
capable of fully automatic unit startup/
shutdown and loading control under different
modes via PC based operator stations in central
control room. Redundant configuration in
power distribution system, process controller,
data communication link and interfacing
module is adopted to maximize system
reliability and to eliminate the possibility of
plant shutdown due to single component
failure. The overall Control System
Configuration for Block 1 and Common
System is shown on Figure 10.

SIEMENS
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A 1,400MW Independent Power Producer Project in Ratchaburi, Thailand

Figure 10 Control System Configuration 8.
Diagram

Being the brain and nerve of the plant, the
control system is functionally distributed for
the plant major processes. The backbone of the
plant control system is Ovation Distributed
Control System (DCS) by Emerson Process
Control, responsible for the control and
monitoring of the Heat Recovery Steam
Generators (HRSGs), major Power
Distribution Operation Systems (PDOSs) and
the Balance of Plant (BOP) processes. It
interfaces with MHI’s state-of-the art
Netmation control system via TCP/IP and
gateway computers for the control and
monitoring of the Gas Turbines (GTs) and
Steam Turbines (STSs).

Figure 11 DCS Panels

e

PLCs are utilized for various plant auxiliary
processes and linked up with DCS via
MODBUS interface for remote control and
monitoring in central control room.

SIEMENS -26-

CHALLENGES

Being the major agreement to protect both the
buyer and the seller sides, the route to a final
PPA embracing by both parties is no easy task
especially to close the gap between the
Thailand Authority - EGAT, and the plant
owner comprising of different companies with
different culture and practices. Not to mention
there are a number of challenges in ensuring
the relevant PPA requirements to be
practicably achieved throughout different
stages of the project.

Influenced by the Asian economic crisis,
project financing is no easy task. With the
unfailing commitment of the project company,
the required fund has successfully raised
without the necessity of political risk
insurance. The financing package has even
been voted the “Power Deal of the Year - Asia
Pacific” by a renowned international magazine
Project Finance International as it set a
benchmark pricing for green field power
projects in Thailand absent political risk
coverage. The financing package had its first
drawn down and Notice-to-Proceed to the EPC
Contractor in the first February 2006. The short
delivery and construction period of 24.5
months from Notice to Proceed order to
Commercial Operation of the 1°* Block on
1 March 2008 has undoubtedly set a giant
barrier to this 2 x 700MW power plant project.

Throughout the course of design and
commissioning, the differences in norm and
understanding also introduced some hard
negotiation among the system operator and the
EPC contractor. Extra effort has to be made by
the project teams to tackle some optional grid
requirements and extended commissioning
period. On top of that, the unfavorable weather
condition often slows down the work progress.

Gaining social acceptance at the construction
stage is one of the major issues faced.
Addressing the environmental concerns of the
local community, the power plant has installed
with Dry Low NOx (DLN) combustion system,
water injection control and Continuous
Emission Monitoring System (CEMS)
conforming to USEPA. Emission data have to
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be reported to the Pollution Control
Department (PCD) of Thailand via telemetric
system. Figure 12 shows parts of the CEMS
Facilities.

Figure 12 CEMS Facilities

Continuous

Sampling

Data Transfer

A number of other initiatives have been
implemented to promote public understanding
and trust. RPCL has committed to setting up a
community development fund with one Satang
(1/100 of a Thai Baht) per unit of electricity
sold, which is the first in Thailand, well before
legislation was passed by the Thai Government
in December 2007 requiring similar funds be
set up by power companies for future projects.

Figure 13 Example of RPCL’s Community

Building & Environmental
Protection Work

RPCL has also been providing support for a
number of communities building and
environmental protection programmes, benefiting
tens of thousands of Thailand residents.

-2.7-

9.

CONCLUDING REMARKS

As a green field power generation project,
hurdles and challenges are unavoidable. The
project has been faced with numerous
challenges such as change in project nature,
negotiation of the PPA, conclusion of financial
arrangement, different challenges during
project implementation, coordination with
EGAT (the grid owner), coordination with
RATCHGEN (the owner of existing
neighboring power plant), etc. With the full
dedication, strong technical expertise and
competency of project owners, construction
contracting consortium, and the owner’s
engineers, the obstacles are always cleared in a
professional manner.

