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ABSTRACT

The power industry is confronted with the urgency of
climate change, environmental concerns and
regulatory pressure to move towards a low carbon
environment. In the face of these emerging issues,
utilities are turning to clean energy and technological
innovations to lower carbon emissions. This paper
presents a power utility’s experience in developing a
technology roadmap for the transition to a low carbon
electric system. As the issuve of climate change does
not have a silver bullet solution, a portfolic approach
was used to identify a range of key technologies to
achieve low carbon energy. The specirum of
technologies includes renewable energy resources,
carbon capture and storage, as well as green and
innovative energy services.

1. INTRODUCTION

The environmental challenges faced by today’s
power industry are quite daunting. The issue of
climate change in particular requires that the
industry respond quickly to avoid irreversible
impact. There are few existing solutions but a
range of new technological solutions are
emerging in the horizon. In order to deploy the
technologies effectively to address climate
change, technology planning is critical. One
tool for technology planning is a technology
roadmap "1. This paper offers a look at how
one utility develops a technology roadmap to
strategize its approach for addressing climate
change.

2.

WHAT IS A TECHNOLOGY
ROADMAP?

A technology roadmap is a tool used to identify
the critical technologies necessary for meeting
specific objectives. Such a roadmap can have
ditferent applications under various settings.
An industry may use a technology roadmap to
identify and address technology challenges for
the future development of the sector. A
company may use a technology roadmap to
establish the framework for developing a
particular new product.

Some examples of technology roadmaps used
in the energy sector include those developed by
Electricite de France (EDF) and Continental
Automated Buildings Association (CABA).
EDF R&D through its Demand Response
Technology Roadmap identified the controls,
internet standards, and tariff structures that will
help the development of demand response and
smart homes ¥, The CABA technology
roadmap describes the current and evolving
intelligent building technologies, such as
intelligent lighting, voice and data
communications, and energy management
systems. CABA also uses its technology
roadmap to recommend actions for the boilding
industry to promote the application of
intelligent building technologies 1.

Although there is no standard structure for the
technology roadmap process, the development
of a roadmap typically begins with a vision of a
future scenario, challenge, or issue that can not
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3.2,

be addressed with existing technologies. Then
the technologies that are essential to closing the
gap between now and the future are identified
and prioritised. In other words, a technology
roadmap is a strategic approach towards a
future objective.

EXPERIENCE OF
DEVELOPING A UTILITY’s
TECHNOLOGY ROADMAP

OBJECTIVE

Power utilities worldwide are facing the issue
of climate change. One approach to addressing
this issue is by developing a technology
roadmap that identifies the technologies
needed for transforming a largely conventional
fuel portfolio to one that uses low-carbon
technologies.

As a major power wtility operating throughout
the Asia-Pacific region, CLP has set aggressive
carbon emissions intensity reductions target
through its Climate Vision 2050 initiative ™.
Through the initiative, the company committed
ta a 73% reduction in carbon intensity relative
to year 2007 emissions. The company
developed a technology roadmap that outlines
the key technologies that will be important for
transforming to a low-carbon portfolio. This
paper shares the experience of developing such
a roadmap.

METHODOLOGY

The development process began with the
identification of a broad range of technologies
that can potentially impact the power industry.
These identified technologies became the basis
of the Technology Atlas; that is all those
innovations which should be monitored for
developments.

While a spectrum of potential challenges
facing the power industry was considered,
climate change was one of the significant
issues that called for a targeted low-carbon
technology roadmap. Selective innovations
from the Technology Atlas that can
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sigmficantly mitigate the climate change
chalienge from a utility standpoint were
integrated into the low-carbon technology
roadmap.

As a first step to identifying and prioritizing the
technologies and innovations that could
potentially impact the power industry, we took
the “universe” of technologies and put it
through a screen to identify which ones would
be best suited to meet the company’s needs.
Key criteria that were considered included the
following:

* Time to commercialization
» Potential for market transformation
» Potential for strategic value to the company

We scored 80 technologies in all, based on a
scoring system that defined how each
technology would be scored and ranked with
the goal being to identify the key technologies
that most likely contribute to solving the
challenges set out by the company.

Thirty-six technologies were short-listed from
an original list of 8). We developed profiles of
each of these technologies. After gaining
insights and a deeper undersianding of the
potential of the different technologies from this
exercise, we then conducted another screen to
find out the iechnologies that were really going
to be the critical ones in the roadmap.
Following that selection we developed reports
one level of detail greater than the prior reports.

While the mechanics of the scoring and ranking
ended up being a relatively straightforward
exercise, the insights gained from the research
on the potential impact of the different
technologies was considerable. The scope of
the researched topics is described in the
subsequent section.

SCOPE

Extensive research was conducted for each
technology and innovation identified as having
significant potential impact on the power
industry. To help us better understand the
development ot the technologies, we analyzed
factors ranging from market drivers to



A Technology Roadmap Towards a Low Carbon Electric System — A Utility’s Experience Sharing

331

3.3.2

333

development enablers and barriers. The scope
of analysis for each technology and innovation
are described below.

DRIVERS

These are the main drivers of developing and
utilizing such a technology. For example, the
drivers of smart grids would include
preventing blackout, accommodating
widespread deployment of intermittent
distributed energy resources, growing needs to
engage and accommodate customer-side
interactions, requiring high efficiency,
reliability and power quality for the digital age,
climate-change and long-term business
competitiveness considerations 134,

POTENTIAL FOR MARKET
TRANSFORMATION

Each technology included in the Atlas must
have a certain level of potential to transform
the industry. By means of transformation, we
mean the new technology could do at least one
or more of the following: 1) Add new value(s)
to the customers/service provider; 2) Enable
the conducting conventional business in a
substantially more effective and efficient way;
3) Reduce the cost of the product/service
significantly; and 4) Reduce the impact to the
environment at an affordable cost. In fact, we
realize different technologies could offer
different types of transformation with different
level of impact. Therefore, this section is to
highlight the condition and reasons how a
technology could transform the industry. We
also assigned a High/Medium/Low to gauge
the impact. For instance, hydrogen-based
applications are still being developed
currently. When hydrogen is produced by
electrolysis, the low energy conversion
efficiency is an obstacle. When hydrogen is
used in stationary fuel cells for electricity
generation, the high cost of fuel cells also
remains a challenge. As such, the hydrogen
technology is considered as Low at the
moment 7,

ECONOMICS

This is the cconomic overview/assessment of a

334

335

technology. We examine the cost and benefit of
how the new technology can either replace or
add to the existing market. It includes the cost
trends and some projection if available. It is
understood that zll technologies we examine
are not in a wide-spread deployment phase
hence the detailed economic analysis are not
necessary complete. However, we would try to
use the most reliable and credible avthorities
such as International Energy Association
(IEA), povernment reportis and forecasts to
estimate the likely trends and future paths. For
example, New Building Commissioning is an
approach which can make a new building to
function efficiently and hence that could
reduce a lot of wasteful consumption/emission.
It was shown that in 2004, Lawrence Berkeley
National Laboratory in the US released an
analysis based on 20 years of data, that median
commissioning costs for new buildings was
US 351 per square foot {0.6 percent of total
construction costs), vielding a median payback
period of 4.8 years if the technology is used [,

ADVANTAGES AND
DISADVANTAGES

We use simple bullet form to highlight the pros
and cons of implementing such a technology/
innovation. For example, syrnchronous
condensers can provide dynamic voltage
support to uphold the system voltage and help
improve reliability and vulnerability.
However, its advantages and disadvantages
could include:

* Able to cushion the effect of abrupt changes
in gnd system conditions

* Does not produce harmonic current that
disturbs system performance

= Long lifespan, given proper maintenance
* Restrictions on deployment site locations
* Bulky, noisy and heavy hardware

+ Sensitive to moisture, chemical
contamination and dirt

ENABLERS AND BARRIERS

Wide-spread adaptation of a technology in any
industry or the rejection of it does not merely
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depend on cost alone. The enablers and
barriers here provide some other technical and
non-technical considerations which can make
or break the taking-off of a technology. Quite
often, the regulatory environment and market
competition will play a key role in this. For
example, for geothermal generation, these are
the enables and barriers:

* Policies promoting use of renewable energy

*  Government grants of exploration licenses
and development rights

*  Advancement in rock drilling technology

¢ Permitting, legal, and environmental issues
of enhanced geothermal systems (EGS)
development

+ High capital cost for EGS relative to natural
gas plant

» Mismatch between geothermal sources and
load centres

ALTERNATIVE/COMPETING
TECHNOLOGIES

For considering a technology, we would also
look at the alternatives and competing
products. This is a different dimension from the
cost as some technologies may offer multiple
values to the customers/service providers and
subsequently beating out the lower cost option.

For example, for flue gas desulphurization, the
alternatives include burning low-sulfur coal
and using multi-pollutant controls in power
plants.

HOW IT WORKS

We consider it very important to establish an
accurate and comprehensive understanding of
the technology. Due to the rapidly changing
technological development and proprietary
issues, the description of each technology will
give a snapshot of the key components or
support needed to make the technology
function and integrate with the rest. Here we
provide an example description for heat pump
water heater (HPWH):

+  HPWH transfer heat from the surroundings
into the water tank. HPWH use electrically
driven compressors to drive a vapour

SIEMENS

compression cycle using conventional
refrigerant as the working fluid. Newer
HPWH use CO2 as the working flnid to
achieve higher water temperatures. In
indoor applications HPWH have a cooling
effect that may be beneficial in warm
climates.

3.3.8 TECHNOLOGY STATUS

We use a graphical depiction similar to
Figure 1 to summarize the current stage of the
technology. Typically, there are four stages: 1)
R&D phase - meaning the technology is in
early stage of development which focus on
basic and application resecarch;, 2)
Demaonstraiion phase - the technology is
deployed for first commercial-scale
applications; 3) Deployment phase - the
technology is being wide-spread deployed
andfor in large-scale application; and
4y Commercialization phase - the technology is
available on the market but may be still
expensive in comparison to conventional or
alternative technologies.

Figurel Example Technology Status
Timeline

R&D fFundamental Research
E—

Demonstration Prlot Demanstrations

—-

Deployment Large-scala epplications
e

Avadabity of commercialiy-viable products

it SRl

2004 2010 2015 2020 2025

3.3.9 R&D ORBJECTIVES

We propose or highlight some of the R&D
needs and trends within the industry as well as
in the academics. It also serves to illustrate
where some of the weak links are in the new
technology. For instance, the followings are the
R&D objective for smart appliances:

« Incorporate price signal reception
capabilities into the system design

+ Develop inexpensive technological
solutions for retrofitting existing homes

* Integrate with other aspects of home
automation systems (e.g., communications,
entertainment, and security)



A Technology Roadmap Towards a Low Carbon Electric System — A Utility’s Experience Shating

3.3.10 KEY DEVELOPMENTS/

DEMONSTRATIONS

In this section, we collect and summarize the
key demonstration projects and/or product
developments for the specific technology. As
these demos and projects/programs have a
wide variety, it may be best to illustrate with an
example like in the solid-state lighting
technology:

* In August 2008, the Summer Olympics in
Beijing adopted LED lighting technology
with the budget of about RMB¥ (.5 billion
and the estimated electricity savings of
some 750MWh per year. The “Bird’s Nest”
featured LED-lit signage and energy
efficient lighting from various vendors. The
“Water Cube” featured approximately
440,000 AAA XLamp LEDs embedded in
the facade and structure of the building.
BBB provided CFL, LED and solar-
powered LED streetlamps for use on
Olympic Buildings and around venues %,

3.3.11 KEY DEVELOPERS/RESEARCH

ORGANISATIONS

This section includes the information of
prominent/major entities who are either the
technology provider, utility off-taker and/or
developer; the location and commission date,
capacity and application type.

