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SMART AND GREEN GRID

Mr C.M. Kwan

Senior Smart Grid Development Manager
CLP Power Hong Kong Limited

ABSTRACT

Smart grid uses megabytes of data to move megawatts
of electricity more efficiently, reliably and affordably.
Through power grid modernisation, pervasive
communications and information technology; a smart
grid engages renewables at scale; improves reliability,
security, and efficiency of an electric system from
generation, through power grids to energy customers
and a growing number of renewable energy. As they
are developed and deployed, the smart grid technologies
and applications will bring new capabilities to utilities
and energy customers in keeping our environment green.

This paper will first describe the world-wide drivers
and focuses on smart grid development, followed by
CLP’s energy vision, and finally the CLP definition on
smart grid, strategic focuses, and phased approaches
to transform our traditional grid into a “smart and green
grid”.

1. INTRODUCTION

Power grid, hailed as the most significant
engineering achievement of the 20% century,
continues to keep our lights on, our business
productive and our energy users comfortable in
hot summers as well as in cold winters. However,
the grid was never built to respond to today’s
clean-energy challenges.

Compared to other industries like information
technology and mobile phones, the power grid
has been largely bypassed by technology
innovation until relatively recently. Over the
past few years, the utility industry has witnessed
the progress on two fronts: i) the transition to
the clean-energy economy, and ii) the centrality
of strategic infrastructure investment and the
engagement of customers to help utilities achieve
their carbon emission reduction targets.

-1.1-

2.1

CLP has evaluated world-wide smart grid
initiatives as well as their value propositions
and established a Smart Grid Development
Roadmap. Initially, CLP will focus on strategic
areas such as integration with intermittent
renewable energy sources, transmission and
distribution network management, customer
interaction, last-mile communication networks
and information technologies. CLP already has
various pilot projects, varying from self-healing
systems for critical equipment through to
advanced metering infrastructure and
communication technologies.

WORLD-WIDE FOCUSES ON
SMART GRID DEVELOPMENT

RE-ENERGISE ENERGY UTILITIES TO
PROMOTE GREEN FUTURE

Smart grid deployment covers a broad array of
power supply chain capabilities and business
models enabled through pervasive communicat-
ions and information technology.

By overlaying power grid with two-way digital
communication, digital automation and smart
meters to the grid, power utilities envisage real
time monitoring and intelligent control from the
power grid to customers’ appliances in order to
dynamically respond to many conditions of
power imbalance. The smart grid also helps
integrate more variable renewable sources of
electricity, in addition to facilitating the use of
electric vehicles and energy storage.

With the emerging clean-energy economy,
integrating distributed renewable energies to the
main grid has created a lot of system control
and reliability issues. There is a new horizon for
smart grid for managing distributed generation,
including renewables, energy storages and micro-
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2.2

grids; encouraging innovation to spur the
development of new green technology and
business models.

Smart grids have been widely adopted by power
utilities around the world as a way of addressing
energy independence, global warming and
emergency resilience issues. The main drivers
of smart grid are:

* Reduce energy usage and carbon emission;
* Wisely use renewable energy;

* Improve supply reliability; and

*  Optimise grid management.

THE SMART GRID TODAY

The evolution towards a 215 century grid is
already taking place, but until now an end-to-
end smart grid has yet to be fully developed.
This finding reflects smart grid is still relatively
new as compared to traditional power grid
developments.

We have seen an influx of new smart grid
technologies. And in this time we have also
witnessed the continued deployment of millions
of smart meters and communication networks
across the U.S., Europe, Australia, Brazil and
many other nations. In terms of focus areas,
there are five main categories:

* Smart metering: Smart meter is a key
component in demand-side energy
conservation programme. Many utilities in
the United States, Europe and Australia are
deploying millions of advanced electric
meters. Up to mid-2010, over 6.2 million
smart meters were installed in North America.
In Europe, Italy has the world’s largest smart
meter deployment. Up to 2010, 32 millions
of smart meters are in place.

¢ Demand response: Making use of Smart
Meter, Home Area Network (HAN) and
Advanced Metering Infrastructure (AMI),
demand response systems have been rolled
out in the United States to save demand on
peak days. By accessing and leveraging
energy usage information, smart appliances
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-1.2-

reduce energy consumption by lowering their
output during the peak-demand periods.

Demand response (DR) helps consumers
manage their energy consumption — 24-hours
a day, 365 days a year — in a way that enables
the effective use of the power grid and both
renewable and traditional power plants. DR
provides energy consumers the opportunity
to adjust their power usage in real time in
response to grid conditions or price signals.
Typically thought to be about reducing energy
usage, demand response is also about
increasing demand when energy is plentiful
and additional consumption can help balance
the grid. The ISO is working with
stakeholders to identify new DR opportunities
and increase DR participation in the ISO
markets.

Grid modernization: China’s vision in smart
grid development is to build a “Strong and
Smart Grid”, one focus of which is to uphold
reliability of the transmission networks
integrating an Extra-High Voltage AC
(500kV) and DC (+450kV) networks linking
major resources (coal, hydro and renewables)
and load centres. The State Grid Corporation
of China said it will invest $590 million to
Smart Grid through 2020. On distribution
level, some other countries devote plentiful
resources to distribution automation for
changing loads and failure of the distribution
systems, usually without operator
intervention.

Distributed energy resources: In Japan, wind
generation reached 1,850MW in 2008 and
solar power (photovoltaic panels) had reached
2,400MW in 2009. Since the Fukushima
incident, smart grid developments in Japan
have focused on large penetration of
distributed energy resources, especially
renewable integration and even micro-grids.

Energy storage: Utilities worldwide, includ-
ing US, Canada, South Korea and Sweden,
are collaborating with research parties to
design and implement highly reliable, cost-
effective energy storage solution to comple-
ment with the intermittent nature of renew-
able energies, with the aid of advanced energy
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management systems through precision
control and complex power capabilities.

