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1. Project Overview

As an Executive Yuan directive to the National Science and Technology
Program-Energy, the Smart Grid and Advanced Metering Infrastructure General
Project and Strategic Planning will focus on renewable energy research and its
applications and is engaged in active development of alternative energy sources.
The project is also involved in research with special characteristics and
commercial value, the purpose of which is to transform Taiwan from a country
with virtually no energy resources into an alternative energy technology exporter
while gradually bringing the efforts in line with the country's energy conservation
and carbon reduction policies.

In order to effectively integrate domestic R&D resources, an overall
development strategy and approach has been formulated and specific and
coherent action plans have been proposed. The National Science and
Technology Program-Energy has invited Dr. Li-fu Lin of the Institute of Nuclear
Energy Research (INER), Atomic Energy Council (AEC); Professor Chin Pan,
Dean of College of Nuclear Science at National Tsing Hua University; Professor
Ta-Hui Lin, Chairman, Department of Mechanical Engineering, National Cheng
Kung University; and Professor F. J. Lin, Department of Electrical Engineering,
National Central University to participate in the planning of Taiwan's "Energy
Structure Improvement Principal Program" in clean coal technology, nuclear
energy technology, offshore wind power generation and smart grid, respectively.
Professor F. J. Lin serves as the chairman of the Smart Grid and Advanced
Metering Infrastructure General Project and Strategic Planning and is
responsible for the overall strategy development of smart grid and advanced
meter reading project and for subsequent promotion of the project as well as its
supervision and evaluation, with the purpose of achieving the objectives set by
the smart grid and advanced meter reading project. He is also responsible for
promoting and implementing the "smart grid and advanced meter reading"
sub-program under the energy conservation and carbon reduction sub-project of
the National Science and Technology Program-Energy.
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2. International Development Trends

A smart grid is an advanced electrical grid system that integrates power
generation, transmission, distribution and users. It possesses the advantages of
being automated and digitally enabled, capable of performing self-inspection,
self-diagnosis and self-healing. It provides high-reliability, high-quality,
high-efficiency and clean electricity and is able to meet the requirements of the
world's energy policy development and the improvement in reliability and quality
of power supply demanded by the society. On the other hand, it is possible to
bring in a large quantity of renewable energy via connected grids, combining
smart meters for demand side management, thus reducing CO2 emissions,
suppressing peak load and conserving energy. In response to future electrical
grid requirements, the European Union (EU Smart Grid), U.S. (Intelligrid,
GridWise, Modern Grid Initiative) and China have proposed smart grid
architecture and microgrid demonstration plans. Their main focus is to respond
to the trend that decentralized energy sources will become prevalent in the
future and power flow and allocation will be different from those of conventional
centralized power plants. The following provides a brief description of smart grid
development strategies adopted by countries around the world.
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(1) EU's smart grid promotion strategy

The EU is the principal market for the growth of renewable energy. Due to
the environmental policy of EU member states and the encouragement of market
development, the proportion of renewable energy and distributed power has
increased over the years across the EU. As a result, the EU gives priority to the
development of decentralized electrical power and advanced electrical grid
technologies. With respect to its electrical system characteristics and future
challenges, the EU aims to develop smart grid technologies that are flexible and
able to meet the requirements of its users at the same time when faced with
these challenges. Accessibility will be a feature of the new grids that facilitates
grid connection by participants, and it will be particularly favorable to power
generation with renewable energy and high-efficiency regional low-carbon power
generation equipment. Reliability in power supply can be improved, and regional
power resilience can be enhanced. In terms of economy, a fair competitive
environment will be created through innovation and performance management.
An electrical grid architecture integrating centralized and distributed power
sources is shown in Figure 1.
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Figure 1. Future grid structure of a virtual power plant integrating centralized and
distributed power sources
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The EU hopes that by constructing the smart grid a high percentage of
distributed power generation and renewable energy will be effectively
incorporated and a trading environment for power sources and electrical grid
services will be created. With respect to market liberalization, the EU aims to
establish technical standards and communication protocols to ensure system
compatibility and portability. A new generation of protocols, information,
computing and communications technologies are employed to enhance the
service functions and efficiency of the power trading system and to strengthen
services provided to the customers accordingly. In addition, it is necessary to
ensure a smooth transition of the interface design for the grid equipment of both
old and new systems.