The RPLC Power Plant project is successfully
contributing to the booming of Thailand
economy and electricity demand. Rooted in
Hong Kong for over a century as one of the
world’s most reliable electricity companies,
HEH is fully committed to excel in the energy
business in Hong Kong and key international
markets. Leveraging on the strength and
expertise of HEH, plus its own track record of
sound and successful investments, HEI will
continue to explore more business
opportunities including potential investments
in the renewable-energy sector. With its pool of
experienced professionals in electrical,
mechanical and civil engineering, ATS will
also continue to offer quality consultancy and
engineering services to the power and energy
industry globally.
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ABSTRACT

Standing at a height of more than 490 metres with over
100 storeys, the International Commerce Centre (ICC)
located on the prime land of the West Kowloon region
will be the tallest skyscraper in Hong Kong and the
third tallest in the world by 2010. This skyscraper will
contain 250,000 square metres of Grade A office
space, an observation deck, and the 6-star Ritz Carlton
Hotel at the top, and accommodate over 20,000 people
combined. The building will utilise seven lift zones,
three sky-lobbies and four main mechanical floors to
serve the above in the most economical and energy-
efficient manner possible.

Being a world-class skyscraper with international
tenants including top investment banks and 6-star
hotel operators, secure and reliable power supply, and
flexible and expedient elevating service pose
formidable challenges to all engineers. Some of the
engineering solutions to bring these about include:

(i) 100% redundancy 2-N normal supply to
minimize down time;

(ii) 100% redundancy generator back-up for critical
services to enhance supply availability;

(iii) synchronization of gensets to improve step load
capability;

(iv) high-speed double-deck lifts to optimize lift
provisions;

(v) predictive lift control system to maximize
passenger handling capacity; and

(vi) crowd sensor controls to avoid overcrowding in
sky-lobbies during exceptional circumstances.

This paper outlines the solutions from both the
perspectives of engineering design and site construction.

1. INTRODUCTION

ICC is a 490 metres 109-storey skyscraper with
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offices from 12/F to 99/F, observation deck and
food and beverage (F&B) outlets on 100/F and
101/F and Ritz Carlton Hotel from 102/F to
118/F. Due to the sheer scale of the project,
ICC will be completed in four phases. Phase 1
has been completed in Dec 2007 while phases
2, 3 and 4 are respectively scheduled for
completion in June 2009, Feb 2010 and Dec 2010.

When the construction of the skyscraper is
completed, a total of 25 transformer substations
housing a total of 68 pieces of 1.5 MVA - 2.0MVA
dry type transformers will be installed to meet
an overall demand of 80MVA. A total of 88
lifts including 40 double deck lifts will be
installed to provide vertical transportation for a
total population of over 20,000 people. A
secure and reliable power supply and a flexible
and expedient elevator services play an
important role in sustaining the operation of the
skyscraper in good conditions.

Figure 1 Elevation of ICC
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2.

2.1

MAIN ELECTRICAL SYSTEM
SERVICE STRATEGY

Reliability, resiliency and redundancy of
power supply system are of paramount
importance to a world-class skyscraper
operating in good conditions all year round.
The following strategies have been adopted for
ICC to achieve such quality:-

e Dual HV Intake - Currently, the power
company is providing power supply from
different sub-stations to ICC via diversified
routes to ensure HV infeed can be
maintained at all time.

e Dual HV Risers - Power company’s 11kV
cables are running in two independent risers
rising through the core of ICC to eliminate
the risk of total blackout in case of fire or
accidents in one of the risers.

e Cable Joint Rooms - Cable joint rooms
strategically located on mechanical floors
facilitate extension of power supply in
accordance with the site progress and
minimize down time in case of cable faults.

* Dual tenant risers - Each tenant floor is
served by dual riser LV busduct system
feeding from different transformers
sources. In case of power failure, it will be
possible to changeover the tenant loads to
other healthy busduct.

¢ Reduced loading capacity - Some lightly
loaded transformers are deliberately
incorporated which can be set free to offer
on-the-spot replacement of faulty
transformer before permanent replacement
is available.

* Redundancy of supply - 2N supplies backed
up by generators are provided for some
anchor tenants to reduce down time to a
minimum.

e Segregation of services - Within the
building core, dry and wet trades are
segregated from each other thus
minimizing the risk of flooding impact.
Leakage alarm devices are installed at
strategic locations to report leakage for
immediate response by the building
management.