CLP’S ENERGY VISION

In 2009, CLP published “Towards a Greener
Pearl River Delta - A Roadmap for Clean Energy
Generation for Hong Kong” to outline our vision
for energy for the next ten years. We will play
our part and work with all concerned parties to
help the community achieve their aspiration for
improved air quality in Hong Kong.

INFRASTRUCTURE INTEGRATION
ENABLES CLEANER POWER

With economic cooperation throughout the Pearl
River Delta (PRD) growing fast, infrastructure
planning and development is becoming more
integrated to support growth in both Hong Kong
and Guangdong. Energy supplies are no
exception - their integration is just as important
as other infrastructural development, such as
transportation.

CLP’s electricity network is linked to Guangdong
- it allows us to import nuclear power from Daya
Bay and supply power from Hong Kong to
Guangdong. In addition, an 800km pipeline
between Hainan and the Black Point Power
Station has been providing us with natural gas
to generate cleaner power for Hong Kong.

As economic integration accelerates, streng-
thening electrical and energy infrastructure links
between Hong Kong and the PRD will provide
mutual benefits.

CLEANER FUEL MIX REDUCES
CARBON FOOTPRINT

CLP has been using coal, natural gas and nuclear
power to meet Hong Kong’s demand for electricity.
This fuel diversification strategy has enabled us
to provide electricity in a reliable and
environmentally responsible manner. In view of
the challenge of climate change, we believe a
well-balanced mix of cleaner fuel including
natural gas and nuclear will be essential for
allowing us to be less reliant on carbon-emitting
coal and contribute to a greener Hong Kong.

3.3
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Looking ahead, in order to further reduce our
carbon footprint, we can expect the reducing
use of coal which is mainly to meet demand
fluctuations and as a back-up to ensure supply
reliability in case of interruptions arising from
the electricity transmission network in South
China. Maintaining a certain level of coal-burning
capability within our system is also important
for reducing our exposure to gas or other energy
supply interruptions or volatility.

PROMOTING LOCAL RENEWABLES
COMBATS CLIMATE CHANGE

Recognising our role in the collective effort in
combating climate change, CLP Group has been
working towards de-carbonising its generation
portfolio. Renewable energy is one of the
technologies that will help us meet our targets.
Our renewable energy efforts are not limited to
electricity generation only; they also include
suﬁporting the public in their installation of
renewable energy sources and their connection
to the electric grid.

PROMOTING ENERGY EFFICIENCY
CHANGES ENERGY CONSUMPTION
BEHAVIOUR

Energy conservation plays an important role in
the collective efforts against climate change.
Recognising its importance, CLP Power has
been raising awareness about the importance of
using energy wisely through offering energy
efficiency-related services and educating the
public.

CLP’S DEFINITIONS OF SMART
GRID

Although smart grid has been adopted by utilities
worldwide, different countries and different
utilities have yet to agree on a common definition
of a smart grid.

CLP followed its Energy Vision and established
CLP’s definition of smart grid as follow:

“A reliable and efficient infrastructure that
integrates with advanced applications, intelligent
devices and appliances to enhance system
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resilience against disruptions, engage customers
in energy efficiency, accommodate renewable
energy & energy storage, and optimise asset
performance & investment.”

Figure1 CLP’s Definitions of Smart Grid
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The following picture illustrates the future CLP’s smart
grid.

Figure 2 High-level System Diagram of the
Future CLP’s Smart Grid
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5. CLP’S COMMITMENT TO
BUILDING SUSTAINABILITY
INTO THE POWER GRID

In CLP Power, we believe only an end-to-end
smart grid solution will bring the real benefit to
whole society. CLP follows its Energy Vision
and has established an end-to-end smart grid
development roadmap. We already have
numerous pilot projects in progress, varying
from renewables to self-healing system for
critical equipment and all the way down to smart
home/commercial buildings. They will synergise
efficiency programmes, demand response,
renewable energy sources and distributed
generation to a degree previously unattainable.
The future CLP smart grid will enable energy
users to exercise control over how and when
they use energy to reduce carbon emission.

SIEMENS

5.1 RENEWABLE ENERGY - ENABLING A
CLEANER ENERGY FUTURE

Renewable energy (RE) comes from natural
resources such as sunlight, wind, flowing water,
tides, biological material and geothermal heat,
which are naturally replenished. However, RE
also has its weaknesses. It is difficult to generate
sufficient electricity to meet the demand of power
supply, often relies on the weather for its source
of power. This can be unpredictable and
uncontrollable.

The best solution is having a balance of
conventional power sources and renewable
energies. Smart Grid can connect, predict,
monitor, analyse, store and control unstable RE.
Currently, CLP is implementing RE projects
such as solar and wind power.

In early 2010, CLP commissioned the first
commercial standalone renewable energy system
in Hong Kong and delivers electricity to the
residents on Town Island. The system supplies
electricity by photovoltaic arrays with nominal
capacity of 19.8kW. Further expansion of the
renewable energy system in Stage 2 of the project
is expected so as to meet the demand growth on
the island.

The first stage of the system is now in service
and relevant operating and ambient data are
being collected. Further analysis of these data
would provide more insight on the type of
renewable energy system and facilitate future
development of similar renewable energy
installations in Hong Kong.

Figure 3 PV Yard on Town Island
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Figure 4 System Schematic of Stage 1 Town
Island Renewable Energy Supply
System
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SMART METER AND ADVANCED

METERING INFRASTRUCTURE -
LAYING THE FOUNDATION FOR

CARBON SAVING

Advanced Metering Infrastructure (AMI) tightly
integrates with smart meters to measure, collect
and analyse energy consumption in intervals of
an hour or less.

The collected consumption data will then be
sent to a central Meter Data Management System
(MDMS) via telecommunication networks either
on a schedule or on request for consumption
monitoring and billing purposes.

AMI could provide the ability for two-way
communication between utility and energy users
for demand response, remote connection/dis-
connection, time-of-use tariff scheme, integrated
voltage/VAr control, and potential use for outage
detections.