(2) Smart grid development, planning and strategy in the U.S.

The U.S. is actively developing a modern electrical grid, as shown in Figure
2. The purpose is to integrate power facilities and intelligent equipment; The
required US$4.5 billion in funding is derived from the Recovery and
Reinvestment Act and legislative support from the U.S. Congress. The smart
grid development strategy and planning in the U.S. are summarized as follows:

I.  Enabling consumers' active participation: Through participation from
consumers and their choice of power sources, smart grids will undergo further
development, and bidirectional communication will increase the opportunity for
power plants and consumers to communicate with each other. Consumers will
also be able to know the type of power generation facility from which they
receive their power and the costs involved. From the perspective of power plants,
customer participation will allow them to obtain consumer information as
compensation for another type of resources required for additional power
generation. With assistance from customers, power plants will be able to provide
a more balanced power supply and demand with their own correctional
approaches and the purchase of electricity, thus making the grid more reliable.
II. Optimized asset utilization and system downtime prediction and
response methods: The smart grid will be able to employ sophisticated
technology to optimize important infrastructures such as power plants and power
substations. This advancement will allow more electrical power to flow through
existing facilities, while enabling power stations to understanding the needs of
other power plants more accurately. Operational improvements cover everything
from electrical load optimization to system loss reduction, the results of which
will reduce the cost of power plants and maximize the system's overall efficiency.
With constant self-assessment, the smart grid will not only be able to respond

quickly to power disruption but will also be able to prevent service interruption.
10
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[ll. Compatible with all possible power generation and storage devices:
The greatest success of the smart grid is its ability to be securely and seamlessly
integrated with all types of power generation devices — as large as a full-scale
central power plant and as small as a solar panel. Opportunities for distributed
power generation from connected grids are very important. As more and more
developed smart grids are adopted, distributed power sources will increase
rapidly throughout the value chain. They will result in a less expensive, more
reliable and more environmentally friendly power grid.

IV. Dynamic pricing: Current and emerging technologies enable consumers to
access the costs of generating the electricity that they consume every day. The
Advanced Metering Infrastructure (AMI) has made two-way data transmission,
distance measurement and regular billing much easier, allowing dynamic pricing
options to be available to customers with different needs (including those with
lower income). Dynamic pricing reflects the hourly changes in the cost of retail
electricity and provides customers with more detailed information requirements,
enabling them to manage their electricity expenses more effectively. There are
three dynamic pricing categories: (1) Just-in-time pricing; (2) Peak hour discount;
and (3) Critical peak hour pricing.

V. Incentives to power plants: The turnover rates of power plants have in the
past been calculated based on the quantity of power generated and the amount
distributed. This type of business models lacks incentives for energy storage by
any party involved, and does not provide proper motivation to the power plants
to engage in the communication of demand response, energy efficiency and
distributed power generation with others. Therefore, decoupling has been
proposed as a solution to this problem. As power plants are considered to be
risk-reduction enterprises, decoupling will lower their turnover rates. In reality,
decoupling actually reduces the taxes that customers would otherwise have to
pay. Too many power plants will result in customer surplus, but if there are not
enough power plants, customers will be charged a premium for excess use of
electricity. Decoupling has provided different groups (power plants, managers
and consumer advocates) with a transparent system of differential pricing.

12
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VI. Net electricity consumption: For consumers, net measurement solutions
are an incentive to encourage users to engage in distributed power generation. It
allows customers to offset their utility expenses with electrical power generated
from their own homes. Customers in certain U.S. states are able to obtain retail
electricity loans via electrical power that they produce themselves and no longer
need to purchase electricity from power plants.