3.3.12 POTENTIAL STRATEGIC VALUE TO

3.4

THE COMPANY

Finally, but not least, we conclude whether
each of the technologies will be strategically
important to the business, mainly from the
perspectives of the maturity of the technology
and its applicability.

TECHNOLOGY ATLAS

Given the above mentioned scope and criteria,
we collect, review and analyze a broad range of
technologies covering generation, delivery,
emission control, operation and maintenance,
environmental, storage, power electronics,
energy efficiency, end-use, transportation and
others. For each of the technology, we classify
them into Research & Development,
Demonstration or Commercialization stage and

then project the time duration for the
development of each of these stages for the
specified technology. At the end, a technology
atlas similar to Figure 2 is obtained.

Figure 2 Technology Atlas of Different
Technologies

3.5

From the Atlas, we can have a global view on
which technology is closer in range to become
commercially available and likely be
competitive. In addition, we may also observe
the likely relationships among the technologies
{whether they are complementary or
competitive to each other).

TECHNOLOGY ROADMAP

Based on the analysis conducted for the
Technology Atlas, we examined the
technologies and innovations that can
significantly reduce carbon emissions and
integrated these into the low-carbon
technology roadmap. The low-carbon
technology roadmap includes technology
categories such as renewable energy and green
energy and services.

The technology roadmap we have developed so
far is high level and in broad terms. More
efforts and works are necessary for detailed
maps of those identified technology groups.
Moreover, the technology roadmap itself and
the preparation process have laid down a
platform to facilitate on-going communication,
engagement and consideration of technological
matters at corporate levels.

In general, when developing a technology

roadmap for individual organisations, each
entity will need to consider its own relevant
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factors for evaluating the applicability of
different technologies. Each organisation will
also need to determine the suitable approach
for managing technologies at different
development stages. As technology
development is rapid with many uncertainties,
the roadmap will have to be updated and
modified periodicially based on the latest
regulatory, market and technology
environment.

CLOSING REMARKS

A technology roadmap is a useful tool for
addressing large-scale challenges, such as
climate change, that do not have a silver bullet
solution. The approach presented in this paper
is one example of the technology roadmap
development process. Each organization will
need to determine the technology types that are
most applicable to it, such as the maturity of
technology and the associated risks. Lastly,
developing a technology roadmap is not a one-
time process but rather a process that should be
revisited periodically.

ACKNOWLEDGEMENT

The authors would like to express their
gratitude to CLP’s management in supporting
this work, particularly Dr. Gail Kendall who
provided the initiative and continuous guidance
along the entire project. Dr. Kendall retired
from CLP in 2008.

REFERENCE

[11 CLP, CLP Technology Roadmap - transforming

2]

the portfolio through innovation, published in
November 2008 hitps://www .clpgroup.com/Abt/
Res/Pub/CLPGroup/Pages/CLPTechnology
Roadmap.aspx

EDF R&D, Demand Response Technology
Roadmap, 1etrieved on 10 August 2009 from

SIEMENS

1.6-

[3]

(4]

[5]

(6]

(71

(8]

http://rd.edf com/fichiers/fckeditor/File/

Dherbecourt-Technology Roadmap DR 28th
May 2009 V1 1.pdf

Continental Automated Buildings Association,
Technology Roadmap for Intelligent Buildings,
retrieved on 10 August 2009 from http/www,

caba.org/trm

CLP, CLP’s Climate Vision 2050 - Our
Manifesio on Climate Change, retrieved on 10
August 2009 from https://www.clpgroup.com/
Abt/Res/Pub/CLPGrounp/Documents/
CLP s%20Climate %20Vision%202050.pdf

US Department of Energy (DOE) Smart Grid
website, retrieved on 9 December 2009, from
http://www.oe.energy.gov/smartgrid.htm

Smartgrid website, retrieved on 10 December
2008, from hitp://fwww.smartgrids.cu/
documents/sra/sra finalversion.pdf

IEA, Energy Techrology Esseniials - Hydrogen
Production & Distribution, retrieved on 9
December 2009, from www.iea.org/Textbase/

techno/essentials5.pdf

Bourassa, Norman et al., A Meta - Analysis of
Energy and Non - Energy Impacts in Existing
Buildings and New Construction in the United
States, retrieved August 1, 2007, from http://eetd.
Ibl.gov/emills/PUBS/PDF/Cx - Costs - Benefits.

pdf




Paper No. 2

GREEN TECHNOLOGY APPLICATIONS
TO COMBAT CLIMATE CHANGE
- AN ELECTRICAL ENGINEERING PERSPECTIVE

Speaker : Ir Dr F.C. Chan
General Manager
CLP Engineering Ltd.



GREEN TECHNOLOGY APPLICATIONS
TO COMBAT CLIMATE CHANGE
- AN ELECTRICAL ENGINEERING PERSPECTIVE

Ir Dr F.C. Chan
General Manager

CLP Engineering Lxd.

ABSTRACT

This paper examines various green technologies that
we can adopt to combat with the climate change. By
enhancing energy efficiency and ‘do more with less” a
better utilization of energy can be achieved. In this
paper, the focus on green technology is mainly related
to the equipment in the elecirical engineering areas for
end-user applications. These technologies include
lighting, heat pumps, control system, induction
cooking, motoring and small scale renewable. Their
anticipated energy saving potential is also reviewed.
To have a systematic approach, energy and carbon
audits is the first step to identify improvement areas.
Once these improvement areas can be identified,
implementation considerations can then be followed.
Finally, the effectiveness of each of these technologies
can be further reviewed.

1. INTRODUCTION

Green technology is the applied science and
engineering to conserve the natural
envirenment and resources to enable a
sustainable future. In applying green
technology as a solution, it should be
economically viable and environmentally
sound. For the preservation of the
environment, there are two approaches:

(a) in the energy saving journey, there are two
ways: ‘don't waste when not in use’ and ‘do
more with less’. In both of these cases,
energy efficiency and energy utilizaticon
effectiveness can be achieved.

(b)in the renewable energy aspect, ‘free
energy’ could be obtained. However, this
normally involves capital investment which
may not have a short payback period.

2.1 -

21

Before considering any green technologies, it is
essential to carry out energy and carbon audits
so that we know where we are. By establishing
a baseline, we can then identify improvement
opportunities and hence the required
applications for better energy utilization.

ENERGY AND CARBON
AUDITS

ENERGY AUDIT

Energy audit is an examination of an energy
consuming equipment/system to ensure that
energy is being used efficiently. It looks for
Energy Management Opportunities (EMOs)
for improvement. There are two types of
energy audit: Walkthrough Energy Audit and
Detailed Energy Audit, varying by the breath
and depth of the examination!". Walkthrough
Energy Audit is like a general health check to
review the general conditions of the energy
equipment/system, operation and maintenance
practices, identify and prioritise these EMO
and make coarse estimate of the benefit and
cost of its implementation. Detailed Energy
Audit is carried out on specific equipment or
system focusing on its energy efficiency
performance. The more complex and high-
henefit-high-cost EMOs identified from
walkthrough energy audit can be further
examined and assessed in the detailed energy
audit. This detailed energy audit is fo
understand the uniqueness and characteristics
of the building and its system usages. Detailed
analysis of historical system operating data and
comprehensive field measurement on related
energy efficiency performance are required.
As the term ‘Energy Audit’ has been vaguely
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used, a more specific term ‘Energy Efficiency
Assessment’ is proposed to give a more
specific focus.

CARBON AUDIT

Carbon audit is a means of measuring and
recording the organization’s emissions of
greenhouse gases (GHG) - notably the carbon
dioxide CO; (or the greenhouse gas’s CO,
equivalents). It is essential that if we want to
reduce CO;, we must establish a baseline to
measure and hence control. The procedure to
carry out carbon audit can follow the guidelines
issued by the EMSD of the HKSAR
Government to account for and report on GHG
Emission and Removals for Buildings
(Commercial, Residential or Institutional
Purpose) 2.

Carbon audit starts by determining the physical
boundaries of the concerned building where the
organization is situated. Following that, the
operational boundaries are alse determined
based on the organization’s operational
activities. These boundaries defined the area
where relevant data can be collected, for
cxample, lighting, air-conditioning,
machinery. office equipment, industrial
processes, fuel used, waster disposal etc.
Under the guidelines, GHG emissions are
categorized under three different scopes.

Scope | is fo deal with the direct emission from
sources and the removals by sinks. These
include: Combustion of fuels in stationary
sources, Combustion of fuels in mobile
sources, Fugitive emissions and Removals of
greenhouse gas. Scope 2 covers indirect
emissions when using energy sources from
electricity or gas. Scope 3 covers indirect
emissions for those activities the organization
required to conduct their business. Scope 3
activities may be implicit in nature and some
quantification tables are required in order to
calculate its emission equivalent. Other
common activities under Scope 3 include:
Transportation of purchased goods and
materials, Employee travels, and Qutsourcing.

After collecting all relevant data based on the
defined scope 1 to 3 elements, the GHG
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emission quantity can be calculated with
relevant to some published conversion factors.
As data collection process might be carried out
by a number of parties, it is essential to validate
such data and hence their meanings so derived.
After calculating the emission quantity, the
gualified engineer is to prepare the report
which also includes an appropriate carbon
reduction plan to improve and reduce the
organization existing carbon emission. Itisa
great challenge for conducting the first carbon
audit and setting out the associated reduction
plan.

After carrying out energy and carbon audits, a
list of potential improvement areas can be
identified, Based on the audit results, we can
prioritize the items for enhancement. These
improvement areas normally include the
following systern and equipment: lighting,
mechanical ventilation and air conditioning,
lifts and escalators, water and space heating,
cooking, control and energy management
systems, building design and finally, renewable
energy installation.

GREEN TECHNOLOGY
APPLICATIONS

Green technology is the application of the
environmental science to conserve the natural
environment and rescurces, and to curb the
negative impacts of human involvement.
In 2008 Chief Executive Policy Address,
Clause 95 stated that “We will make early
preparalions to meet the challenge of climate
change. In Particular, we will enhance energy
efficiency, use clean fuels, rely less on fossil
fuel and promote a low carbon economy - an
economy based on low energy consumption
and low pollution.” Tt is therefore essential that
we need to look for product and technology
with better efficiency and lower carbon
emission. The following is a brief review of
various green technologies focusing on the
technology trend and energy saving potential.

LIGHTING

Lighting contributes quite a major portion of
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energy usage and is one of the areas where easy
energy reduction can be achieved. With the
advancement of LED technology in recent
years, the use of LED lamp becomes more
widespread and popular due to its long service
life (50,000 hours), versatile colour changing
ability and low power consumption (recently
up to 100 to 120 lumen per Watt). LED has no
filament or breakable glass bulb with very litde
heat generated. Owing to the very core
technology of the semiconductor chip is still
under 3 or 4 global companies’ control, the
price of LED is still high at the moment.
Nevertheless, with increasing popularity of
general lighting purpose application, more
players will enter into the manufacturing
market and eventually drive down the LED
price.

Lantern replacement by higher light output
ratio lighting fittings can be a straight forward
approach, particularly where incandescent
lamps replacement by high efficient lamp
sources in some countries are mandatory. With
the development LED technology which is the
future of lighting, complete replacement of
conventional lighting is not far away. Of
course, re-design the lighting provision based
on the LED characteristics may be required.
Care must be taken in the LED provision
because of its colour changing capabilities as
additional lighting might be provided to
demonstrate the vivid of a metropolitan city.

Yet, if replacement and maintenance cost is
included and disturbance to users is considered,
it is not difficult to get a payback period of less
than 2 years for some difficult access areas like
high ceiling. Besides, lighting control
technology has been growing rigorously these
few years with digital and addressable control,
wireless communication and built-in
occupancy sensor and controls. The role of
lighting control is getting more and more
important. The use of photo sensors and
programmable logic controllers can further
enhance the energy saving performance of
lighting system.