SIEMENS

-32-

Figure 2 Simplified HV Supply Schematic
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2.2

2.3

ABOVE-GROUND TRANSFORMER
SUBSTATION

The height of ICC is comparable to the Peak,
siting the transformer substations on above
ground mechanical floors where the major
M&E plant are located is the best way to
contain voltage drop and distribute electricity
to the plant and tenants. Furthermore, this
extremely economical and energy-efficient
distribution ties in with the phasing plan of
temporary occupation (TOP) ensuring
availability of power supply in a timely
manner. A 4500kg service lift tailor-made for
vertical transportation of the transformers and
switchgear of the power company within ICC
is provided after consultation with the power
company on the requirements of plant delivery.

A total of 25 above-ground substations
accommodating a total of 68 transformers of
ratings 1.5SMVA to 2MVA tailored for ICC will
be provided for the whole building when
completed in 2010. The loading on the
transformers are precisely designed as lightly
loaded transformers are deliberately
incorporated which can be set free to offer on-
the-spot replacement of faulty transformers.
This can ensure continual main supply to the
tenants before a permanent replacement
becomes available.

2-N POWER SUPPLY

Prior to the moving in of anchor tenants, early
consultations with the tenants have been made
to determine the power supply that best suit
their needs. 2-N power supplies are provided
for some of the tenants. Each N of a 2-N supply
is fed by substations in different zones to offer
100% cross-back-up to each other. The power
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distribution infrastructures of each N are totally
segregated from each other thus eliminating the
risk of single point of failure. Due to the
increase in requirement of redundancy of main
supply when 2-N power supply is provided,
conversion of some of the office floors to plant
room floors to accommodate additional
transformer substations and main switchrooms
is required. The structural strengthening to
enhance the floor loading capability, the
modification of the facade for additional
louvers for plant rooms, the additional EMI
shielding to eliminate electro-magnetic
interference to tenants and the design of
substations tailored to suit the head room and
floor loading constraints are challenging tasks
of the conversion which need collaboration
among the design team, the employer and the
power company.

Figure3 Simplified 2N-Power Supply
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EMERGENCY POWER SUPPLY

Four categories of emergency generators are
provided in ICC, they are the FSI generators,
non-FSI generators, Tenant-dedicated
generators and HV generators

a. FSI Generators

Considering the importance of maintaining
the integrity and availability of full back up

for the fire services installations (FSI) at all
times, generators dedicated to the FSI are
provided. A total of 13 FSI generators will
be installed in generator rooms in above
ground mechanical floors to serve :-

e Sprinkler and AFA

¢ Hose reel/Hydrant system

e Drencher system

e QGas total flooding system

e Audio/Visual Advisory system
e Staircase pressurization system
* Smoke extraction system

e Essential lighting and Exit signs

¢ Fireman’s lifts

b. Non-FSI generator

As ICC is targeted to serve international
corporations including top investment bank
and 6-star hotel operator who will demand a
high resilience of power supply, non-FSI
generators are installed to maintain
essential services during emergency. A
total of 9 non-FSI generators will be
installed in generator rooms in above
ground mechanical floors to cater for :-

e All essential air-cooled chillers on
mechanical floors. These chillers are
100% backed up by generator to ensure
the supply of essential chilled water to
tenants in case of the failure of the main
water-cooled chiller system.

e Atleast one passenger lifts in each zone
and sky-lobbies. Vertical transportation
for tenants can be maintained after
sequential lift homing of the lifts.

¢ Base building critical equipment. They
are the security system, CCTV system,
carpark control systems, sump pump
system, emergency broadcast system,
building management system and
service lifts for delivery of fuel caddies
to tenant-dedicated generators.

c. Tenant-dedicated generator

The dedicated generator is designed to suit
the requirements specific to the anchor
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tenants. Currently, a total of 14 non-FSI
generators will be provided. In general, the
generator is designed to back up:-

e Tenant’s UPS systems for their data
centres

e Air-cooled chillers dedicated for the
tenants

e 2N power supply system.

e Other critical services which require
100% redundancy generator back up

HV Generator

Six11kV chillers each of 2050 cooling
tonnes capacity fed by dual 11kV network
from different zone substations of the
power company are installed in the Ist
mechanical floor of ICC. In order to
maintain operation of at least one HV
chiller under main failure, two 2MVA
11kV generators are provided to back up
the HV chiller. The generators will be
synchronized before delivering power to
the chiller to achieve a higher step load
capability and to contain the voltage dip
caused by inrush of starting currents. The
settings of the protective devices of the
MCC of the chillers have been consulted
with the power company to avoid nuisance
tripping of the devices under generator
supply conditions.