% InteliGrid

Figure 2. Intelligent Grid is the integration of power facilities and intelligent
system equipment

(3) Mainland China's strategy for advancing robust smart grid
construction

The basic principles behind the promotion strategy for China's smart grid
system are unified planning and coordinated development. Coordinated
development of electrical grids at all levels: 6+1 concurrent planning and
concurrent construction. Overall objectives include employing ultra-high voltage
(UHV) grid as the backbone grid, coordinated development of grids at all levels
and the enhancement of the security, economy, adaptability and interactivity of
the grid with the robust national grid, which is characterized by its digitally
enabled, automated and interactive capabilities. As shown in Table 1, the overall
schedule and strategy for promotion are as follows:

14
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I.  Main tasks and priorities for 2010 are as follows: (1) Enhancing the
unified planning of the national grid: Special planning project such as main grid
planning and design, distribution grid planning, communications network
planning, and smart grid planning. Electricity demand forecasting and load
characteristics study, wind power consumption and development scale research,
large-scale energy base power transmission system planning and design and
other important topical studies. (2) Advancing key construction projects for the
main grid: UHV construction projects and preparatory tasks. Efforts to address
distribution network weaknesses: Distribution network investment, level of
technology and equipment, urban-rural grid construction projects. (3) Main tasks
for intelligence-enabling grid: Shanghai World Expo integrated smart grid
demonstration project, national wind and solar energy storage and transportation
demonstration project, intelligent communities and other pilot projects. Grid
intelligence-enabling should focus on handling each individual priority of the
process, developing application allocation and scheduling technology support
system, electricity consumption data acquisition systems, and enhancing
“‘multi-network integration,” electric vehicle charging and discharging stations, as
well as their research and applications. (4) Nationwide implementation of
uniform building standards: Corporate standards, industry standards, national
standards and international standards. (5) Enhancing the construction of smart
grid innovation systems: R&D bases and innovation. (6) Actively enabling an
environment conducive to grid development: Relationships internal and external
to the system.

[I. 2015: Preliminary completion of the robust national grid, with significantly
improved digitally enabled, automated, interactive capabilities and able to meet
the requirements for the input and transmission of large-scale renewable energy
sources. UHV and cross-regional grid power transmission capacity will exceed
240 million watts. Power supply capacity of distribution network, quality and
reliability are significantly improved. Metropolitan power distribution networks will
achieve a reliability rate of 99.915%. Integrated voltage qualification rate will be
99.5%, and rural grid reliability will be 99.73%. The overall power supply voltage
qualification rate will be 98.45%. Major breakthrough in key technologies and
equipment; wide adoption of smart meters; availability of electric vehicle
charging and discharging stations meet basic demand.

16
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[ll. 2020: Basic construction of robust smart grid completed. “Sanhua” will

be the receiving end and Northeast and Northwest will be the transmission ends,
connecting all major power generation bases in the robust grid structure. UHV
and cross-regional grid power transmission capacity will exceed 400 million
watts and will be able to meet the input requirements of large-scale conventional
power generation and 10-million watt-class wind farms as well as the power
consumption requirements from load centers. Grid resource allocation capability,
safety standards and operational efficiency as well as power grid and power
sources, and user interaction will be significantly improved.

Table 1. State Grid Corporation of China will implement the construction of the
smart grid in three phases

Phase 1 Phase 2 Phase 3
2009 - 2010 2011 - 2015 2016 - 2020
At the planning and pilot | During the full-scale In the enhancement
phase, priorities will be | implementation phase, | phase, the robust smart
the planning of the the pace of constructing | grid is basically
robust smart grid and UHV and urban-rural complete, and the grid's
the development of power distribution resource allocation
technical specifications | networks will be capability, safety
and standards, accelerated, and a standards and
research and preliminary smart grid operational efficiency as
development of key operational and well as power grid and
technologies and interactive service power sources, and
equipment, and system will be formed. user interaction will be
conducting Major breakthroughs significantly improved.
experimental work in will be achieved in
each segment of the crucial technologies and
project. equipment and

widespread adoption

will become a reality.
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3. Introduction to the Development of Smart Grid in Taiwan