The potential energy savings under this
category include:
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* Compact Fluorescent Lamps to replace
incandescent lamps (save ~80%)

* Energy efficient fluorescent tubes
{electronic ballasts, TS5 tubes) to replace
electromagnetic ballasts & T8 tubes
(~30%)

» LED exit signs to replace conventional exit
signs that use fluorescent tubes (~80%)

« Coated reflector - achieving comparable
lighting level using specially coated
reflector but with less lamps (~30%,
depending on the number of lamps
removed.)

MECHANICAL VENTILATION &
AIR CONDITIONING (MVAC)

0Oil-free chillers with magnetic drive
compressor which could eliminate oil
contamination and minimize friction could
improve the Coefficient of Performance (COP)
from traditional figures of 5 ~ 6 to 10 ~ 12
under a partial load condition™. Besides,
variable speed chillers, predictive system curve
conirol for secondary pumps could also raise
the system COP significantly. Other new
technology on low pressure and temperature
cooling towers and thermal storage are now
available in the MVAC market. Besides,
chiller controls are now mature and can
effectively communicate with the Building
Maznagement System to enable snitable amount
of cooling capacity is being generated and
flown to the required with minimum energy
loss.

Energy evaluation by different energy models
also shows that the central seawater scheme
(seawater cooled) and cooling tower scheme
(fresh water cooled) are more energy efficient
than the conventional air-cooled air-
conditioning scheme. Of course, such increase
in the energy efficiency depends on the
building type, air-conditioning plant
configuration and piping layout. Water cooled
chillers can provide better efficiency than the
air-cooled ones. Fresh water cooling towers
can provide a more effective solution as using
copper tubes in the condenser can achieve a
higher efficiency. The use of variable speed
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drives in fans and pumps also enhance the
system efficiency.

The potential savings under this category are:

* Water-cooled chillers to replace air-cooled
chillers (save ~30%)

* Automatic tube cleaning system that keep
heat exchange surface in chiller efficient
heat transfer (10~15%)

* Variable speed fans and pumps (e.g.
Variable speed drive (VSD) for secondary
chilled water pumps, VSD for regulating
supply & exhaust air fans through detecting
Oz or CO concentration) (10~30%)

« Heat wheel to recapture energy from cooled
exhaust air stream to supply air stream
(Recover ~40% energy}

+ Proper air-balancing (ratio between exhaust
& make-up air) in kitchen to reduce cooled
air escape through kitchen exhaust (case
varies, depending on level of shortfall in
makeup air)

LIFTS AND ESCALATORS

The advancement in energy efficiency for lifts
and escalators is largely attributable to the
improvements in electric motor technology,
power electronics and intelligent control
system. The most commonly used induction
motors are now coupled with variable-voltage-
variable-frequency (VVVF) drives, allowing
the motors to operate at optimal efficiency at
different load and speed. Some newer designs
feature permanent magnet motors and
regeneration devices to reduce power
transmission losses and re-feed braking energy
into the electrical distribution network rather
than dissipated as heat.

Some forms of intelligent lift management
system would pool and analyze service
requests, then coordinate the lift movements so
that the requests could be met responsively
while minimizing energy consumption!. The
application of double-deck lifts is one example
to optimize traffic flow. Other intelligent
control system commonly found in escalator
applies proximity detectors at the entrance and
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exit points. It runs the unit only when it “sees”™
there are passengers to be served.

The potential savings under this category are:

* Variable voltage variable frequency drive
for regulating escalator’s motor torque and
speed at light load (save ~10%)

+ Intelligent detection system for escalator
{case varies, depending on utilization
pattern)

WATER AND SPACE HEATING

Heat pump technology has a very long history
of more than 100 years. In fact, the heat pump
cycle is exactly the same as the refrigeration
cycle except that the useful heat energy lies on
the condenser side. With the adoption of better
refrigerants, high efficiency heat pumps (COP
around 8} and high temperature heat pumps
{output water temperature up to 90°CH are
being developed for various applications.

Many commercial and industrial processes
demand hot water. Different kinds of energy
efficient water heating system exist. Apart
from the more common air-to-waler heat
pumps and water-to-water heat pumps, it is not
unusual to find many newer designs are
bundled with solar water heaters™ or designed
to extract heat from free energy sources like
waste heat of industrial processes or
condensing water of chillers. For the latter
case, it may even improve the chiller COP
because of the lowering of condensing water
temperature after heat extraction.

The potential savings under this category are:

* Heat pump water heaters to replace direct
heating electric or gas-fired boilers (save
~70%)

* Fuel-fired boiler air-fuel optimization
controller to ensure complete combustion
and minimizing heat loss caused by over
supply of air (~5%)

* Heat recovery device (optimizer) at flue gas
exhausi of fuel-fired boiler for process
water / process air pre-heating (~5%)
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INDUCTION COOKING

Electric induction heating technology is a
mature technology that has been around for
decades. But it was not until its broad
appearance in the domestic and commercial
cooking applications that its supreme energy
efficiency (>3 times) than fuel-Tired
technology is being publicly recognized.

Induction cooking equipment was first seen
with unit rating seldom exceeded SkW and all
were having flat ceramic glass cook-top. With
the advancement in material, power electronics
and manufacturing technologies, much higher
power rating (>33kW), stronger and curved
cook-top equipment appeared. The latter is a
particularly important development as using
curved wok is key to many traditional Chinese
cooking methods. Its presence removes a
barrier of switching electric induction cooking
amoengst Chinese chefs and thus, has led to a
significant amount of energy saving in the food
catering sector.

In terms of energy saving, electric induction
cooking is more efficient than the gas-fired
cooking, Electric induction cook-tops, woks
and stoves to replace equivalent gas-fired
equipment can save energy of some 60 to 80%,
In addition, a healthier, less hot and quieter
kitchen environment can be provided.

BUILDING ENERGY MANAGEMENT

Being a tool to achieve building energy saving,
the success of a Building Energy Management
System (BEMS) would rest on the availability,
adequacy and accuracy of the building
operating data and the intelligence of the
BEMS processing core.

On the data acquisition side, wireless
technologies have made it easier and more
cost-effective to establish two-way
communication between the BEMS core and
the services facilities, Wireless BEMS
are actually built on-top of well-
established wireless computer networking
and telecommunication protocols. These
networks have the intelligence to dynamically
alter their logical topology 1o assure reliable
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data communications.

At the processing core, some advanced BEMS
will have self-learning and predictive
capabilities. It will analyze historical facility
operating data, predict changes in operating
conditions, formulate the optimal responses
under various scenarios, and then issue control
commands to end facilities to meet various
control objectives such as minimizing overall
energy consumption over a period of time or
limiting the peak electricity demand at any
shorter interval.

A simple form of BEMS may have only
distributed hardware like timer switches,
occupancy sensors, photo sensors that keep air-
conditioning or lighting active only when
needed; and with hardware & software for
momnitoring and controlling of only the major
equipment. This simple BEMS is already
ready to deliver energy saving but the potential
would vary from case to case.

In the building design aspect, application of
solar film on windows or double glaze
windows to shield against incident heat from
incident sunlight but allow light to pass through
can save energy on air-conditioning. It is
estimated that some 70% of the heat can be
blocked. Green roof and green wall is another
approach where culturing plants at roof top to
reduce heat transmitted from roof”). The
effectiveness depends on building locality,
geomelry and orientation

RENEWABLE ENERGY

Renewable energy is normally sustainable and
energy efficient. Its viability depends on the
availability of the resources. In the case of
Hong Kong, solar and wind power are the two
maost popular renewable energy applications.

For solar energy, photovoltaic (PV) panels can
be installed on roof to transform solar energy
into electrical energy. The energy can be grid-
connected for other application usage. In
distributed renewable energy applications for
buildings, solar thermal technology is
customarily used for space and water heating
whereas solar PV for electricity generation.
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Instead of relying on solely solar energy for
water heating, hybrid system using heat pumps
and solar water heaters would be more
appropriate for typical buildings in HK. Like
serviced-apartments and hotels, where roof
space 1s limited but hot water demand is high,
running a solar thermal system as an assisting
unit to the main heat pump-based system could
be one of the most practical approach of
applying renewable energy in HK.

For the PV technology, the power density and
its conversion efficiency remain limited and
may take some years of development before it
can substitute purchased electricity to any
appreciable extent. Nonetheless, progresses in
crystalline silicon cell and wafer production
technologies have boosted the technical and
economical viability of Building Integrated PV
(BIPV) system.

Small scale wind turbines are also suitable for
building roof-type applications. Wind turbines
turns wind energy into electrical energy and
again connected back to the system for other
electrical appliances. Normally, the power
output is low and is suitable for light load
application such as lighting. A combination of
wind turbine and solar panels are common for
some outdoor lighting poles applications.

ELECTRIC VEHICLES

In a modern city, high rise building equipped
with high energy efficiency building and
transportation is essential for sustainable
development. Although the acceptance of full
battery powered electric vehicles (BEV) is
limited by the available battery energy density,
the development of the Hybrid Electric Vehicle
(HEV) taking the merits of the conventional
propulsion system with an electric propulsion
system are essential. It allows a longer driving
range and offers better fuel economy, e.g.
energy can be saved by regeneration during
braking and down slope driving. In battery
development, new energy storages using
Ni-MH, Li-ion batteries and ultra-capacitor are
being actively developed. Performance can be
further enhanced with the comhination of
Li-ion and ultra-capacitor with the ultra-
capacitor delivering an extra short time power

SIEMENS

26

for acceleration™. The deployment of electric
vehicles has to be supported by good charging
infrastructure and services. Charging can be
carried out by the following types: domestic
charging, commuter charging and public
charging. Electric vehicles are definitely an
area where low carbon economy will base upon,

ENERGY SAVING STRATEGY -
BASE LOAD APPROACH

For new buildings, there will be less technical
constraints on the choice of energy equipment
and therefore energy efficiency could be more
easily achieved. But for old buildings, adopting
new lechnology could be more costly as there
would be more system integration and
implementation issues to be resolved.

If both firancially and physical site conditions
allows for a complete system replacement, it is
always recommended to capture every energy
saving opportunities. However, if a full
replacement cannot be carried out, one could
go for partial implementation to achieve the
best savtag out of the available capital. This
approach is also known as “base load”
approach.

From energy audit, one should try to identify
the load pattern for heating, cooling and even
lighting systems. From the load pattern, “base
load” can be identified: for example, some
chiller plants still need to operate during night
time; some water heating equipment stilt need
to inject energy to maintain the water
temperature; some emergency lighting are
needed to operale on a 24-hour basis etc. These
“must use” loadings can be focused and hence
tailor-made energy saving solutions can be
developed for these equipments. As this ‘base
load’ is constant and predictable, it is therefore
possible to apply small scales energy efficient
techniques for the equipment to operate at the
most efficient settings for saving maximization.
By adopting this approach, although the capital
investment may be small, the achieved saving
could be significant.

One other important consideration in
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carrying out energy efficiency project is ils
expandability or extendibility. The need for
future expansion must be taken into account
during the design phase. After the first small
scale applications of the energy saving
equipment, it is important to allow for possible
future extension. For example, one can choose
some control sysiem with open protocol for
easy modifications. Additional new control
points must be capable of being added later
with simple programming works to expand the
control network. Wireless technologies such as
WiFi, Zigbee could be good solutions to reduce
the cabling costs during network extension or
retrofit to existing equipment where cabling
cannot be effectively carried out.

The HEKSAR Government has launched the
‘Energy Conservation Funding® scheme this
April to promote energy saving. Building
owners can make good use of this Fund to
facilitate their energy saving projects.