CLP is piloting smart meter and AMI to test
technology feasibility, explore its potential
benefits to customers and the community, test
technology feasibility, the acceptance and
responsiveness of community and customers.
An engagement programme has already been
put in place to test the technologies and customer
responsiveness.

-1.5-

Figure 5 Engagement Programme for AMI
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SMART HOME & SMART COMMERCIAL
BUILDING - ENABLING GREEN POWER
MANAGEMENT

CLP is exploring and piloting a series of
advanced information exchange technologies
such as AMI, Home Area Network (HAN) and
Home Energy Management System (HEMS) to
enable energy efficiency and demand response
programmes.

Figure 6 CLP’s Home Energy Portal

Alrconditioner

A typical HEMS could be broken down into
four key areas: 1) mobile device and application
— allow users to monitor and control their energy
usage and cost, ii) smart appliances and devices
— collect and transmit energy consumption data
generated by individual appliance, iii) com-
munications — HAN and last mile communication
network to enable bi-directional communication
between customers and CLP, and iv) back-office

SIEMENS

Paper
No. 1



Smart and Green Grid

information systems — process and analyse energy
usage data for billing, remote management of
appliance in real-time and further optimisation
of customer energy efficiency.

Figure7  System Diagram of Home Energy
Management System

The HAN comprises a home display unit and
linkages to the energy user’s various house-hold
appliances such as air conditioners, heaters,
washing machines and lighting systems. The
network enables energy customers to manage
energy consumption and energy costs of their
home appliances more effectively. For example,
on a cool day, the HAN would send a signal and
your air conditioner will adjust temperature
based on your preferences and reduce energy
use. Some major home-appliance manufacturers
have announced that they will make their entire
electronically controlled appliances smart home
compatible by 2015.

Home Display Unit (HDU) is a part of the HAN,
energy customers can have a clear picture of
energy consumption and usage patterns at home.
This information can help them to improve home
energy cost performance and keep the
environment green by controlling the electric
appliances and adjusting room temperatures
remotely and/or automatically.

Reducing operating cost is a crucial part of
commercial building management. With the
development of smart grid and installation of
building management systems, two-way data
transmission between the commercial buildings
and smart grid is made possible, with the
application of latest communication and
information technologies. This provides greater
flexibility of regulating electricity demand of

SIEMENS -16-

54

the buildings and improving energy efficiency,
and ultimately driving the building’s operating
costs down.

CLP is piloting Distributed Energy Management
System (DEMS) in some CLP’s office buildings.
DEMS automatically measures, forecasts and
validates energy consumption according to floor
area. The system bases on weather and energy
demand to identify potential energy conservation
measures and perform demand response. Since
lighting and air-conditioning consume more than
50% of total energy consumptions in a com-
mercial building, DEMS could, according to
timing, weather and environment, wisely reduce
the lighting intensity and raise temperature inside
the building to achieve considerable energy
savings.

ELECTRIC VEHICLES - DRIVING
TOWARD A CLEANER ENVIRONMENT

CLP is playing a major role in facilitating the
introduction of electric vehicles (EVs) to Hong
Kong. We have worked closely with Government
and the automobile industry to develop the
standards and specification required for the long-
term sustainable deployment of EV charging
infrastructure in the SAR. EV charging stations
have now been installed and made available to
the public in 26 carparks. CLP waived the fees
for the charging stations in 2010 and has extended
this waiver through 2011, while the car park
with charging stations provides free parking for
EV during the same period. In the Hong Kong
Parade and Exhibition for the 25% International
Electric Vehicles Symposium organised by CLP
last year, the EV parade, involving more than
30 different EVs from across the world, was the
largest of its kind yet seen in Hong Kong. Over
60,000 members of the public visited the EV
exhibition. More than 6,000 guests participated
in the EV Ride and Drive, giving them their first
experience with electric cars.

CLP also introduced Hong Kong’s first EV Quick
Charger for technical trials in February 2010.
The Quick Charger takes about 10 minutes to
power an EV to run 50km and 120km on just
half an hour charge.

To provide an integrated EV charging solution,
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CLP has applied different technologies to meet
safety and payment requirements:

e The charger plug will be locked when
charging is in progress;

» Electronic key is used for authentication;
and

» Post-charge payment options.

In addition to 13A socket, CLP has also adopted
IEC 62196-2 plug and socket system. The IEC
standard enables locking feature to disallow
unplugging during charging, communication
between the EV and the charger to provide smart
charging, and one-size-fit-all-current-level plug
and socket system.

Figure 8 The Differences between Typical

Industrial Connectors and IEC
62196-2 Plug and Socket Systems
for EV Charging

Typical industrial connector concept EV connector concapt
016 s* eris
63 A § . -
63’5‘1/ 4 tamida contant
K 32A 44 v o
32A 4 I amn
i sinttod with peng
[
16 A down
shoited

GREEN POWER IS GOOD BUT
SUPPLY RELIABILITY IS
EQUALLY IMPORTANT

A reliable power grid is a necessary enabler of
a successful society. In CLP Power, we constantly
challenge ourselves to provide greener and more
reliable electricity supply.

The components of a smart grid are intelligent
but not magical. A smart grid will only be smart
if every part of its components and networks are
healthily working together. In the past two
decades, CLP Power put tremendous efforts into
keeping our power grid strong.

In line with the social and economic
development, starting as early as the 1990s, CLP
has been striving to improve the reliability and

quality of our transmission and distribution
systems to bring them to the highest levels.

The following diagram summarizes various
essential components of a smart grid. They are
grouped into T&D infrastructure, data platform,
communication network, operating systems and
advanced business applications.

Figure 9 Essential Components of Smart Grid
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In fact not all smart grid components are new
technologies. CLP is already quite advanced in
those areas with a tick, and making progress in
some other marked with a hand tool. Those
marked with a magnifying lens will be tried out
in the next few years through pilot projects.