In 2008, the Executive Yuan officially announced the adoption of the
Sustainable Energy Policy Guidelines, the purpose of which is to enhance the
principal strategies for "clean energy" on the energy supply side and "reduction”
on the demand side, enabling the country to transform itself into a green society.
In addition, the guidelines have established a number of targets for improving
energy efficiency, developing clean energy and ensuring a stable energy supply.
Refer to Figure 3 for details. With respect to improving energy efficiency, the goal
is to improve energy efficiency by at least 2% each year over the next 8 years to
lower energy intensity in 2015 by 20% compared with 2005; and by at least 50%
by the year 2025 via technological breakthroughs and support measures. In
terms of the development of clean energy, the guidelines call for increasing the
proportion of low-carbon power generation systems from 40% to at least 55% in
2025, and with respect to ensuring a stable supply of energy, the guidelines call
for the creation of a secure energy supply system satisfying the goal of 6%
annual economic growth over the next 4 years and US$30,000 per capita
income by 2015. It is foreseeable that as Taiwan continues to develop socially
and to undergo industrialization, overall demand for energy, the percentage of
electricity as the ultimate demand for energy, and the disturbance in the
electrical load curve will increase over the next few years. Coupled with factors
such as greenhouse gas emissions and the liberalization of electricity supply,
Taiwan's existing power systems are facing increasingly daunting challenges.
Therefore, how electrical, electronic and ICT technologies can be used to
enhance electrical power efficiency and the tolerance for renewable energy in
electrical grids, thus providing high-quality supply of electricity and promoting the
growth of domestic power industry as well as constructing a sustainable
electricity supply system, has become a crucial issue that needs to be
addressed by Taiwan's current energy policy.

20
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Sustainable Energy Policy Guidelines

Improve Energy Efficiency Develop Clean E

Improve energy efficiency by at 1. Nationwide reduction of
least 2% each year over the CQO2: emissions returning to
next 8 years to lower energy 2008 level between 2016
intensity in 2015 by 20% and 2020 and to 2000 level
compared with 2005; and by at by 2025.

least 50% by 2025 via 2. Increase proportion of low-
technological breakthroughs carbon in power generation
and support measures. systems from 40% to 55% In

2025.

Ensure Stable Energy Supply

Creating a secure energy supply
system satisfying annual 6%
ecanomic growth over the next 4
years and US$30,000 per capita
income by 2015.

.

Develop sustainable electrical power
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Figure 3. Strategy for the development of sustainable power supply systems
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(1) Challenges and issues to be overcome in promoting smart grid in
Taiwan

Taiwan's principal electric power systems are large-scale centralized plants,
with electricity generated mainly from thermal sources (including: fuel oil, coal
and natural gas) and nuclear fission (accounting for 96.5% of total power
generation), with a portion from hydropower and renewable energy (3.5%). Two
main characteristics of these systems are: large-scale generators and
concentrated load. Whether it is electricity generated by nuclear power, thermal
power or hydropower plants, the long distance between the plants and users has
necessitated the use of power transmission systems to increase the voltage for
transmission via power lines and ultimately transformed to be able to supply
power to end users. This causes substantial dissipation of energy. Moreover,
electrical loads in metropolitan areas and industrial regions are highly
concentrated, and the demand for electricity is growing rapidly. However, there
are obstacles in locating and constructing substations due to protests by local
residents, and centralized power sources are unable to deliver to the demand
end, resulting in regional power supply bottlenecks. In addition, the most critical
problem lies with the fact that the power transmission over enormous distances
and the interconnection of large grids make it difficult for systems to track the
rapid changes in load, and power disruption can easily spread through the grids
and paralyze the entire power system. Furthermore, the vast grids and
over-concentrated power plants are vulnerable to attacks, which is a national
security issue. Therefore, the supply of electrical power should follow the
principle of being "concerned not with scarcity but uneven distribution." In
addition, in consideration of national security and energy issues, the appropriate
introduction of distributed power generation sources and enhancing the
efficiency of power grids have become the country's policy and direction for
development. The majority of existing large-scale power plants are located in
remote areas and are far away from electricity demand centers. To order to
enhance power transmission capacity and to reduce transmission losses, it is
necessary to increase the voltage to facilitate long-distance transmission and to
make the electricity available for downstream use by reducing the voltage
according to power requirements.
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(2) Overall strategy for the development of smart grid in Taiwan