CONCLUSION

With the help of the Government and the
different learning societies (like HKIE) in
promoting energy and carbon audits, the
general public now knows more and more
where their energy and money goes. People
start to realize that there are many means to
help to reduce energy and hence their operating
expenses. Many companies are also aware of
the carbon emission and develop plans to
reduce their carbon emission. The green
technologies that described in this paper can
help to reduce carbon emission and it is not far
from our dream to significantly reduce carbon
emission. The ‘base load’ approach can
address some of the issue with insufficient
investment to replace old equipment. On the
other hand, these green technologies can help
to trigger behaviour change and form the green
culture to sustain our future.
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STATE-OF-THE-ART BATTERIES FOR ELECTRIC VEHICLE
AND INDUSTRIAL APPLICATIONS

Mr Kevin K.M. Yiu
Business Development Director
EVB Technology (HK} Limited

ABSTRACT

Electric vehicles have been around since the
introduciion of auiomobile. For many years, lead-acid
batteries had been the choice due to availability,
technology and cost. Since 1990 the industry began
seeking advanced battery solutions to satisfy the
market needs for a compact, reliable, powerful and
light-weight alternative to traditional flooded lead-
acid batleries. During this time, Gold Peak began
Investigating various battery technologies, and
decided to develop heavy-duty prismatic battertes for
electric vehicle and industrial applications. In 1993,
with a NiMH licensing agreement from Ovonic/ECD,
we began manufacturing our first Nickel Metal
Hydride (NiMH) bhatteries for electric vehicles.

Gold Peak (GP Batleries) manufactures a wide range
of battery cells and battery systems for many
consumer and industrial applications. Our product
range includes small consumer type batteries in
various chemistries and sizes; from small primary
silver-oxide bugton cells to primary lithium, alkaline
and carbon zine cylindrical and 9V cells. Our
rechargeable battery cells include button, cylindrical,
polymer and prismatic formats in the following
chemistries: NiMH, Lithium Cobalt, Lithium
Manganese, and Lithivm Iron Phosphate. We have
significant experience in manufacturing many popular
chemistries, and EVB Technology {a member of the
Gold Peak Group) chose o design and manufacture
prismatic format NiMH and Lithium Iron Phosphate
chemistries for the electric vehicle industry. Based on
our extensive experience and data in manufacturing
large quanities of smaller cells, we are here to present
our findings and reasons for selecting Ni-MH and
Lithium Iron Phosphate as our preferred choice for
electric vehicle and industrial applications, and a
comparison of different chemistries.

1. NICKEL METAL HYDRIDE
BATTERIES (NiMH)

It is the most popular choice of chemistry for
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almost every mass-produced vehicle from
major automobile manufactorers. Although the
NiMH license required for manufacturing
limits the technology rights to an exclusive
group of reputable battery manufacturers, the
performance, reliability, robustness, safety and
power of this chemistry make it the most
common chemistry used in hybrid and electric
vehicles today.

The advantages of NiMH for electric vehicle
and industrial applications include:

l. Long cycle life and calendar life, long
storage life, wide range of operating
terperatures.

2. Ability to have high regeneration charge
acceptance.

3. Proven safety and reliability record on over
2 million HEVs worldwide *

4. Low cost, simple monitoring and cell
balancing.

5. Recyclable and life of car performance.

6. Robust encugh for more than 10 vears
service life.

Please reference the following performance
curves for our Ni-MH batteries used in electric
vehicle and industrial applications:

Figurel Constant Current Charging
Characteristic of 10/MQ90EVH at
Positive and Negative Temperature
Cut-off by -dV of (0.1/Module)
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Figure2 Constant Current Discharge
Characteristic of 10/MQ90EVH at
Positive and Negative Temperature
Cut-oft by Vdco of (10V/Module)
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Figure 3 Storage Characteristics
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2.  LITHIUM IRON PHOSPHATE

(LIFEPOy,)

Lithium Iron Phosphate is one of the most
sensible choices among Lithium based
chemistries. As the pursuit of higher energy
density batteries for the electric vehicle market
continued, EVB Technology responded by
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introducing our prismatic Lithinm Ion type
Lithium Iron Phosphate batteries in 2008. It is
very likely that Lithium Iron Phosphate will be
the choice of tomorrow and the results of our
in-house testing indicate excellent performance
characteristics. However, Lithium Iron
Phosphate still lacks the track record in real
applications necessary to prove its road
worthiness.

The advantages of Lithium Iron Phosphate for
electric vehicle and industrial applications
include:

1. High cycle life and calendar life

(accelerated test)

High C-rate charge and discharge
capability

Charge and discharge abuse tolerance
{compared to other Lithium based
chemistries)

4,
3.

Wide operating temperature range.

Stable raw material cost

Please see the following performance curves of
our LiFePO, Batteries:

Figure 5 Performance Curves of LiFePQ4
Batteries
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CONCLUSION

In Summary, EVB Technology’s position on
the practical choice of batteries for electric
vehicle and industrial applications:

NiMH is the most practical choice for batteries
in electric vehicle and industrial applications
today, and Lithium Iron Phosphate will be our
focus for future development and applications.

=33
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ENHANCED SYSTEM RELIABILITY -
PERSPECTIVE FROM DISTRIBUTION CABLE/MATERIALS

Dr Peter K. Pang

End-Use Marketing Manager

Dow Wire & Cable

Dow Chemical {China) Investment Co. Ltd.

ABSTRACT

With ever increasing demand for improving
transmission and distribution system reliability and
rising cost for infrastructure needed to ensure
uninterrupted electricity supply to critical customers,
increasing expectations are being put on performance
of cable materials that can provide significantly longer
life. Such materials with increasing life expectancy
can provide positive returns based on life cycle cost
analysis. The key variables affecting cable life are
described and the 25-plus years of field performance
on cables provided by tree-retardant crosslinkable
polyethylene insulation materials are illustrated with
actual field performance data. In addition to
continuously improve the quality of cable materials to
ensure their integrity in positively impacting cable
life, some ideas about future development for next
generation materials to meet the continuous demand
from electrical utilities for lower system cost with

good reliability are discussed.

1. INTRODUCTION

Electrical utility companies are striving to
reduce the life cycle cost of their transmission
and distribution systems in response to
economic and environmental drives. The use
of tree retardant crosslinked polyethylene (TR-
XLPE) insulation for medium voltage (MV)
and very clean insulation for high (HV) and
extra-high voltage (EHV) cables has allowed
utilities to achieve long service life under

severe operating conditions. This has led to

4] -

2.1

improved life cycle economics and minimized
social and environmental issues resulting from
cable replacement activities.

In this paper an overview of the current state-
of-the-art material technology for MV and HV
cables will be presented, then followed by
discussion on the possibility of future material
technology development that can either
provide better performance-cost ratio or further
enhance cable connectivity.

CURRENT STATE-OF-THE-
ART TECHNOLOGY

GLOBAL EXPERIENCE WITH TR-
XLPE INSULATION

In addition to significantly retard the growth of
water trees, TR-XLPE was designed to
maintain the high dielectric strength and low
electrical loss of XI.PE materials. It was
introduced in 1983 and in the following 26
years, TR-XLPE has become the predominant
insulation used for MV underground

distribution cables in North America.

Recent studies from field aged cables have
clearly demonstrated that TR-XL.PE shows the
highest level of dielectric strength after 17
years of field aging!", as shown in Figure 1.
Over the past 24 years, the demonstrated
performance of TR-XLPE insulated cables has
met the initial design expectations such that
projections are being made for TR-XLPE cables
to have useful life in excess of 40 years®.
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Figure 1 Dielectric Strength of Field Aged
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In Europe, an approach being different than
that in North America is used to prolong cable
life. Researchers found that blends of
polyethylene resin used in XLPE with
copolymers, based on alkyl acrylate
copolymers, resulted in improved resistance to
electrical breakdown after aging in water under
electrical stress. This technology has also had
excellent field service performance for MV
cables.

Historically in Asia, there was little emphasis
on the long term performance of MV cables
such that there were no performance
specifications to ensure long life cables. As the
performance results of TR-XLPE insulations
being used in North America and Europe have
been consistently demonsirated, several Asian
countries began adopting performance
specifications for their cables. For example, in
the Philippines, South Korea, Australia, and
New Zealand, TR-XLPE cables have been used
since 1990)'s.

In China, electric utilities are beginning to
focus on improving the life and reliability of
MYV cables. In order to access the performance
improvement with TR-XLPE insulation for the
PRC utilities, a major cable compound
manufacturer and Wuhan High Voltage
Research Institute jointly developed a cable
testing programme, using accelerated water
tree test (AWTT) as stipulated in ICEA S-94-
649-2004 specifications. Results from this
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cable aging test programme clearly
demonstrated the performance superiority of
TR-XLPE cables and this had led to the
establishment of industrial specificaiions DL/T
1070-2007 (Qualification test methods and
requirements for tree retardant performance of
medium voltage XLPE power cables). The
latter stipulates the qualification test method
and performance requirements for TR-XLPE
power cables, in terms of retained AC
breakdown (ACBD) strength after aging. The
requirements of retained ACBD are
summarized in Table 1 for DL/T 1070-2007
and ICEA §-94-649-2004 specifications.
Apparently, DL/T 1070-2007 specification has
demanded a higher retention of ACBD than
ICEA 5-94-649 after 360 days of aging.

Tablel RETAINED ACBD for TR-XLPE
INSULATION

(kV/mmy) | 14d Cyelic | After 120d | After 180d | After 360d

DL/T 26.0 26.0 22.8 20.0

1070-2007

ICEAS-94- 26.0 26.0 22.8 15.0

649-2004

2.2

In Latin America, TR-XLPE has been used in
Brazil, Chile, Columbia, and Mexico. In
Mexico, TR-XLPE is also specified as one of
the materials of choice for HV cables up to
132kV. As typical HV cables have built-in
moisture barriers, apparently TR-XLPE is
being considered as an additional insurance for
polential water treeing due to water ingress that
could be resulted from damaged moisture
barriers.

In India and the Middle East regions, several
utilities have incorporated TR-XLPE into their
performance specifications for MV cables. In
India, TR-XLPE is also specified for 66kV HV
cables,

HIGH VOLTAGE INSULATION

HV and EHV cable usage is growing around
the world, especially in urban areas. With the
advent of ultra high voltage transmission from
east to west in China, more HVY cables of 220kV
and above are being used to upgrade the
transmission grids.
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HV and EHV cables are produced with
constructions that are intended to keep them
dry radially and longitudinally. Hence,
electrical aging of and tree formation within the
insulation are the most important properties for
determining the life of cables. Two key factors
in the electrical tree retardance of insulation are
the insulation cleanliness and the smoothness
of the insulation-conductor semi-conductive
shield interface™.

Two of the key requirements for high voltage
and extra- high voltage XL.PE insulation under
1IEC 60840 and IEC 62067 norms respectively
are summarized in Table 2.

Critical to the performance of XLPE insulation
operating under high electrical stresses is the
cleanliness of the insulation and the need for
very low dissipation factor values. Cleanliness
of the insulation is ensured by precise control
and monitoring of the manufacturing process
and subsequent compounding, packaging and
logistic operations. XLPE insulation
compounds should be free of metal
contamination and particles greater than
100pm.

Customer specifications are even more
stringent for EHV insulation materials. To
ensure that the insulation compound
cleanliness is maintained from compound
manufacturing centre to cable production, one
of the major cable compound manufacturers
has developed a multi-liner bulk carton system
which helps to preserve material cleanliness.
Using this systerm, the cable manufacturer can
remove the outer cardboard packaging before
the material enters the cable production area.
The inner liner design ensures that the
insulation material remains in a closed system
from initial production through (o cable
extrusion, thus minimizing the possibility of
external contamination.

TABLE 2 KEY REQUIREMENTS for HV/

EHYV INSULATION

High Voltage Extra High Voltage

Key Standards

IEC 60840 |IEC 62067 AEIC CS9 TEPCO

Cleanliness

1{Hm Clean TOum Clean

Dissipation F. (Uo,100°C)

<01%

< 0.05% customer reguirements

4.3 -

As the operating voltage increases, the
dielectric power loss also increases. Tan delta
is a measure of the degree of power dissipation
in a dielectric and therefore a measure of its
losses. For power cables, the tan delta value of
the insulation should be as low as possible to
minimize the power loss. This is particularly
true for HV transmission cables in which the
dielectric loss component becomes a
significant portion of the overall losses in the
cable.