6.1 ONLINE CONDITION MONITORING

On-line Condition Monitoring enables round-
the-clock real-time equipment health monitoring.
It improves supply reliability and lowers
operating costs. The repair in early stages costs
much lesser than when the equipment has broken
down.

Instead of periodic on-site health check by
maintenance crew, on-line condition monitoring
combines advanced sensors, Intelligent
Electronic Devices (IED) and advanced
monitoring technology to continuously analyse
the health condition of power equipment, like
transformers and switchgears. The round-the-
clock health check helps identify early symptoms
of different types of potential failure of
equipment, enable proactive maintenance timely
at the right location with the correct method.
As a result, it eliminates functional failures of
equipment.

SIEMENS
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On the other hand, the time-stamped data
collected are very helpful for equipment health
trend analysis. This is especially important for
aging plant.

comparing the snapshots with each other, the
steady state and the dynamic state of critical
nodes in transmission networks can be observed.

Figure 11 Monitoring Options of CLP Online
In the past few years, the result of our field trial Condition Monitoring System
was encouraging. Some equipment problems
were identified in the early stage and our
proactive actions successfully prevented

equipment failure.

Switchgear Monitoring
Busbar voltage of GIS panel
Load current flow through the GIS panel
B8F6 gas pressure in all GIS chambers. The pressure
reading shall be adjusted to 25°C,
SF6 gas temperature in all GIS chambers.
Time between opening signal initiated and the CB
main contact fully opened.

Voltage (each phase)
Current (each phase)
8F6 gas density or pressure

SF6 gas temperature

Opening time of Circuit Breaker or
Load Break Switch for 400kV shunt
reactor circuit

Closing time of Circuit Breaker or
Load Break Switch for 400kV shant

Figure 10 High-level Diagram of On-line
Condition Monitoring System

Time between closing signal inmitiated and the CB
main contact fully opened,

The diagram shows how the system works.
Inside a substation, IDE process raw data
collected from sensors; and then send them to
back office through a high-speed data network.
The central monitoring system stores and
analyses data, lets operators know the health
trend of the equipment and enables condition-
based maintenance. In case potential problems
exceed threshold levels or in emergency, the
system will automatically alert the responsible
person through SMS.

Wide-Area Monitoring System (WAMS) is a
near real-time condition monitoring of
interconnecting power grids. It is essentially
based on the new data acquisition technology
of phasor measurement. The Phasor
Measurement Units (PMUE) at strategic locations
in the interconnected power grids measure
current, voltage and frequency. The measured
quantities include both magnitudes and phase
angles, and are time-synchronised via GPS
(Global Positioning System). The phasors
measured at the same instant provide snapshots
of the status of the monitored nodes. By
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6.2

CLP’s power systems are interconnected with
the China Southern Grid which is becoming
highly meshed, very complex and with high-
energy flow close to its dynamic limits. In the
light of these factors, monitoring the dynamics
and maintaining the integrity of power systems
is becoming more and more important.

The comprehensive intersystem information
analysed by the WAMS is sent to Grid
Management Systems to generate alarms and
alert system operators to evolving disturbances.
This advance alert enables operators to take
remedial actions and maintain system integrity.

DIGITAL SUBSTATION

CLP Power is always at the fore front of adopting
advanced technology in its transmission and
distribution network for continuous improvement
in supply reliability, cost optimisation and
customer satisfaction.

For exploring different self-healing technologies
and to finalise the standards for future digital
substations, CLP will commission its first digital
substation in southeast Kowloon in 2012. The
digital substation standards will then be applied
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to all new transmission substations. For the
existing substations, where the business case
justifies, CLP will gradually retrofit them with
digital protection and control system.

The intelligent features of the digital substation
include digitalized information, unified
communication platform, standardization of
information sharing and applications. They
integrate the primary equipment with smart
components and enable full spectrum of on-line
monitoring, condition assessment, self-healing
and automated intelligent operation of primary
equipment.

Numerical Auto-Switching (NAS) scheme has
been adopted as the self-healing system in digital
substation to automatically restore electricity
supply. The scheme provides additional
flexibility and higher supply reliability for
instantaneous power supply restoration in case
the substation transformer is tripped on fault.

The Intelligent Protection, Automation, Control
and Supervision System (IPACS) integrates and
coordinates protection and control systems to
enhance operation and management system, for
example, support for condition-based
Maintenance (CBM), emergency response and
Self diagnostic.

Figure 12 Key Digital Features of CLP Digital
Substation

3

6.3 OVERHEAD LINE SELF-HEALING

NETWORK
Overhead lines are exposed to weather and

environment. Extreme weather conditions, like
typhoons and lightning storms, can lead to power
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interruptions. To enable overhead line automation
for faster supply restoration at rural areas, CLP
has installed Pole-Mounted Switches (PMS)
with remote control capability in 11kV overhead
line network for many years. However, the PMS
lacks intelligence to coordinate with other PMS
to restore power supply through alternative
supply sources.

In order to further enhance supply reliability of
our 11kV overhead line system, intelligent
switches and devices will form a self-healing
network on selected 11kV overhead lines for
field trial.

The self-healing function is achieved through
continuous monitoring of the network status.
The faulty section can be identified reliably by
measuring the phase angle difference between
fault currents at both ends of a section when
downstream fault current also exceeds the over-
current setting. The faulty section will then be
isolated and the other affected but healthy
sections will be restored automatically through
alternative supply sources.

Figure 13 Expert Self-Healing Mode
Automatically Isolates Faults and
Restores Power Supply from Healthy
Sources

Fower Source B

6.4 INFORMATION INFRASTRUCTURE

Information technologies play a vital role in the
smart grid. Both the grid operators and energy
customers will experience a vast amount of
cutting-edge technologies. These technologies
are supported by powerful application software
through a robust, broadband and high-speed
telecommunications infrastructure to provide
reliable and accurate information. For instance,
customers can remotely monitor and manage
the power utilisation of their household
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appliances with various kinds of software, while
engineers can acquire real-time power grid
operational data through system applications to
ensure a reliable and stable power supply.