Taiwan's smart grid promotion and development framework is shown in
Figure 4 below:

Technolagy Advanced Smart power
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Figure 4. Taiwan's smart grid and energy ICT development and promotion
framework
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Taiwan's electrical manufacturing industry accounts for approximately 2.1%
of the overall manufacturing sector in terms of industrial output, which translates
to about NT$225.1 billion. However, because the domestic electrical industry
depends on the import of key technologies and components from abroad, their
products are less competitive with those produced by major international
corporations in terms of quality or cost. Following Taiwan's accession to the
WTO, the country's policy on manufacturing electrical products independently
has changed. It is therefore necessary for manufacturers in Taiwan to upgrade
their technologies or develop self-reliance in technological expertise. Taiwan's IT
and electronics industries have been growing at a rapid pace, which has resulted
in a shortage in conventional electrical technology talents. Coupled with the lack
of standard test platforms for the power industry and R&D platforms, the power
industry has hit a bottleneck?. As shown in Figure 5, currently Taiwan's
conventional power equipment industry produces over NT$50 billion in annual
output and employs a workforce of some 30,000. It is recommended that Taiwan
take advantage of the country's existing strengths in IT and electronics industries
and expand to include the electrical power industry, as well as to develop the
smart grid power equipment industry, other emerging electric power-related
industries and also service industries that are derived from them.

-
’

Demand for smart grids by advanced and developing countries
B Conventional power equipment industry:

Generators, motors, micromotors, ’

transformers, high- and low-voltage
switchgear, circuit breakers

Smart grid IT equipment industry:”
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s 5 Lt
’ ’ ’ 19'.8/‘ Smartgrid power equipment industry:

b'.“'m n High and low voltage singlephase smart meter
systems, intelligent substations, feeder
automation, Intelligent household energy

: } ' ; : : management sysl.?ms :
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Conventional electrical power industry T —

Smart grid Industry

Figure 5. Development potential of Taiwan's smart grid industry (Source: this

study)

% Electrical Industry Yearbook 2006, DOIT, MOEA, 2006.
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In response to international trends and the demand for the improvement in
the quality of power supply, users' desire for and participation in the information
regarding electrical power, the need for integrating the gradually increasing
distributed power sources, energy conservation and carbon reduction measures
due to climate change, as well as the continuous advancement and cost
reduction in information, communications and power electronics technologies,
Taiwan Power Co. assembled a team from relevant agencies and organizations
in 2006 to discuss the implementation of the country's smart grid and project
milestones. In addition, the guidelines for establishing a "Smart Grid Project
Committee" were finalized in June 2007. The guidelines provide a three-stage
plan for the implementation of Taipower's smart grid: short-, medium- and
long-term plans. The project itself will be carried out with four objective domains
as its guiding principles. Figure 6 depicts Taipower's priorities on smart grid
planning; those for power generation systems include: High-efficiency generator
systems with governor free, AGC (Automatic Generation Control) and APC
(Automatic Performance Control); introduction of supercritical steam power
systems, thermal power plant generator system and thermal power performance
monitoring system, and integrated renewable energy power generation. Power
transmission systems include: Wide-Area Monitoring (WAM) systems formed by
Phasor Measurement Unit (PMU), Visualization of monitored results, analysis
and update of Special Protection System (SPS) look-up table, fully digitally
enabled relay systems, introduction of automatic voltage control (SVR) systems
and static synchronous compensator (STATCOM), construction of new electrical
energy management system (TEMS), Flexible AC transmission systems (FACTSs)
and integration with communications technology. .With respect to power
distribution systems: Microgrid, substation automation, power distribution
monitoring system, distribution management system, feeder automation, voltage
and VAR integration and control, feeder and substation peak load management,
power equipment status monitoring, and real-time monitoring of circuit fault
indicators. On user's end: AMI, AMR, power outage and power rationing
management, integrated distributed power, renewable energy and electric
vehicle battery management. The system interoperability of smart grids is the
key to integration, including system interoperability requirements associated with
the integration of power outage management with other information systems,
system interoperability requirements of integration with large-scale distributed
resources and demand-side resources, and system interoperability requirements
associated with asset management systems.
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Figure 6. Taipower's priorities on smart grid planning (Source: Taiwan Power
Co.)
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(3) Promotion strategy for smart grid technologies in Taiwan *