In fact the dissipation factor or tan & is highly
sensitive to polar impurities in the XLPE
insulation material and minute quantities of
contamination can have a drastic effect on tan
delta. As shown in Table 2, IEC 60840 requires
that the cable dissipation factor be less than
0.001 or 0.1%.

Figure 2 Dissipation Factor Improvement

with Super Clean Compound
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Figure 2 shows the dissipation factor
measurements on model medium voltage
cables using conventional and super clean
insulation compounds at 100°C as a function of
electrical stress level. The conventional
compound is an insulation compound designed
for MV cables. The super clean compound is
an insulation compound designed for HV and
EHV cables. The data in Figure 2 clearly
illustrates the importance of insulation
cleanliness on its dissipation factor valoe.

The presence of polar residues from peroxide
decomposition can have a negative impact on
tan delta values and therefore cable performance.

Illustrated in Figure 2 is the effect of an
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improved degassing regime on cable tan delta
performance.

Of course insulation cleanliness and dissipation
factor are not the only requirements for high
performance insulation materials. Additives
used to ensure long term heal ageing
performance must not migrate out of the
polymer pellets during transportation or
storage at the customer. Some HV cable
polymers incorporate a migration resistant
additive package allowing long term storage
even at high temperatures. The cormrect balance
of stabilizers and peroxide curatives must also
be determined to help ensure, not only long
term ageing performance, but also scorch
resistance and minimization of amber or gel
formation during long production runs.

SEMI-CONDUCTOR SHIELDS

A very important development in raising cable
quality and performance levels has been the
improvement in the semi-conductor shicld
properties’®, In MV and HV power cables an
inner (conductor) and outer (insulation) semi-
conductive layers are needed to smooth and
equalize the strong electrical field in the cable.
This semi-conductive compound is typically a
carbon black filled polymer having between a
30-40% carbon black addition levels. The inner
semi-conductor layer is always cross-linked
and “fully bonded” to the insulation. It must
also have low impurity levels and yield both a
very smooth interface with the insulation layer.
The smoothness at the interface between the
insulation layer and semi-conductive shields is
very important to the long term electrical
Micro-
protrusions from the semi-conductive shields

performance of power cables.

can result in localized electrical stresses and
induce undesired treeing or electrical
degradation. Typical sources of the protrusions
are grit from carbon black, poor dispersion of
carbon black, polymer gels, or external
contamination,

For HV cables, semi-conductive materials
based on acetylene carbon blacks, referred to as
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“supersmooth”, are generally used.

Figure 3 shows the reduction in cable
dissipation factor achieved by replacing
conventional semi-conductive materials as
both inner and cuter semi-con in a model
medium voltage cable.

Figure 3 Dissipation Factor Reduction when
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FUTURE TECHNOLOGY
TRENDS

IMPROVYE WATER TREE
RESISTANCE OF HV CABLES

For HV cables, moisture barriers, like water
swellable tapes and metallic sheaths, are
preseni Lo prevent the ingress of moisture
during cable installation and subsequent
operation. Although, such moisture barriers
can be damaged during cable installation and
can subsequently lead to water ingress and
cable failures. TR-XLPE insulation can be
considered as an additional means of insurance
against water treeing in HV cables.

Due to higher operating stress in HV cables, the
resistance of electrical treeing of an insulation
material should be considered. As shown in
Figure 4%, the electroluminescence of TR-
XLPE material shows comparable
performance to that of XLPE as a function of
inception voltage.
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Figure 4 Electroluminescence of XLPE and

TR-XLPE materials
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Due to the chemical nature of TR-XLPE
compounds, their dissipation factor is usually
slightly higher than that of XLPE compounds
at operating temperatures. Thus, it is
imperative to understand the dissipation factor
of TR-XLPE material ar higher operating
electrical stresses, to ensure there will not be
any adverse effect at operating voltages of HV
cables. A model cable made with a 24mm?
aluminium conduoctor and 3mm insulation was
tested for dissipation at different operating
stresses™.  As shown in Figure 5, the
dissipation factor of TR-XLPE at 100°C
increases with increasing stress. In order to
meet the dissipation factor requirement of less
than 0.1%, as specified in AEIC C89-06, ICEA
5-108-720-2004, and IEC 60840
specifications, TR-XLPE material can be used
up to a stress level of 7kV/mm. Typical
maximum stress for a 138kV cable is 7 - 8 kV/mm.

Figure 5 Dissipation Factor at 100°C for a
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The retained ACBD strength of cables made
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TABLE 3 RETAINED ACBD FOR TR-XLPE
INSULATION AT HIGH STRESS

with TR-XLPE was also evaluated at higher
electrical stress during wet aging (AWTT)
study by varying the insulation thickness.
Model cables made with 53mm? aluminium
conductor and insulation thicknesses of 2.7 and
4.4mm were tested under AWTT condition. As
shown in Table 35!, TR-XLPE demonsirates
excellent dielectric strength after wet aging at
high stress vs. XLPE materials.

Insnlation | Average | Maximoem | AC Breakdown Stress
Thickness | Electrical | Elecirical | (kV/mm)
(mm) Stress Stress TR-XLPE XLPE
During During
Aging Aging -
(kV/imm) | (&V/mm) | Unased ‘ﬁf}ﬁ' ‘?g;';
44 56 8.1 58 8 19-
56 34 25
59 33
27 98 121 54 37
41 M4
54 34

3.2

Today, only a 115kV HV cable made with TR-
XLPE has been in use in Mexico. Given the
very limited usage of TR-XLPE materials for
HV cables, more full-size cable data should be
generated and evaluated before adopting the
technology for wider commercial use,

INCREASE DIELECTRIC
STRENGTH OF XLPE MATERIALS

The perceived benefits of increasing the
dielectric strength of XLPE are mainly in
reducing insulation thickness and overall cable
diameter. This would allow installation of
smaller diameter cables through existing
constrained underground conduits.

Another way lo take advantage of increased
dielectric strength is to achieve lower
distribution loss by operating cables at higher
voltages. For example, the State Grid in China
has decided to increase operating voltage from
10kV to 20kV in some local cities, to reduce
investment cost'®, Using cables that were
originally designed for 10kV and operate them
at 20kV will subject insulation materials to a
higher electrical stress and decrease their
expected life. Thus, insulation materials with
better dielectric strength will be needed for
such an application.
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Power loss can also be reduced by using cables
with a larger conductor, while retaining the
same overall cable diameter. However, this
will require additional capital investment, as
cost of conductor accounts for the majority
material cost of cables.

Nanocompaosite dielectrics is being evaluated
to increase the dielectric strength of XLPE, in
which nano filler materials are incorporated
into regular dielectrics like XLPE. In the
laboratory, XLPE materials containing
vinylsilane-treated silica have exhibited longer
time-to-failure and higher breakdown strength
1. Nanocomposite dielectrics made of MgQ
and low density polyethylene have also been
shown to have superior thermal breakdown
performance in HVDC application!®.

Despite some of these successes demonstrated
in the laboratory, nanocomposite dielectrics are
not yei available commercially. One of the key
reasons is that the incorporation and dispersion
of nano fillers into XLPE is not easily attained
in commercial scale mixing equipment.
Without proper dispersion of these nano fillers,
large aggregates of these particulates can
actually cause localized dielectric failures®™. In
addition, the long-term stability of these
nanocomposite dielectrics under field aging
has not been evaluated and needs to be
understood before field application can be
proliferated.

INCREASE ELECTRICAL TREE
RESISTANCE OF XLPE MATERIALS

Similar to increasing the dielectric strength of
XLPE, the key benefits of improving the
resistance to electrical treeing of XLPE
insulation are increasing the longetivity and
economical value of HV and EHV cables,
where the insulation materials are subjected to
higher electrical stresses.

Electrical treeing processes are divided into
three stages: inception, growth, and breakdown
of insulation materials!'. Given the
importance of the inception phase of electrical
treeing, studies have been conducted to find
additives that could inhibit tree inception. As
shown in Table 4" using ASTM D3756
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double-needle test, polymers with aromatic
structures on their backbone, such as
polysulfone, polyethylene terephthalate, and
polycarbonate, have much higher characteristic
voltage (or resistance Lo electrical treeing) than
polyethylene.

TABLE4 DOUBLE-NEEDLE TEST

CHARACTERISTIC VOLTAGE
for POLYMERIC INSULATION
MATERIALS!

Material Characteristic Voltage (kV)
Polysulfone 27
Polyethylene terephthalate 25
Polycarbonate 19
XLPE 18
Polystyrene 125

This led to the idea of incorporating additives
called voltage stabilizers into XLPE matenials
that were considered to be capable of absorbing
energetic electrons and thereby preventing the
occurrence of electron avalanches that lead to
dielectric failure of polyethylene insulation™?,
Voltage stabilizers are additives that have: (1)
at least one electron acceptor group, an
unsaturaied radical containing a = bond such as
~NOj, -CN, =CQ, benzyl group, or a polycyclic
aromatic, (2) an electron donor group , such as
amino and lower alkyl radicals which contain a
transferable proton such as -N(CHj)z, -NHa,
and -CHj3; (3) potential hydrogen bonding
between the acceptor and donor group by a
transferable proton, as when they are ortho on a
benzene ring; (4) reversibility of the proton
transfer between groups; (5) an aromatic ring
structure to facilitate transfer of charge
between substituent groups; (6) adequate size
and complexity of the aromatic rings system to
provide for electron capture and subsequent
energy dissipation without producing bond
rupture; (7) adequate solubility of the additive
in polyethylene.

Recent study!'™ using quantum mechanics has
identified electron affinities and ionisation
potentials as fundamental properties of voltage
stabilizers to inhibit electrical tree inception.
This study concluded that voltage stabilizers
are molecules that have high adiabatic electron
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affinity and low ionization potential.
Molecules with high electron affinity will
easily accept space charge electrons. And
molecules with low ionization potential will
form ions more easily with injected space
charge.

Numerous additives have been demonstrated in
the laboratory to increase the breakdown
voltage of XLPE materials'*. However, due to
the limited solubility of these types of additives
in polyethylene and their long-term stability
under actual field aging conditions,
commercial use of voltage stabilizers have not
been prevalent.

SELF-HEALING CABLE
MATERIALS.

Many of the damages to direct-burial cables
occur during installation as a result of
accidental dig-in. These kinds of damages
often lead to moisture ingress that can
subsequently cause cable failures. The concept
of self-healing cables which discusses cables
with self-healing capability to mitigate
damages caused by accidental dig-in has been
in the patent literatures. Many of these have
discussed the use of water swellable agents
either in the jacket or insulation materials!'s,l'®
that react with ingressed moisture to form a
sealant for the damaged areas.

Another concept that has surfaced recently is
the use of compressible/expandable foam that
can seal the damaged cable once breach of the
jacket has occured!.

Although self-healing concept has been
promoted for many years, but it has not been
practiced commercially for many reasons.
Among which are: (1) Compatibility of self-
healing agents with cable materials, as many of
which being proposed were incompatible with
polyolefinic materials. (2) Effectiveness of
self-healing agents, as the chemical reaction
between the agents and ingressed water may
not be fast enough to capture all the ingressed
water. (3) Long-lterm effecliveness of self-
healing agents. Some of the proposed methods
of incorporating self-healing agents include use
of micro-encapsulated agents in the insulation
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materials. Potency of these agents may be
reduced over time as diffusion out of the
encapsulant may occur.
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ABSTRACT

In the recent decade, the developments of skyscrapers
have been growing significanily in the metropolitan
cities of Mainland China such as Tianjin, Shanghai
and Shenzhen. The heights of the skyscrapers hit new
record all over the world.