Figure4 Simplified HV Genset Power
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rooms located in the vicinity of generator
rooms housing respective generators. The
capacities of the local fuel tanks for FSI
generators are designed to maintain
continuous operation of the FSI generators
for at least 6 hours. A bulk fuel tank room
which houses 6 bulk fuel tanks of capacities
range from 4,500 litres to 11,000 litres is
provided on ground floor to facilitate the
building management to timely replenish
the local fuel tanks whenever required.

Figure 5 Simplified Fuel Supply Arrangement
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LIGHTNING PROTECTION SYSTEM

Being the tallest skyscraper in Hong Kong with
unrivaled views in all directions, it will not be
surprising for the ICC to attract lightning
strikes more than other buildings in Hong
Kong. On the roof of the skyscraper, there will
be 4 sets of early streamer type lightning
arrestors offering lightning protection to the
entire building. The arrestors are connected to a
number of dedicated re-bar down conductors
embedded in 8 mega-columns evenly spread
around the building perimeter and finally
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3.1

connected to the lightning earthing pits and
earthing grids laid below a 8 metres thick
concrete ground slab on the lowest basement.
Lightning stroke counters are installed at test
points in the basement to record the numbers of
lightning strikes attracted by the arrestors at all
times.

Along with the lightning protection by the early
streamer arrestors, the curtain wall system is
also designed as an electrical continuous
envelope and bonded to the dedicated re-bar
concealed in the mega-columns at every three
to four floors interval. The curtain wall system
acts as a Faraday cage which can protect ICC
from attack of side-flashing by discharging the
lightning currents effectively to the lightning
earthing pits through the re-bars.

VERTICAL
TRANSPORTATION SYSTEM

OVERVIEW

ICC is divided into 5 1ift zones for the office
and dedicated lift zones for the observation
deck/F&B floor above the office floors and the
Ritz Carlton Hotel on the top floors of the
skyscraper. There are altogether 88 lifts
providing vertical transportation for working
population over 20,000 peoples and the
capacities and speeds of the lifts range from
900kg to 4500kg and 1.5m/s to 9m/s.

Figure 6 Lift and Escalator Provision for

ICC
Typeo Lt ] Rted Load (Kg | No ofPasengers | Sy (| ol .o L and Ealtor
Double Deck | 1,600 -1_,800 24202444 35-9 R
Single Deck | 900- 1,600 12-21 15-9 30
TxLift 4500 60 4 1
Offce | Escalator %
Double Deck 1,600 A+ 9 4
Observation | Single Deck | 1,000~ 1,600 13-21 175 4
| Double Deck 1800 U+ 9 4
Single Deck | 900-2,500 12-33 16-9 13
Hotel | Escalator 4
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3.2

3.3

A good lift design plays an important role in
achieving a flexible and expedient elevator
service. The following outline the key features
adopted for ICC.

SKY-LOBBY APPROACH FOR
OFFICE

With a floor areas of 250,000 sqm and 67 office
floors, direct transportation between the main
lift lobbies and all the local lift zones will be
penalized for wasting a lot of lift shaft spaces
and reducing the efficiency of the building core
drastically. Sky-lobby approach is the best way
to overcome such inefficiency.

The office floors of ICC is divided into 5 lift
zones with two sky-lobbies located at 48F/49F
(between lift zone 2 and lift zone 3) and 88/F
(between lift zone 4 and lift zone 5).The 1st
sky-lobby is served by eight 1800kg/1800kg
high speed double-deck shuttle lifts and the 2nd
sky-lobby by six 1600kg high speed single
deck shuttle lifts. With the introduction of sky-
lobbies, lift shaft spaces are saved in the low
zones, size of the building core is substantially
reduced and more usable floor areas are
available for the low zone floors.

CROWD SENSOR CONTROL

Crowd sensor control function, which prevents
passengers from crowding into lobby areas that
have lifts of different capacities arriving and
departing, is essential to lift installations
incorporated with sky-lobby approach.