The National Science and Technology Program-Energy and the Smart Grid
and Advanced Metering Infrastructure General Project and Strategic Planning,
begun in 2010, aim to integrate Taiwan's R&D resources in smart grid and
metering in an effective manner, to formulate overall development strategies and
implementation approaches, to propose specific and effective action plans, and
to achieve the vision of "Enhancing energy security, reducing greenhouse gas
emissions and supporting the development of the energy industry." In addition,
the projects also intend to foster the growth of the country's electrical equipment
industry and to help establish a high-quality, high-efficiency, user-oriented and
environmentally friendly electrical grid system. With respect to project
advancement, as indicated by Figure 7, the plan preliminarily calls for the
development of key technologies for the four pilot projects: microgrids, AMI,
advanced distribution automation and smart homes (buildings) power
management between 2010 and 2013, in addition to establishing relevant smart
grid and metering specifications as well as organizing an exhibition for the
results achieved in the pilot projects. Between 2014 and 2025: results achieved
in Phase 1 will be used to effect technology transfer and product
commercialization; introduction of electrical energy management system in
coordination with the completion of AMI (e.g. time-of-use pricing and demand
response); gradual adoption of the results from the microgrid and advanced
distribution automation pilot projects in Taipower's systems in coordination with
the company's power transmission and distribution plans; and the promotion of
smart homes (buildings) power management technology on a full-scale basis.

* F. J. Lin, "Concept Planning for National Science and Technology Program-Energy - Smart
Grid and Advanced Metering Infrastructure General Project and Strategic Planning," National
Science Council, the Executive Yuan, 2010.
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Figure 7. Summary of the technology development planning of Smart Grid
and Advanced Metering Infrastructure General Project and Strategic

Planning
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(4) Taiwan Smart Grid Industry Association

In order to ensure that the Smart Grid and Advanced Metering Infrastructure
General Project and Strategic Planning will be able to communicate effectively
with the industries described above, and that the industries will be able to
participate fully at the time of the project's implementation, systems vendors,
components suppliers and materials suppliers that are involved in the integration
of the Smart Grid and Advanced Metering Infrastructure General Project and
Strategic Planning and Taiwan's smart grid industry, as well as relevant
academic and research institutions, have founded the Taiwan Smart Grid
Industry Association. Figure 8, Organizational chart of Taiwan Smart Grid
Industry Association, serves as a communication platform between industries.

Judging from the country's overall employment and economic development
status, regardless of whether it is viewed from a short- or long-term perspective,
the construction of the smart grid will bring significant benefits. The GridWise
Alliance of the U.S. is set to begin a US$64 billion project, which will create
280,000 new jobs directly, of which approximately 140,000 are expected to be
permanent and are high value-added positions. Compared with conventional
centralized power generation equipment, the development of the emerging
smart grid industry will become Taiwan's new blue ocean for the country's
energy industries. At present, the majority of enterprises have individually
invested in the development of products associated with distributed power
sources and digital meters, and there is lack of system integration, which is not a
favorable situation for the products to join the international supply chain.
Therefore, we recommend that Taiwan enterprises should carry out
cross-industry integration, bringing together power electronics, electrical and ICT
industries in order to develop microgrid systems. In addition, they should
accumulate sufficient operational experience so that the smart grid industry will
be able to grow successfully and gain access to markets in advanced countries
or their supply chains. °