As a special region of Mainland China, Hong Kong is
a pioneer in the development of super high-rise
buildings. The recent representatives are 2IFC and
ICC which are skyscrapers of more than 400m in
height. Engineers of Hong Kong are fully conversant
with the design of electrical and vertical iransportation
systems which best suit the needs of super high-rise
buildings. However, the rules, regulations and
practices in Mainland China and Hong Kong are
mostly different though the design concepts have a lot
in common. This paper outlines the design of electrical
and vertical transportation systems for projects in
Mainland China and Hong Kong, along with special
considerations on system design from perspectives on
supply voltage level selection, equipment rating
determination, delivery strategy elc.

1. INTRODUCTION

With the economic boom in Mainland China,
modern skyscrapers have changed the urban
landscape of the metropolitan cities in the last
decade. Most of the leading consulting firms in
Hong Kong nowadays are taking part in the
MEP design of super high-rise building
projects in Mainland China which demand
designs with cutting-edge technologies and
compliance with rules and regulations in
Mainland China. These all-embracing designs
pose formidable challenge to all engineers in
Hong Kong.
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2.

2.1

2.2

MAIN ELECTRICAL SYSTEM
ELECTRICITY SUPPLY

Technical and financial considerations are
important factors in determining the supply
voltage level and the configuration of
substations in the development for projects in
Mainland China.

While the supply voltage levels in Hong Kong
range from 380V to 11kV and the substations
are designed according to the requirements of
HEC/CLP, the supply voltage levels in
Mainland China range from 380V to 220kV.
380V is classified as low voltage, 10kV and
35kV are classified as middle voltage and
110kV and 220kV as high voltage. The supply
voltages vary from provinces to provinces.
10kV and 35kV are popular in cities of
northern provinces, €.g. Shanghai and Tianjin
whereas 10kV and 110kV are popular in cities
of southern provinces, e.g. Shenzhen.

Besides, power bureaus in various cities/
provinces may have their own rules to
determine the level of supply voltage and the
requirements of substations in the
development. In general, 10kV power supply
substations is required for transformer load not
exceeding BMVA and 35kV/110kV power
supply substations are required for transformer
load not exceeding 30-40MV A. The incoming
power supplies usually come from
underground power cable networks which are
the mainstream of electricity distribution in
metropolitan cities.

POWER TRANSFORMATION

Qil-filled, SFs and cast resin power
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transformers are commonly used in Mainland
China. According to GB, oil-filled and SFe
power transformers must be installed at cither
ground level or underground level whereas
there is less constraint for cast resin power
transformer application since cast resin power
transformer is ‘dry type’ transformer which
poses no leakage hazard and therefore, is
commenly used in super high rise building.
The drawbacks of cast resin transformers are,
however, heavy weight and bulky size.

Unlike the practice of Hong Kong whereby the
power transformers are usually provided by the
power companies and the ratings of the
transformers are usually 1000kVA, 1500kVA
and 2000k V A, the power transformers of PRC
projects are wsually owned by the property
developer, supplied and installed by power
bureau recognized contractors and with ratings
of B00kVA, 1000kV A, 1250kV A, 1600kVA,
2000kVA and 2500kVA which are readily
available in commercial market of Mainland
China.

‘When the transformers are installed at upper
floors, equipment delivery is a concern. In
Hong Kong, the common practice is to provide
a dedicated ‘Transformer’ Lift to carry the
heavy transformers or high voltage equipment
according to CLP/HEC requirements.
However, in Mainland China, lift shaft of
service lift, as an alternative to transformer 1ift,
is commonly adopied as a delivery route for
transportation of transformers or heavy
equipment. Therefore, the dimensions of the
lift shaft of the service lift shall be large enough
and installations inside the lift shaft shall be
well coordinated to allow for free passage for
transformer delivery.

POWER DISTRIBUTION

In super high-rise building, the length of power
distribution risers will be very long which leads
to voltage drop problems. Locating the power
transformers as closely to the load centers as
possible is the best way o contain voltage drop.

Super-high rise buildings in Hong Kong and
Mainland China usually site the transformer
rooms in above ground mechanical floors,
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which are usvally 25 storeys apart in Hong
Kong and 15 storeys apart in Mainlangd China.
Besides, transformer rooms can also be located
in refuge floors for projects in Mainland China.
This arrangement can limit the ‘supply
distance’ of outgoing circuits within
150~200m such that the voltage drop across
busducts/cable risers can be limited to
reasonable valves.

According to GB codes, an intelligent Electric
Leakage Protective (ELP) system is required
for Grade | buildings i.e. high-rise non-
domestic buildings. It is realized by installing
earth leakage current detection device for main
circuits. For super high-rise boildings, the
devices are usually addressable and installed at

© the outgoing circuits of the main electrical

distribution risers. Whenever the measured
earth leakage currents exceed the preset limit,
the device will be activated and issue andio-
visual alarms and/or initiates signals to trip the
faulty circuitries.

CLASSIFICATION OF LOADS

The electrical loads of Hong Kong buildings
are classified as non-essential loads, non-FSI
essential loads and FSI essential loads, whereas
the electrical loads of PRC buildings are
classified as four types, namely most-important
loads, Class 1 loads, Class 2 loads and Class 3
loads according to GB codes.

* Most important loads such as ceniral
control of security system, central clock
system and building data storage system
etc, require high reliability than the Class 1
loads as described in item 2 and shall be
supplied with dual-feed circuits in different
power sources as well as ready to be fed
from standalone standby alternative power
generation source, e.g. diesel generator set.

= Class ! loads such as fire pomps, fireman’s
lift and emergency lighting etc shall be
supplied with dual-feed circuits in different
power source, e.g. two different
substations.

+ Class 2 loads such as air conditioning
system and escalator etc shall be supplied
with dual-feed from different circuits/
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transformers, e.g. two different

transformers in same substation.

» (Class 3 loads such as general lighting and
small power elc shall be supplied with
single-feed circuit in single power source,

Figure1 LYV Schematic Diagram
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The following are options of secondary power
supply which fulfill the different power source
requirements as stipulated for the most
important Joads and the Class 1 loads: -

*  One of dual-feed power supply from city
power substation of Power Bureau;

* Diesel/gas generator set or cogen set.

»  Solid-state power sustain unit. It can be
interruptible or uninterruptible type. The
former is named ‘Emergency Power Supply
(EPS)’ e.g. self-contained rechargeable
battery power pack for emergency lighting
and the latter is named ‘Uninterruptible
Power Supply (UPS)’ e.g. battery type UPS
or fly-wheel type UPS for data equipment
or production lines.

Figure 2 Self-contained Rechargeable
Battery Power Pack
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DIESEL GENSET SYSTEM

There are single-feed supply and dual-feed
*high reliability’ power supply available from
Power Grid in Mainland China. If the dual-feed
power supply is not available in the vicinity of
the development or not reliable enough to
support the important loads, diesel genset will
be an alternative. While Hong Kong
regulations allow installation of gensets at
high-level mechanical floors, GB codes
however only allow installation of diesel
gensets at ground floor or basement one.

For super high-rise buildings of height
exceeding 300m, the length of the essential
power cables will be very long when all the
gensets are Jocated at ground tloor or basement
one floor. Overcoming the heavy voltage drop
will be the first challenge.

The second challenge will be the ventilation
problem. Air is an essential element for proper
operation of diesel gensets which need huge
amount of air for engine combustion and heat
removal. Sufficient louvers at the building
facade and numerous air ducts are required to
enable sufficient air entering and leaving the
genset rooms at G/F or Bl floor.

The following strategies are usually adopted
for skyscrapers in Mainland China to overcome
the problems:-

i. Voltage Drop

As there 15 no way io re-site the gensets
close to the loads, the possible solution is to
apply a higher voltage to transmit essential
power to loads at high levels. It can be
realized by using high voliage (10kV)
gensets and step down transformers.
However, high voltage gensets are more
expensive and will incur a higher
maintenance cost. As an alternative, low
voltage gensets complete with step up and
step down transformers are usually
adopted. The secondary of the step up
transformer and the primary of the setup
down transformer are usually connected in
delta configuration in order to avoid the
need of neutral conductors in the cable
risers and to isolate the third order
harmonics.
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Figure 3 HYV Schematic Diagram
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ii. Ventilation

Since the available space on ground floor or
basement is usually limited and the size and
location of intake and exhaust air ducts/duct
shafts are often constrained by the site
conditions, remote air-cooling or remote
water-cooling in lieu of set mount cooling
is often adopted to reduce the intake and
exhaust ducts sizes and minimize the
footprint required for the gensets room.

Figure 4 Remote Water-cooling
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Figure 5 Remote Air-cooling
Remoie
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Remote water-cooling e.g. cooling tower can
further minimize the plant room space since
specific heat capacity of water is much higher
than air. However, temote air-cooling e.g.
remote radiator offers a more reliable way of
veniilation and cooling as the risk of failure of
pumps set and pipework for cooling tower is
eliminated.

2.6 FUEL STORAGE AND FUEL RISERS

As gensets can be located on above ground
mechanical floors in Hong Kong, daily tanks
are also located on the mechanical floors to
back up the gensets on the same mechanical
floors. Bulk fuel tanks will be provided on
ground floor for manual replenish of the daily
tanks whenever required. Fuel pipe risers are
also acceptable to the authorities when the
installation can meet the stringent requirements
as stipulated by FSIXDG).

In Mainland China, all the gensets can only be
installed on ground floor or the first basement,
no fuel pipe riser is needed and the daily tanks
and the bulk fuel tanks are located on these two
levels.

Figure 6 Fuel System Schematic Diagram
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2.7 LIGHTNING PROTECTION

No doubt skyscrapers, whether located in Hong
Kong or Mainland China, are prime targets for
lightning strikes. On the roof of the
skyscrapers, early streamer Lype lightning
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arrestors are often adopted to offer lightning
protection to the entire buildings. The arrestors
will usually be connected to a number of
dedicated re-bar down conductors embedded in
structural columns evenly spread around the
building perimeter and finally connected to the
lightning earth pits/grids at the basement.

Along with the lightning protection by the early
streamer arrestors, the curtain wall system will
also be designed as an electrical continuous
envelope and bonded to the re-bar to form a
Faraday cage to protect the building from
attack of side-flashing.

Double Deck Lift

When designing super high-rise buildings,
double deck lift system combined with
skylobby approach is often applied in order to
further reduce floor space occupied by lift
shafts. Also, double deck lifts are able to load/
unload passengers on two consecutive floors
simultaneously thus significantly increase the
handling capacity of the lift services.

Destination Control

In order to achieve a smoother and more
efficient way of handling passengers during
peak and off-peak hours, destination control
system is often adopted in super high-rise

3. VERTICAL buildings.
TRANSPORTATION SYSTEM L ,
Before getting in a lift car, passengers will
With a height of several hundred meters register a call to the destination floors by either
accommodating population of tens of thousand keying in the destination floor at the keypad or
combined, flexible and expedient lift services pre‘senting a smartcard. Once a call is
play an imporiant role in sustaining the registered on the system, the cc_mtrol system
operation of super-high rise buildings in good will assign the mostlap P rop_rlate Jift cars .for the
conditions. The following are the design passengers. Combined with the function of
approach to bring these about. grouping passengers destined for the same
floors in the same 1ift cars, the handling
3.1 DESIGN APPROACH capacity can be increased and the lifting
performance will be optimized.
SkyLobby Approach
Crowd Control
Direct transportation between the main lift
lobbies and all the local hft zones will be Crowd sensor control function, which prevents
penalized for wasting a lot of 1ift shaft spaces passengers from crowding into lobby areas that
and reducing the efficiency of the building core have lifts of different capacities arriving and
drastically. Sky-lobby approach, whereby low departing, is essential to lift installations
zone lifts and high zone lifts can share with incorporated with sky-lobby approach.
each other the lift shaft spaces, is the best way
to overcome such inefficiency. Figure 8 Crowd Sensor Control Schematic
Figure7 Skylobby Approach CROWD CALL DESTINATION |
SENSORS CONTROLSYSTEM

HARMOMIZE
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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.