As far as information security is concerned, CLP
has stringent information security polices and
standards in place for many years. Recently,
CLP has followed relevant industrial standard,
for example NIST IR-7628 & SP800-53A and
ISO 27k & 31k series, and established a smart
grid security guild.

Figure 14 CLP’s Information and Smart Grid
Security Framework
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CLP has adopted IEC’s Common Information
Model (CIM) and industry open standards to
establish an Integration Information Infrastructure
and Enterprise Data Warehouse for smart grid
operation. The systems will put the foundations
in place to ensure business-critical data get to
the right place at the right time. A web-based
Operational Data Portal gathers relevant
operational data and transforms them into
decisions-support information.

6.5 TELECOMMUNICATION
INFRASTRUCTURE

The development of Smart Gird boosts the
demand on the support of telecommunications
network that have never seen before.
Bidirectional data and information are
continuously gathered from and sent to multiple
locations: energy customers, distribution systems,
transmission and generation. The information
exchange enables the power grid to adjust itself
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in order to accommodate dynamic changes in
users’ behaviour along with the status of countless
numbers of system equipment.

Transiting and managing huge amount of data
and information flowing around the smart grid
need a robust and optimised telecommunications
infrastructure. CLP has adopted a three-level
telecommunication architecture: core, access
and last mile telecommunications.

Figure 15 CLP’s 3-level Telecommunication
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Diversified technologies such as fibre optics,
microwave, radio and power line com-
munications will be utilised in an effective way
to ensure speedy and reliable connections.
Coupled with robust design, CLP’s com-
munication network can survive in all weather
conditions to provide uninterrupted services.
With the extensive reach of our telecom-
munications infrastructure, all equipment and
information in the smart grid will be readily
accessible to operators and customers.

Figure 16 Diagram of CLP’s

Telecommunication Technologies
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6.6

ADVANCED OPERATION
TECHNOLOGY

Distribution automation fully utilises advanced
electronic, computing, network and field bus
technologies to achieve decentralised data
collection and centralised monitoring.
Distribution automation allows CLP’s System
Control Centre to remotely monitor and control
over 11,000 customer substations in the
distribution network. This not only improves
operational efficiency but also significantly
improve supply reliability.

CLP’s Distribution Management System
provides a real-time supervisory control and
data acquisition utility functions on distribution
equipment that eventually delivers electricity to
customers. This system is among the largest
one of its kind in the world, comprising Remote
Terminal Units (RTUs) installed in customer
substations throughout the distribution network.
The system significantly enhances the operational
efficiency and safety of distribution system and
its supply reliability.

Trouble Call and Outage Management System
(TCOM) tightly integrates with various CLP’s
operational systems (such as Distribution
Management System (DMS), Enterprise Work
Management System (EWMS), and Customer
Care & Marketing System (CCMYS)) to facilitate
efficient and effective decisions on outage
management and emergency services to restore
supply. With the advanced features such as calls
grouping, visualized outage locations, and
detailed outage analysis reports, CLP is able to
provide a reliable supply and high service
standard to our customers.

Automated Mapping/Facilities Management
(AM/FM) serves as the centralized database that
stores geographical information for CLP’s entire
power network. With its unique powerful
geospatial analysis functions in a mapping
environment, the system facilitates the various
tasks on the planning, design, construction,
maintenance of power network. It is a useful
tool to deliver reliable supply and world-class
customer services to our customers.

-1.11 -

SMART GRID EXPERIENCE
CENTRE

CLP’s Smart Grid Experience Centre is the first
smart grid centre in Hong Kong. Through display
boards, videos and interactive models, the centre
demonstrates CLP’s end-to-end smart grid
solutions from renewables all the way to smart
buildings and smart homes. The centre aims to
let visitors understand the real benefit that will
be delivered by smart grid and how they could
participate in energy efficiency and demand
response programmes to keep our environment
greener.

Figure 17 An Interactive Model illustrates
Online Condition Monitoring and
the Detection of Partial Discharge
inside Transmission Switchgear
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Figure 19 Display Boards and an Interactive
Model illustrate Major Functions
and a Numerical Auto-switching
System inside CLP’s Eastern Road
Digital Substation

8. CONCLUSION

CLP masters various advanced technologies in
every part of the electricity supply chain in order
to address the challenges in the coming years.
With the development of smart grid, our system
will be strengthened to provide power supply
reliably and efficiently. As a result, our customers
will receive more reliable electricity supply,
cleaner energy and world-class services no matter
they are at home, in the office or behind the
wheel.

CLP has reviewed smart grid developments in
various utilities around the world and identified
smart grid solutions that best fit the Hong Kong
environment. We have established a Smart Grid
Development Roadmap. Initially, we will focus
on strategic areas such as integration with
intermittent renewable energy sources,
transmission and distribution network
management, customer interaction, last-mile
communication networks and information
technologies. We have 15 demonstration projects
in progress, varying from self-healing systems
for critical equipment through to advanced
metering infrastructure and communication
technologies.

SIEMENS

ACKNOWLEDGEMENT

For taking time out of their busy schedules, I am deeply
indebted to a number of colleagues in CLP Power.
They contributed their efforts in the smart grid pilot
projects and change management processes. We are
privileged to have a lot of colleagues who are willing
to spend their time to explain their work processes and
share their great ideas in the new paradigm with us.

Nevertheless, my most sincere thanks go to the
management of CLP Power for supporting me to share
CLP’s strategic focuses on smart grid development in
the HKIE Conference.

NOTES

1. CLP Power Hong Kong Limited is the largest
electric utility in Hong Kong serving the business
and domestic community in Kowloon, the New
Territories, Lantau and most of the outlying
islands. Operating a vertically integrated
electricity generation, transmission and
distribution business, CLP Power provides a
highly reliable supply of electricity and excellent
customer services to over 5.5 million people in
its supply area.