Under the crowd sensor control, passengers
arriving and leaving the sky-lobbies can be
closely monitored by the call destination
control system and crowd detectors in lobbies.
If there are more people arriving than people
leaving, the departure trips will be prioritized
compared to trips which bring people to sky-
lobbies. Thus the transportation of passengers
to the sky-lobbies will be reduced until the
lobbies are no longer overcrowded.
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Figure 7 Crowd Sensor Control Schematic
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DOUBLE-DECK LIFTS

There are altogether 40 double-deck lifts
provided for ICC

Office
Local Passenger Lifts — 24 lifts of 1,600kg/
1,600kg

Shuttle Passenger Lifts — 8 lifts of 1,800kg/
1,800kg

Observation Deck/F&B
Shuttle Passenger Lifts — 4 lifts of 1,600kg/
1,600kg

Ritz Carlton Hotel
Shuttle Passenger Lifts — 4 lifts of 1,800kg/
1,800kg

In order to get the maximum efficiency from
double-deck lifts, the following considerations
have been taken during the design phaseof the
project:

* Floor to floor height of sky lobby and
destination floors shall be the same

* For upward travel from main lobbies or sky
lobbies, the lower car deck will serve even
floors and the upper car deck the odd floors.
Adequate signage shall be provided to
guide tenants/visitors to the correct lobbies.

e Selection of lift control system should best
suit the operation of double-deck lifts. (The
double-deck lift traffic concept is explained
as follows)

SIEMENS
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Figure 8 Double Deck Lift Traffic Concept
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3.5

The compact size of the building core of ICC is
attributed to the adoption of double deck local
passenger lifts and shuttle lifts.

BUILDING SWAY

Standing at a height of more than 490 metres,
ICC will be subject to strong wind effects
during typhoon seasons which create a
complex oscillation and torsional movement of
the building i.e. building sway. The sway might
be barely perceptible to occupants but its
profound impact on the safety operation of the
vertical transportation system must not be
underestimated. The roping systems inside lift
shafts could be excited to oscillate under the
influence of building sway, and in extreme
circumstances come to resonance with the
sway resulting in severe damages to the
installations inside lift shafts.

Lifts with long roping systems are more
susceptible to building sway effects. All lifts in
ICC that serve floors above the sky lobby are
therefore equipped with high wind operation
sensors to safeguard the lift installations by
means of sway control algorithm.

Figure 9 Sway Control Algorithm

|haputstr§>mhigh~m$¢omouuncﬁou~ Functionality | Duration
Level 0: No sway Normal operation Min 5 minutes with

No Building sway

<300 displacement
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>=600mm

Levell: Low sway Speed reduction >=3minutes
Building displacement | Max speed Sm/s about 50%, critical
>=350mm (Speed adjustable) |zones will not be
served anymore
Level 2: Medium sway Further Speed re- >=3minutes
Building displacement |Max speed 2.5m/s  [duction about 25%
>=450mm (Speed adjustable) | Critical zones will not
be served anymore
Level 3: High sway Elevator evaculates | >=3 minutes

people to main floor
and parks at a pre-
defined floor (non-

resonant floor)
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CONCLUSION

ICC is a vibrant super high-rise building that
never sleeps. Incorporated with a highly
reliable and resilient power supply and a state-
of-the-art elevator system, ICC is able to
operate 24 hours a day, all year round, making
it the best choice for headquarters of
multinational corporations. No doubt, ICC is
ready to meet the challenge of the 21* century
and will be an icon of Hong Kong for years to
come.
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ABSTRACT

To meet its growing demand for electricity Qatar plans
to spend $ 5.75 bn till 2010. As a result the Qatar
General Water & Electricity Corporation Kahramaa
conducts the biggest transmission expansion project in
the Lower Gulf region. Siemens has been awarded
several turnkey contracts to build 62 high voltage
substations and to lay 650km of HV cables with total
contract volume of approximately 1.5 billion Euros in
Qatar, Middle East.

A major challenge in the implementation of these fast
track projects is to match advanced technology with
aesthetic building design and to deliver in time. The
execution of the contracts almost in parallel required a
precise time scheduling and resource planning.

New approaches in project management, reporting,
controlling and subcontractor management were
necessary to assure the handing over of the completed
substations to meet time, costs and quality
requirements. The project details along with best
project management practice will be shared in this

paper.