Conquering Building Sway

Super high-rise buildings in tropical and
subtropical areas e.g. Hong Kong and Southern
regions of Mainland China 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 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.

Figure 9 Sway Control Algorithm

Imputs frum high Control funclion | Functionality Duration
wind Sensor
Level0: No sway Normal operation Min 5 minutes with
No Buildlng sway <300 displacement
Level 1: Low sway Speed reduction »=3 minwies
Building displacement | Max speed Smis | ahoul 0%, critical
>=150um (Spoed adjustable) | zomes will not be
served anymore
Level 2: Mediom sway Further Speed re- >=) minutes
Bullding displacement | Max speed 2.5m/s | duction about 25%.
>=450mm (Speed ndjustable) | Critical 2ones will not
be served anymore
Level % High sway Elevator evaculates >=3 minutes
Ruilding disphacement penple b main Noor
>=bi0mm and parks al a pre-
defined floor (nom-
resonanl floor)
Lifts with long roping systems are more
susceptible to building sway effects. High wind
operation sensors shall be equipped to
safeguard the lift installations by means of
sway control algorithm,
3.2 DESIGN STANDARD

Despite comprehensive codes and rules
available in Mainland China and Hong Kong,
those codes and rules are written for single
deck conventional lifts with capacities and
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speeds not exceeding 1600kg and 3.5m/s.

Ultra-high speed and high capacity double-
deck lift system, however, is dominant in
super-high rise buildings. The current set of
codes and rules fall short of design information
of modern lift systems. It is important that
engineers shall keep abreast of the new
technologies/products launched by lift
manufacturers and wisely apply them to super
high-rise building projects

EVACUATION UNDER
EMERGENCY

After the 11 September 2001 incident in the
United State, it is of great concern to building
managers of super high-rise building when
time is of the essence in trying to quickly
evacuate the occupants in case of bomb scare,
terrorist attack or other emergency situations.

Traditionally during fire outbreak, fireman’s
lifts will be dedicated for firemen only and
pressurized exit stairs will be the only escape
routes for occupants. Although refuge floors
are designed in every 15 to 23 floors for super
high-rise buildings, the tenants have to
congregate at refuge floors and wait passively
for rescue. While this still holds true for
projects in Hong Kong, projects in Mainland
China have been using assigned shuttle lifts for
evacuation of occupants at high level floors
under emergency. When the lifts are switched
to evacuation mode, the lifts will serve
expressly only between the designated rescue
floors and the designated exit floor and all
other calls will be inoperative.

EMERGENCY RESCUE DOORS

Emergency rescue doors, which can provide a
safe way to rescue passengers in event of lift
failure, are compulsory for lift installations.

In accordance with COP in Hong Kong and GB
in Mainland China, if the distance between any
two adjacent lift landing doors exceeds 11m, a
dedicated emergency rescue door is required
on the lift shaft. The emergency rescue door
shall be spaced with intermediate interval not
exceeding 11m as well.
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Besides, GB also allows cab-by-cab rescue as a
supplement to the rescue doors. The cab-by-
cab rescue method is suitable for muliiple 1ift
cabs in common lift shafts which enable rescue
of trapped passengers from faulty lift to healthy
lift via side rescue doors of size 1.8m high and
0.35m wide at least, subject to the distance
between two lift cabs must be not more than
750mm.

FIREMAN'S LIFT

According to GB, fireman’s lift shall be
provided for the following buildings:

¢ Category 1 public building such as hotel,
hospital or, office with height more than
50m etc.

= Residential Building with 12 or more storey

+ Category 2 building such as hotel,
apartment or office etc with height
exceeding 32m.

For tall buildings, the minimum number of
fireman’s lift is determined as follows: -

* | unit for serving floor area not exceeding
1500m? GFA;

* 2 units for serving floor area exceeding
1500m? GFA but not exceeding 4500m?
GFA;

* 3 units for serving floor area exceeding
4500m?* GFA.

As compared with the Hong Kong practice,
fireman’s lift is required for buildings having 2
or more storeys and with height exceeding 30m
and the fireman’s lift has to be located at
appropriate locations where the distance from
the fireman’s lift to any part of a floor will not
be exceeding 60m.

Figure 10 Fireman’s Lift Direction Sign

Fireman's Lift

8 Bh F i

Fremes
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Regulations of Hong Kong and Mainland
China both require the fireman’s lift shall be
fast enough to reach the topmost discharge
point of the building within 60 seconds. Under
special circumstances, authority of Mainland
China may accept transfer of fireman’s lifts at
high levels.

Furthermore, in Mainland China, a dedicated
sump pit must be provided for each fireman’s
lift. The holding capacity of sump pit shall not
be less than 2m? as stipulated in GB while there
is no such provision required in Hong Kong

BARRIER FREE ACCESS

Figure 11 Barrier Free Access

Barrier-free

ACCESS

While regulations of Hong Kong and Mainland
China both require assigned lifts be provided
with facilities for disabled, there are
differences in the provisions:-

Figure 12 Barrier Free Access Requirements

Comparison Table Between Hong

disabled nse

Kong and Mainland China
Barier Free Access 2008 Hong | JGJ 50 - Codes [or design en
Kong accessibility of urban roads and
huildings
Minimum internal dimension of | 12Hmm x 11Hmm 1400mm x 1140mm
Bifl cxb floor
Mininawm elear entrance width | §50mm Blidmm
TFixing height of handrail §5mm-950mm Blmm-830mm
Position of control bution for | 9imm-1206mm Wnm- 1t mm

In Mainland China, 1n order to facilitate
disabled passenger’s awareness on the running
status of moving lift car, a mirror should be
installed above the handrail of the internal wall
which is opposile to the car door.

CONCLUSION

With Hong Kong reunion with Mainland China
since July 1997 and the continual economic
boon in Mainland China over the last decade,
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engineers of Hong Kong, who are gified with
experience of projects world-wide since the
198('s, get more chances to participate in mega
projects in Mainland China.

Of these mega projects, super high-rise
buildings supported by highly secure and
reliable power supply and state-of-the-art
vertical transportation systems are the
mainstream developments in Mainland China
in the recent decade. Keeping abreast of the
regulations and practices of engineering in
Mainland China is essential to all engineers of
Hong Kong to face the challenges of the 21%
century for years to come.
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ABSTRACT

Many utilities implement substation intelligent
electronic device (IED) integration and automation
projects. In most cases, the focus is on acquiring real-
time operational data for supervisory control and data
acquisition (SCADA), automation, protection and
control applications. However, non-operational data
such as fanlt records, waveform captures, breaker
contact wearing, and transformer conditions is also
invaluable data for power system operators and utility
engineers. Access to the non-operational data is
generally not available from the SCADA system. It
usually requires access throngh IED maintenance
ports using native I[ED vendor software, This paper
examines the benefits of using non-operational data in
the operation, maintenance and management of
substation equipment. Tt also explores the approaches
of integrating non-operational data into substation
automation projects. By combining real-time
operational data and more productive use of non-
operational data, utilities can maximize return on
investment in substation automation projects and
capital assets.

1. INTRODUCTION

Driven by dynamic market environments,
utility management and engineering
professionals are constantly looking for
improvements in power system operation. The
Smart Grid initiative is driven by industry
regulators, utilities and suppliers in the electric
power industry in an enterprise-wide
coordinated approach to modernize the aging
electric power infrastructure using
communication and information technologies
for greater reliability and efficiency in
electricity supply. In addition to effective
operation of power grids, the maintenance and
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management of critical substation equipment is
equally important in meeting business metrics.
FProper use of non-operational data from
substation automation systems can produce
significant value and benefits in managing
these high-value assets.

SUBSTATION ASSET
MANAGEMENT

Of all industries, the electric power industry
has the highest asset value in its infrastruciure.
Much of the equipment is classified as critical
assets to power system operation. According to
the North American Electric Reliability
Corporation (NERC), critical assets are defined
as: facilities, systems, and equipment which, if
destroyed, degraded, or otherwise rendered
unavailable, would affect the reliability or
operability of the bulk electric system. Thus,
asset management is vital in today’s utilities
operation.

Utilities asset management is a broad subject
and the asset management paradigm includes:
¢ maximizing business performance

* using rigorous and data-driven process

» having strategic business goals, to drive
engineering and operation decisions

* having multiple considerations:
— profitability
— performance
— reliability
— risk
— safety
— tolerance

— cash flow
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— regulatory relations
— environmental
— customer satisfaction

— employee satisfaction

In brief, asset management involves spending
decisions made with the explicit objectives of
maximizing business performance while
proactively managing risk, budgets, resources
and key performance indicators. (Source: R.E.
Brown and L. Willig).

In vertically integrated utilities, assets include
power system operation-related eguipment in
generation, transmission and distribution
systems, as well as other business operation-
related assets. For the purpose of this paper, the
focus of discussion is the management of
substation assets, including:

1. Apparatus or equipment:

+ transformers

*  capacitors

» circuit breakers and switches

* other equipment

2. Intelligent Electronic Device (IED):
= protection relays

» rtemote terminal units (RTU)

* meters

*  MOoNitoring Sensors

+ fault recorders

* programmable logic controller

+ other electronics

The maintenance, planning and management of
these high value and critical substation assets
have a significant impact on the managing
utility business. In recent years, utility
businesses have shifted from standard-driven
to condition-based management of assets.

STANDARD-DRIVEN
MANAGEMENT OF ASSETS

In standard-driven management, equipment
standards, as well as operations and
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maintenance {(O&M) guidelines govern the
way we work with equipment. Typical work
processes starts from defined standards from
which budget and resources are planned
accordingly, and then are approved for
implementation. Typical practices of
equipment maintenance, planning and
management include: scheduled inspections,
review and work orders, manual data logging
or retrieval, planning based on standards and
estimates, as well as managing based on
experience. While this has been the best
practice in the past in order to ensure salety and
reliability, it has also presented numerous
challenges including:

+ intensive resource requirement

* unnecessary maintenance work

high O&M expenditures

no visibility between maintenances

CONDITION-DRIVEN
MANAGEMENT OF ASSETS

In condition-based management, assets are
monitored on a continuous basis and conditions
are assessed through data analysis. Typical
work processes include equipment condition
monitoring and assessment, prediction of
possible scenarios and recommendation of
action. Budget and resources are then planned
accordingly, and approved for implementation.

This approach needs to use data collected from
equipment, and this data is typically non-
operational data.

OPERATIONAL DATA VS
NON-OPERATIONAL DATA

In general, operational data refers to real-time
data typically required for the operation of
power systems. Operational data attributes
focus on what and when, and status and
measurements are typically in real time. This
data includes circuit breaker open and close
statuses, alarms, events with time tags, line
currents and bus voltages. The corresponding
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action of operational data is protection, control
and SCADA. The main users are power system
operators.

On other hand, non-operational data is usually
historical data, files and records that focus on
what and why, and typically include counts,
accumulation and trends. This data includes
fault and waveform records, circuit breaker
operation counts and contact wear, as well as
transformer dissolved gas, moisture and
temperature, The primary objectives of non-
operational data are equipment maintenance,
system planning and asset management. The
corresponding action of non-operational data is
analysis, prediction and planning. The main
users are equipment maintenance, asset
management, system planning and system
operation.

A coliection of non-operational data or
historical data can be processed, trended,
analyzed or fed into modeling algorithms for
identifying equipment deterioration or
problems. Condition monitoring of equipment
empowers decisions about maintenance work,
repair orf replacement, work order issuance and
resource deployment. It facilitates the planning
of work, resources, schedules and budgets.
Results from non-operational data analysis are
also valuable and powerful in supporting and
justifying budgets for proper capital
expenditure (CAPEX) or operating
expenditure (OPEX).