2. Outside Hong Kong, CLP Holdings also invests
in energy businesses in Mainland China,
Australia, India and Southeast Asia. It is the
largest external investor in the Chinese mainland
electricity industry, and a leading international
private sector power company in the Asia Pacific
region with a diversified portfolio of power
generation from gas, coal, renewables and
nuclear.
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ABSTRACT

In support of Government’s sustainable development
policy to have 1 to 2% of the total power generation
in Hong Kong coming from renewable energy, HK
Electric has been embarking on developing renewable
energy projects in recent years. With the successful
commissioning of the first commercial scale wind
turbine (800kW capacity) on Lamma Island in early
2006, HK Electric has been carrying out further studies
for developing an offshore wind farm of 100MW within
the territorial waters in Hong Kong. The Environmental
Impact Assessment of the project has been completed
with the Environmental Permit of this project granted
by the Authority in June 2010. An in-situ wind
monitoring campaign is to commence towards the end
of 2011. The estimated annual generation from the
offshore wind farm is about 170GWh accounting for
about 1.6% of the total generation of HK Electric system
in 2010, which is adequate for consumption of 50,000
Hong Kong families. It can supplant the use of around
62,000 tonnes of coal per annum, hence a reduction of
150,000 tonnes of carbon dioxide. The wind farm is
planned to be commissioned by end 2015 and will
contribute to a greener Hong Kong throughout its
operating life of 25 years.

PROJECT BACKGROUND

Recognizing the importance of sustainable
development and wider application of renewable
energy to combat global climate change, HK
Electric first commissioned the “Lamma Winds”
in February 2006 at Tai Ling on Lamma Island.
The “Lamma Winds” is a 800kW wind turbine,
and is the first utility scale renewable energy
facility ever built in Hong Kong. By end July
2011, “Lamma Winds” has generated more than
4.9 million kWh of green electricity offsetting
more than 4,000 tonnes of carbon dioxide

emission. It represents an average capacity factor
of about 13% over the past few years with the
highest in 2009 at 15.7%.

Figure 1 Lamma Winds

“Lamma Winds” has not only enabled HK
Electric to gain precious experience in wind
power generation but also laid solid foundation
for subsequent exploration of larger scale wind
farm project in the territory.

The renewable energy target set out in the First
Sustainable Energy Strategy for Hong Kong in
2005 was 1 to 2% of the total power generation
in the territory, based on which HK Electric
proposed to develop an offshore wind farm
within the territorial waters, and CLP Power has
similar plan as well. These initiatives from the
power sector have been included in
Government’s consultation document of “Hong
Kong’s Climate Change Strategy & Action
Agenda - 20107, in which the long term plan
for renewable energy development by 2020
proposed by Government is set at 3 to 4%. The
offshore wind farms of the two power companies
will constitute 1 to 2% and the other 2% comes
from waste-to-energy generation.
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2.  SITE SELECTION

For obvious land constraint reasons, finding
suitable land space in the territory to develop
sizable onshore wind farms is not feasible.
Experience from “Lamma Winds” also shows
that land-based wind resource is not affluent.
HK Electric has therefore shifted the focus to
potential offshore sites and conducted a
comprehensive territory-wide site selection
exercise to identify feasible offshore site(s) for
development of an offshore wind farm since
2006.

The wind farm siting assessment identified 8
short-listed sites. Among these short-listed sites,
the most preferable site is located at about 4km
southwest of Lamma Island as it has the least
overall environmental impacts. There are also
other technical merits of the southwest Lamma
site, including shallower water depth and shorter
transmission cable linking to Lamma Power
Station compared with other potential sites on
the eastern waters of Hong Kong. In addition,
more convenient Jogistic and land supports can
be offered from the existing Lamma Power
Station for temporary storage and pre-assembly
of large wind turbine components during
construction phase of the project, as well as
other resource supports during operational phase.

Figure 2 Potential Offshore Wind Farm Sites

3.  ENVIRONMENTAL IMPACT
ASSESSMENT

Detailed EIA study on Southwest Lamma Site
commenced in mid 2008. It covered impacts on
water quality, terrestrial ecology, marine ecology,
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landscape & visual, fisheries and other aspects.
The EIA report has envisaged no significant
adverse impacts on the environment, especially
on water quality and fishery, associated with the
wind farm construction and operation. The wind
turbine foundation will altogether take up 0.16
hectare of Hong Kong waters. The report has
also revealed that loss of fishery operation habitat
will be less than 1% of Hong Kong waters even
if fishing is prohibited within the whole wind
farm area. A string of mitigation measures has
been proposed to further minimize any potential
disturbance to the environment, particularly on
the marine mammals and avifauna species,
including:-

* Restrict the speed of working vessels;

* Use quieter hydraulic tools for foundation
work;

» Establish an exclusion zone of 500m radius
around the work area and scan the zone for
at least 30 minutes prior to piling to ensure
clearance of marine mammals.

The EIA report was approved on 14 May 2010
and HK Electric was granted an Environment
Permit on 8 June 2010.

Apart from the EIA study, HK Electric has also
engaged various consultants to look into the
technical feasibility of the project, including
verification of wind resources by computer
simulations, technology review on the wind
turbine models, design options of the wind
monitoring station, impact on grid stability, as
well as potential marine navigation and aviation
impacts. Close contacts with major suppliers
in the market and the offshore marine specialists
have been maintained to explore the most
practical solutions for tackling all the challenges
associated with the project. Every detail is
carefully studied and optimized, ensuring the
success of the project. These efforts will help
draw up clearer criteria and direction for selecting
suitable key components including type of wind
turbine foundation, size and class of wind
turbines, as well as location and configuration
of the substation.
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GENERAL INFORMATION OF
WIND FARM

The planned capacity of the offshore wind farm
is about 100MW comprising 28 to 35 sets of 2.3
to 3.6MW class wind turbines which will be
linked up by cables to an offshore or onshore
substation where the output voltage will be
stepped up for connecting to HK Electric’s
switching station in Lamma Power Station. The
site boundary of the wind farm occupies an area
of about 600 hectares and the water depth ranges
between 17 and 23m. The preliminary layout is
shown in Figure 3.