1. PROJECT HIGHLIGHTS

The fast growing economy in the booming
region Lower Gulf leads to an upsurge demand
for electricity, which is increasing at an annual
rate of 12 per cent. The expansion of the
electrical transmission network included the
construction of 62 substations in the 220kV,
132kV and 66kV level and the laying of
approx. 650km HV power cables within 4
years. Following a clear strategy Kahramaa
awarded the contracts with full turn-key
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responsibility to the contractor, including
architectural design, civil, electrical and
mechanical works, associated High Voltage to
Medium Voltage switchgear, power
transformer and Protection and Control system
as a complete package to the customer.

PARTNERSHIP WITH CIVIL
CONTRACTORS

Although the contractor is not a civil
construction company the management of civil
works is understood as core competence for
turn-key projects. An effective local set up for
the civil parts and transparent contracts with
civil companies ensured the permanent control
over the civil works, in line with customer’s
requirement. This approach helped minimizing
contractual claims from civil contractors.

In order not to repeat design works for the
substation building, typicals were created.
They led to a high degree of standardization.
Further a compact design was developed,
harmonious with the surroundings and saving
valuable space. To ensure a clear interface
between the civil construction stage and the
equipment installation stage, each substation
building was clustered in working areas and for
the purpose of precise time and manpower
planning clear milestones for the achievement
of clean room condition were defined.

From the very beginning the liaison with
concerned authorities like municipality/urban
planning/road department was established and
maintained to obtain in advance the necessary
certificates or permits, pre-requisite for the
smooth execution of the projects.
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3.

PROJECT ORGANIZATION

The high demands of such mega projects made
it necessary to build up a powerful team of
experts, able to execute the works without
delay. In the peak 250 employees of 12
nationalities were working simultaneously at
35 locations, managing 4,000 people from
subcontractors. For each project, headed by an
experienced Project team, a dedicated project
execution team was built up. Support functions
helped the project teams in the areas of vendor
coordination, logistics, project planning, safety
and health procedure and quality management,
common for all projects, as and when required.
A coordination team was responsible for a
uniform project execution throughout all
phases over all projects. This matrix
organization created synergy effects and
optimized the economic use of the valuable
asset human resource. In addition, a helicopter
view on the effectiveness of the common
function groups and further improvement is
observed in the process.

RESOURCE PLANNING AND
REPORTING

Apart from the above, advanced project
management tools which are developed by the
contractor for international projects and
adopted to these mega projects were strictly
followed in all project cycles. Every project
work element was documented with the tools
and templates regarding the progress plan,
execution schedule and resource chart, basis of
a transparent and clear reporting system to the
Steering Committee, governing body of the
entire operation.

FINANCIAL AND TECHNICAL
CONTRACT CLOSING

After the commissioning of a substation or
cable route a concise contract closing is
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indispensable for the final success of a project.
The final site activities like training, handing
over of spares and special tools or clearing of
snag items are equally important as the final
engineering activities as-built drawings or
operation & maintenance manuals. New
solutions were agreed with customer, for
example the handing over of the final
documentation in a soft version, avoiding
excessive paper copies. Information can be
easily retrieved from the database, using a
standard internet browser for navigation.

Moreover, trainings were scheduled and
carried out to train customer’s own resource
making them fit for future maintenance and
service job, and strategic spare parts lists
developed and agreed. In order to stay focused
a dedicated Closing team was built up,
responsible for the technical and financial close
out of projects, after handing over from the
project team.

CONCLUSION

The enormous economic growth in the Middle
East Region in recent years required the
execution of big projects. New challenge is to
set up multinational project management teams
with different cultural background or adequate
engineering expertise in the local region.
Effective project management tools and
transparent reporting systems are a must when
implementing mega projects successful.

Only when understanding the customer’s
requirements and responding quickly to his
needs the short execution times of fast track
projects can be met.

During the executions of the above contract,
the contractor successfully delivered the
project in the expected time and quality. This is
a key factor for a satisfied customer and
subsequent orders. The above experience will
be beneficial to similar mega projects in other
regions as well.



Construction of Turnkey Transmission Project at Lower Gulf — Challenges & Achievements

Figure 1 Substation West Bay Super #1

Figure 2 Project Management Tools

GTCH3R003 PHASE 5

Figure 3 Switchgear & Control Rooms
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