The following are examples of non-operational
data that are valuable to utilities managers and
eéngineers in power system operation,
maintenance and planning. This data can be

made available from substation IEDs and
Sensors.

1. Transformer monitoring:

= Dissolved gas in the oil as an incipient of
faults:

— electrical faults from partial discharge
and arcing

— thermal faults from overheating

*  On-line dissolved gas analysis (DGA):
— acetylene (C2H>)

~ carbon monoxide (CQO)
— ethylene (C;Ha)
— hydrogen (Ha)

= Moisture in the oil:

— degradation of paper

— aging insulation

+ Transformer monitoring modeling:

— cooling system efficiency
— winding apparent power
— winding hotpot temperature

— dynamic rating and efficiency

2. Switchgear Monitoring
+ Partial discharge monitoring:
— various sensor technologies are

available

— useful in gas and air-insulated
switchgear

— detects, logs and analyzes partial
discharges

Table1 Comparing Operational Data to Non-operational Data

Characteristics Operational Data

Data format Individual time-sequenced data
Time dependence Real-time or near real-time
Data integration Standard or de facto standard
SCADA as carrier Easily transportable
Accessibility Accessible and retrievable

1D McDonald, Substauon Mtegration and Aulemauon

Non-operational Data

Data file, collection of related data
Historical, trends over time
Proprietary and vendor specific
Difficult to transport

Difficult to access, manual retrieve

63 .
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— avoids progressive deterioration of
equipment, which ultimately leads to
equipment failure

+  Gas Monitoring:
— Pressure, temperature, density, alarm
— Insulation deterioration
— Detect early leakage
—  Prevent partial discharge and flashover

3. Circuit breaker monitoring:

* operational count and history
= time to break or close
* operation current

* contact wearing percentage

4. Load Tap Changer Monitoring:

* identify motor and mechanical problems
= verify proper operation

» identify contact wear

5. Bushing Monitoring:

s temperature

* leakage current

6. Substation battery:

« galarm

* charging current

7. IED monitoring and remote maintenance:

* operational history and data

¢ events, fault and waveform records
¢ device setting changes

* communication error logs

* setting history and update

4. THE BENEFITS OF USING
NON-OPERATIONAL DATA
FOR CONDITION
MONITORING 5.

The benefits of using non-operational data, in
combination with operational data, can be
significant to utilities engineers and managers.
With the ability to access data and information
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related to equipment conditions in real-time,
performing remote troubleshooting and
diagnostics without unnecessary travel to
remote sites, as well as analyzing and archiving
historical data, utilities can achieve many of the
following:

» avoiding catastrophic equipment failure
» reducing unplanned outages

« reducing outage frequency, durations and
revenue losses

*« implementing condition-based and
predictive maintenance

+ improving the effectiveness of maintenance
planning and work order issuances

» reducing spare parts inventory

» reducing cost and lead time of spare parts
purchase

+ taking corrective action instead of reactive
action

* implementing post-mortem analyses for
root cause identifications

+ empowering decision making, which is
faster and more accurate

* improving human rescurce utilization and
deployment

« optimizing asset and equipment life cycles,
hence better return on investment (ROI)

= right-sizing operation and maintenance
budgets

« facilitating business planning

« using data and fact-based justifications for
CAPEX, OPEX and resource planning

« improving safety, health and environmental

measures

= improving relationships with customers,
government regulatory organizations and
the general public

* reducing insurance premiums

ACQUIRING NON-
OPERATIONAL DATA

Many modern IEDs are capable of providing
both operational and non-operational data.
However, making this data available and
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accessible is often challenging. While most
operational data is available through SCADA
communication, non-operational data is
typically available only through a physical
connection to the TED maintenance port using
of vendor propnietary software to extract the
data. Such data access is time-consuming,
labour intensive, inconvenient, and therefore
often not used. Even if the data is available and
accessible, it is often not usable due to the
proprietary nature of vendor-specific devices
and software. Since most of this valuable data
exists in substation IEDs and sensors,
extracting and utilizing the hidden treasures in
the substation, will reap many valuable
benefits.

IED INTEGRATION

Acquiring operational and non-operational
data can be accomplished through IED
integration in the substation. According to
Newton-Evans Research Company, Inc.’s
report, more than 50% of substations are
equipped with IEDs. However, fewer than 50%
of these substation IEDs are integrated to make
the data accessible and usable. IEDs that have
valuable data for maintenance and asset
management include: RTUs, protection relays,
meters, fault recorders, event recorders, as well
as monitoring sensors of various types. Data
from IEDs should be integrated onto a common
platform in the substation to be further
processed, utilized and managed.

The following steps can be considered in the
integration process:

* define and rank data that has a high impact
on the business metrics

= assess existing 1EDs and sensors regarding
data availability

» review the need for additional IEDs and
SENSOrs

* examine IED communication capability

= identify communication protocols used and
their compatibility
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Figure 1 Integrated Substation Automation
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6.2

TED COMMUNICATION INTERFACE

Most substation [EDs are equipped with serial
or neiwork communication capability. Typical
legacy IEDs have serial communication ports
in the form of R$-232 or RS-485. Many IEDs
have more than one serial communication
channel. One can consider using one channel as
the real-time communication channel for
operational data and using the second channel
as a maintenance channel for non-operational
data. If an IED has only one communication
channel, then an IED with “inter-leave”
capability can be easily integrated. New IEDs
with Ethernet interfaces that make integration
much easier. High speed Ethernet local area
networks (LAN) in substations should be
considered in IED integration for handling
large amounts of data. Seral 1EDs should be
consolidated and converted to network
communication “capable” devices via data
concentrator, communication gateway,
terminal sever.

PROTOCOL SELECTION

Most IEDs communicate using protocol of
some form. For real-time operational data,
protocels are commonly used, and are a
mixture of vendor proprietary and open
protocols. In recent years, most IEDs support
open protocols such as DNP3.0 or IEC-60870-
5-101, 103 and 104. Industry standard de facto
protocol such as Modbus is also commonly
used. Attention should be given to ensure the
compatibility of protocols, or to consider using
data concentrators for protocol conversion. For
non-operational data, the data is made available
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in many ways, such as ASClI-based protocols,
datalink or file ransfers. “Virtual connection”
or “pass through” techniques can be used to
establish communication with IEDs using
manufacturer software to retrieve data and files
from the TEDs.

Figure 2 Non-operational Data via Virtual

Connection of Pass Through
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MULTIPLE DATA PATHS

It is necessary to use multiple data paths to
separate real-time operational data and non-
operational data. Operational data is real-time,
deterministic, mission-critical data, has the
highest priority and should not be interrupted
by non-operational data. Tn serial
communication, bandwidth is limited for such
high volume non-operational data transfers,
Also, using a SCADA control center to forward
or relay non-operational data unnecessarily
burdens the SCADA system and dispatch
operators. For network communication, the
same philosophy should apply to separate the
data into two LANs where there can be two or
more physical or viriual LANs in a substation.

Other reasons for separate communication
paths include: reducing nuisance alarms to the
SCADA control center, accessing security, as
well as other operational reasons. In general,
data paths for non-operational data is best be
separated from the SCADA system and
protection comununication paths.
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SUBSTATION SERVER PLATFORM

It is timportant to design a substation system
with a hierarchical architecture where data
paths, applications and equipment are clearly
defined. A substation server that incorporating,
data concentrator, communication gateway
features for IED integration is necessary in an
integrated substation system. In some cases,
multiple servers are used for different
applications such as condition monitoring and
maintenance, protection and control, as well as
SCADA and automation.

For condition monitoring and maintenance
applications, it is desirable to have a dedicated
integrated condition monitoring (ICM) server
platform. The substation ICM server is the
central platform for integrating all sensors and
centralizing all non-operational data within the
substations. In reviewing the use of a
substation server, the following should be
considered:

* the substation hardened server, designed
for embedded application with no moving
part

* is a true open system with cross-platform
capabilily (i.e. it runs on multiple hardware
platforms)

» functions as a substation server, data
concentrator, as well as communication
gateway

* is equipped with cyber security capability

= supports redundant failover system
architecture

* supports open and proprietary protocols

+ integrates multiple vendor IEDs

* supports both serial and network
communication

* has data collection and consolidation
capability

s has data-to-information conversion
capability

* has multiple user data distribution
capability

* supports virtual connection/pass through to
multi-vendor [EDs
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* supports data logging, data files and records
retrieval

* supports scheduled and event trigger file
retrieval

¢ has temporary data storage

« supports a GPS interface for

synchronization

= uses an application programming interface
{API) for third-party expert applications

INFORMATION PRESENTATION
AND VISUALIZATION

It is also important that the substation server is
equipped with an intuitive and user-friendly
graphical user interface {(GUI) or human-
machine interface (HMI). No matter how
comprehensive the system data is, only a
systern with a good HMI application will be
extensively used. Some of the HMI elements to
be considered are:

* embedded HMI integrated with the
substation server

* local graphical display in the substation
= remote graphical display and access

= web browser based

+ user configurable and maintainable

* object library and device ternplates

= configurable user/group privilege

= cyber security

« gase of use

SYSTEM SECURITY

As the number of users accessing the system
increases, it is necessary to implement security
measures to restrict and manage user access.
User activities logging and reporting should
also be included. Access security features can
be integrated in the substation server. It can
also be implemented at the enterprise level.
Each approach has its advantages and
disadvantages. Access authentication should
be implemented to secure all user access
portals including but not limited to access
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through SCADA, HMI, direct or virtual
connection to TED maintenance port, as well as
operating system level access.

Cyber securily features that should be
considered including:

* Definition for individual and group users
and privileges

»  Unique user names and passwords

*  User authentication

*  Access authorization

¢ Activity log and report

» Data encryption and secured file transfer
» Secured web browser

s Interface to enterprise security servers

» Capable of disable unused communication
ports and services

* User administration and management tools

Figure 3 Securing the Integrated Substation
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Regardless of security implementation at the
substation or enterprise level, centralized user
administrative tools and utilities software
should be considered for effective system
management.,

Network security features such as firewall as
well as procedural implementation are also
necessary securing the substation system.

Other techniques can also be considered. For
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instance, substation server can be used to
automatically acquire data or files from IEDs in
a scheduled or event driven manner. The data
and files are temporarily stored in the
substation server. The substation server can
then notify users and made data and files
available for retrieval through HMI and web
browser interface. This approach reduce direct
access to IEDs by users and therefore reduces
security risk.

Many utilities in North America is adopting the
NERC CIP (North America Electricity
Reliability Corporation, Critical Infrastructure
Protection) Standards in improving cyber
security in the utilities infrastructure. Utilities
in other regions and countries can also
reference the standards for bench marking.

CONCLUSION

In conclusion, by leveraging substation
automation projects and systems, IED
integration and non-operational data, utility
managers and engineers can greatly benefit
from many aspects of the utility business,
including:

* leveraging priceless data and information
* faster respond time

* empowering decision making

* reducing unnecessary trips to sites

* right-sizing resources, CAPEX and OPEX
* optimizing resource utilization

* optimizing asset utilization

* optimizing equipment operation efficiency

* optimizing system efficiency, reduces
energy losses and fuel costs

* maximizing return on assets (ROA) and
ROIL

= reducing unplanned outages
= reducing revenue losses
* facilitate operation and capital planning

* supporting and justifying budgets

SIEMENS
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* increasing earnings and profitability

* migrating to a Smart Grid

Since most substation [EDs in operation - such
as protection relays, RTUs, meters, sensors,
PLCs, event and fault recorders - already have
large amounts of non-operational data stored in
the IED, one can further leverage substation
integration projects to realize grealer value of
the existing equipment in operation. Additional
sensors for plant equipment monitoring and
diagnostics can also be introduced and
integrated into the same system for even
greater benefits.
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