Figure 3 Proposed Southwest Lamma
Offshore Wind Farm

Table 1

General Information of Offshore
Wind Farm

WIND TURBINE MODELS

Offshore wind turbines with capacities in the
range of 2.3MW to 3.6MW are considered in
EIA study as they have been widely installed in
Europe. IEC Class 1 wind turbine models will
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Table 2

Supplier

be adopted to withstand typhoon condition with
a maximum gust of 70m/s. Available models in
the market include Vestas V90-3.0, V112-3.0,
Siemens SWT-2.3-82, SWT-3.6-107 and SWT-
3.6-120, GE 4.1-113 and Sinovel SL3000.

Wind Turbine Models Commonly
Available in the Market

Model Capacity (MW) RotorDia (m) | 'Cut-in/ Cutiout/
Rated Wind: Speed

(ny/s)

Siemens

Sinovel

&

6.1

=

i
b
1

GENERATOR DESIGNS FOR
WIND TURBINES

Three most common designs of electrical
generator adopted by various wind turbine
models are as follows:

DOUBLY FED INDUCTION GENERATOR
(DFIG)

DFIG has been the conventional approach for
multi-megawatt wind turbine generator design.
Vestas V90-3.0 is a typical DFIG machine which
employs a traditional multi-stage step-up gearbox
in conjunction with a DFIG. In this type of wind
turbine generator, the generator stator is directly
connected to the grid whereas the rotor is
connected to a power electronic converter. The
power converter controls the rotor frequency
and thus the rotor speed which in turn controls
the torque on the gearbox. Rather than operating
at fixed speeds, variable speeds over a prescribed
range are made possible. One of the main
advantages of DFIGs is that they work with a
smaller converter, typically sized at 30% of full
rated power. Smaller converters mean less losses,
and lower costs in components. However, a
major downside of DFIG is its limited ability
to fulfill the latest or upcoming grid connection
codes. In addition, DFIG efficiency drops at
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speeds below nominal because the rotor draws
active power. This limits useful speed range and
becomes significant with recent trend to operate
turbines at lower wind speeds.

Figure 4 Schematic Diagram of DFIG
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6.2 SQUIRREL CAGE INDUCTION
GENERATOR (SCIG)

An example of wind turbine models employing
SCIG is Siemens SWT-3.6-107. SCIG requires
a full power converter. Being fully disconnected
from the grid allows a greater speed range for
SCIG than that of DFIG, and also enables
complete control of active and reactive power.
More losses occur through the power converters
which operate at 100% of rated capacity, and
thus more cost is involved.

Figure 5 Schematic Diagram of SCIG
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6.3 PERMANENT MAGNET GENERATOR
(PMG)

In this type of wind turbine generator, permanent
magnets are placed on the rotor to create
excitation which is a major factor in delivering
greater efficiency, as this design virtually
eliminates rotor losses. By driving the generator
with an optimal power factor using PMG
technology, stator-side losses are also minimized.
PMGs do not require separate excitation systems,
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thereby reducing cost, simplifying the system,
and improving system efficiency. Further, no
slip rings are used, which greatly reduces
maintenance needs. By allowing a wide range
of speeds, the drive train can run at the optimized
operation point for the turbine. Control is based
on the optimum turbine curve and is not limited
by the drive train, thereby providing better partial
load rates. Unlike Vestas V90-3.0 that adopts
DFIG, the larger rotor version of Vestas V112-
3.0 is a PMG machine with a full power scale
converter and gearbox. On the other hand, GE
4.1-113 is a Direct Drive PMG machine without
a gearbox. In general, Direct Drive PMGs have
minimal wearing parts, making them more
reliable. It is noted that GE will launch its first
prototype of GE 4.1-113 by end 2011 and the
product line will only be commercially available
in the latter half of 2012.

Figure 6 Schematic Diagram of Direct Drive
PMG
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There is an increasing trend of moving towards
generator with full power converter for better
grid support capabilities. Direct drive generator
is also receiving more attention for application
in offshore wind turbines in the near future.

7. FOUNDATION DESIGN

Different types of foundation design, viz:
monopile, tripod, gravity base and suction caisson
foundations have been considered. Monopile
foundation of 5-7m diameter is adopted in various
offshore wind farm projects in Europe and the
associated construction time is short. Piling of
30 wind turbines can be completed in about 4
months time.



Development of An Offshore Wind Farm in Hong Kong

WIND TURBINE INSTALLATION

The turbine components will be delivered to the
quayside at Lamma Power Station Extension
with a lay down area located adjacent to the
quay for pre-assembly. Once assembled, the
turbine components will be transferred to an
installation vessel for the subsequent on-site
erection works.

WIND MONITORING

To facilitate detailed engineering design and
wind farm optimization, HK Electric is setting
up a wind monitoring station at the wind farm
site to collect one-year meteorological and
oceanographic data that are necessary for detailed
design of the wind farm. The wind monitoring
campaign is expected to commence towards the
end of 2011. The station will be in the form of
a Light Detection & Ranging (LIDAR) system,
which makes use of the Doppler shift of a laser
beam scattered by microscopic airborne
particulates to measure the wind speed. The
LIDAR system in now receiving more attention
from developers and consultants in the field in
recent years as it has several technical advantages
when compared with the tower structure wind
monitoring mast, including:

¢ Capturing meteorological data by measuring
the Doppler shift of the laser beam scattered
by microscopic airborne particulates.

Figure 7 LIDAR Technology
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¢ High portability suitable for adopting as
temporary installation for 1-year wind
monitoring.

* Design requirement for temporary foundation
platform will be far less stringent, hence
substantial reduction in foundation cost.

Figure 8§ LIDAR System on Offshore
Platform

10.

The wind monitoring station will be powered
by renewable energy installations comprising
three sets of small wind turbine and fourteen
pieces of solar PV panels with a diesel generator
as back-up supply. Safety facilities including
marine navigation lights, fog horn, remote
surveillance, aviation lights, aviation marking
and radar reflector will be provided.

STUDY ON GRID STABILITY

As high wind farm output and low electricity
demand is expected in winter time with North-
East monsoon wind prevailing, a study has been
conducted to carry out computer modeling for
the impact of the 100MW offshore wind farm
on HK Electric’s power grid system.

The study covers the following tasks:

* Review of wind farm impacts on the power
grid;

» Forecasting of wind power generation of
wind farm,;
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e Analysis of the wind farm seasonal and daily
power output characteristics and the
correlation between wind farm power
variation and system load demand variation;

* Analysis of wind farm power output and its
impact on power generation scheduling and
dispatch;

¢ Analysis of maximum step changes in power
output of wind farm and its impact on the
power grid;

* Analysis of reactive power and voltage
control required for the integration of the
wind farm in the power grid;

e Analysis of wind farm short-circuits
contribution and transient stability on the
power grid,;

* Analysis of power quality issues caused by
the integration of the wind farm to the power
grid; and

¢ Recommendation of mitigation measures to
cope with the operational and grid connected
issues with the integration of wind farm in
the power grid.

Figure 8 shows the two scenarios on large wind
power variations during the peak and valley load
periods in the HK Electric’s power grid system.
It can be seen in the figure that wind is out of
phase with load during the morning rise in
summer and midnight drop in winter.

Figure 9 Wind Farm Qutput Vs System Load
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The primary finding of the study is that due to
its erratic nature wind power imposes challenges
to power system operation and planning. The
fluctuating nature and the uncertainty associated
with predicting wind farm output levels result
in an increase in overall system variability as
measured by the net load. In response to these
increased operational challenges, review on
operational practices is being carried out.

When large variations in wind power are
encountered in real time dispatch, wind
generation outputs can be controlled through
options such as ramping rate limitation on how
fast the output of a wind farm can change or by
limiting the total output of wind farm. Energy
storage facilities can also provide a number of
benefits that will help leveling the mismatch
between wind farm output and the daily load
pattern of the system. Some energy storage
technologies can provide regulation services,
contingency reserves, and reactive power for
voltage support. However, in view of the very
limited availability of cost-effective energy
storage options in Hong Kong, further work
would be required to study the measured site
specific data to ascertain changes in wind speed
across the wind farm site.

STAKEHOLDER ENGAGEMENT

Stakeholder engagement is essential towards
successful project development. As is the case
for other offshore wind farm projects in Europe,



Development of An Offshore Wind Farm in Hong Kong

11.1

development of the proposed offshore wind farm
project in Hong Kong requires extensive
consultation and engagement with stakeholders.
Pursuant to conditions of the Environmental
Permit, HK Electric has set up a Stakeholder
Liaison Group, and a Fisheries Review and
Consultation Programme to solicit views from
relevant stakeholders and the fishery sector in
relation to development of the proposed offshore
wind farm project.

STAKEHOLDER LIAISON GROUP (SLG)

The purpose of setting up the SL.G is to establish
communication between the project proponent
and relevant stakeholders. A total of 15 SLG
members comprising representatives from the
academia, green groups, local community groups
and fishery sector have been engaged aiming to
solicit their views and suggestions towards
successful development of the project throughout
the design, construction and operation phases.

The SLG was established in the end of 2010
with the inaugural meeting held on 20 January
2011. SLG meetings are to be convened on a
half yearly basis and the 2nd SLG meeting was
held on 2 August 2011.

Figure 10 SLG Meeting

11.2 FISHERIES REVIEW AND

CONSULTATION PROGRAMME (FRCP)

A committee for the FRCP comprising 21
representatives nominated from various
fishermen organizations has been set up with
the inaugural meeting held on 3 May 2011. The
objective of the FRCP is to review in consultation

with the fishery sector the feasibility of opening
up the wind farm for fishing activities and to
explore measures to enhance fishery resources
within the wind farm waters. Representatives
from the Agriculture, Fisheries and Conservation
Department, Environmental Protection
Department and Marine Department have also
been invited to join the Fisheries Review and
Consultation Committee (FRCC) meetings.

Two specific task groups on Artificial Reef and
Fishery Operations have been set up under the
FRCC to come up with proposals for further
discussion at the FRCC meetings.

Figure 11 FRCP Meeting

12.

13.

ENVIRONMENTAL BENEFITS

The estimated annual generation from the wind
farm is about 170GWh accounting for about
1.6% of the total generation of HK Electric
system in 2010, which is adequate for
consumption of 50,000 Hong Kong families. It
can supplant the use of around 62,000 tonnes
of coal per annum, hence a reduction of 150,000
tonnes of carbon dioxide.

The wind farm is planned to be commissioned
by the end of 2015 and will contribute to a
greener Hong Kong throughout its operating life
of 25 years.

CONCLUDING REMARKS

For the past few years, HK Electric has put in
great engineering efforts and resources to develop
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renewable energy projects in support of
government’s sustainable development policy
while fulfilling its commitment to helping combat
climate change and improving air quality in
Hong Kong.

Following the introduction of the first wind
turbine of 800kW capacity on Lamma Island as
a demonstration project, HK Electric has been
embarking on developing a I00MW offshore
wind farm at a potential site about 4km southwest
of Lamma, targeting for operation by the latter
half of 2015.

Apart from harnessing wind energy, HK Electric
also explores solar power generation. The
successful commissioning of the largest solar
PV system (550kW) at Lamma Power Station
in June 2010 marks another milestone for HK
Electric in developing renewable energy (RE)
for power generation in Hong Kong. HK Electric
is also planning to install more of the PV panels
in Lamma, aiming at achieving a total capacity
of the solar power system of up to IMW in 2012.

HK Electric will continue its efforts in exploring
more opportunities of renewable energy
applications for power generation in Hong Kong.
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