® Yan-hao Chen, Shi-lin Chen, Guo-zhong Ji, Chun-To Tso, "Current Development Status and
Strategy Recommendations for Microgrid Technology," Power Electronics, November 2009, pp.
48-67, No. 6, Vol. 7.
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Figure 8. Organizational chart of Taiwan Smart Grid Industry Association
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4. Project Description
(1) Vision and Objectives

The Master Plan of the Smart Grid and Advanced Metering Infrastructure
General Project and Strategic Planning aims to integrate Taiwan's R&D
resources in smart grid and metering in an effective manner, to formulate overall
development strategies and implementation approaches, to propose specific
and effective action plans, and to achieve the vision of "Enhancing energy
security, reducing greenhouse gas emissions and supporting the development of
the energy industry" in response to the power systems and challenges facing the
industry described above. In addition, the projects also intend to foster the
growth of the country's electrical equipment industry and to help establish a
high-quality, high-efficiency, user-oriented and environmentally friendly electrical
grid system. Initially the project calls for (1) utilizing power distribution
automation and microgrid technology to increase the percentage of
installed capacity of renewable energy with respect to total electrical
power installed capacity, so that by 2025 Taiwan's total domestic
renewable energy generating capacity will be increased to 10%, while
reducing carbon dioxide emissions by 20,000,000 tons; (2) Promoting the
adoption of home and building energy management in order to enhance
the power efficiency in the homes and buildings by at least 20% in 2015
compared with 2005 levels; (3) Developing key smart grid and metering
technologies, implementing distributed power generation systems capable
of producing 17.8GW between 2010 and 2025, thus creating a NT$120
billion per year market and at least 20,000 jobs. The size of the smart grid
market will be approximately NT$60 billion a year, with 10,000 new jobs
created annually. Refer to Figure 9. With respect to project advancement, the
plan preliminarily calls for the development of key technologies for the four pilot
projects: microgrids, AMI, advanced distribution automation and smart homes
(buildings) power management between 2010 and 2013, in addition to
establishing relevant smart grid and metering specifications as well as
organizing an exhibition for the results achieved in the pilot projects. Between
2014 and 2025: results achieved in Phase 1 will be used to effect technology
transfer and product commercialization; introduction of electrical energy
management system in coordination with the completion of AMI (e.g. time-of-use
pricing and demand response); gradual adoption of the results from the
microgrid and advanced distribution automation pilot projects in Taipower's
systems in coordination with the company's power transmission and distribution
plans; and the promotion of smart homes (buildings) power management
technology on a full-scale basis.
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Figure 9. Objectives of the Smart Grid and Advanced Metering Infrastructure
General Project and Strategic Planning

(2) Scope of Project

In coordination with the development of Taiwan Power Co.'s four objective
domains (grid security and reliability, power efficiency, customer service quality
and integration of distributed power sources), and for the purpose of effectively
integrating and realizing the technical research results derived from the annual
research plans of the smart grid and metering subprogram under National
Science and Technology Program-Energy as well as relevant government
technology projects, smart grid projects currently being demonstrated in China,
the U.S. and Europe will be consulted for the application aspects of the Smart
Grid and Advanced Metering Infrastructure General Project and Strategic
Planning. In addition, capabilities and requirements of Taiwan's industrial,
academic and research communities will also be taken into consideration for the
planning of the four pilot projects: Microgrid, Advanced Metering Infrastructure
(AMI), Power Energy Management System of Smart Home (Building) and
Research of Smart Grid and AMI-Advanced DAS pilot project, as shown in
Figure 10; In addition, more than 20 corporations have participated in various
pilot projects, which is conducive to the growth of Taiwan's overall smart grid and
metering technology industries. The development of relevant technologies is
summarized below:
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Figure 10. Application planning for the Smart Grid and Advanced Metering
Infrastructure General Project and Strategic Planning

l. Microgrid Pilot Project

The Microgrid Pilot Project aims to enhance the penetration rate of
renewable energy while enhancing system operational safety. Therefore it is
necessary to develop microgrid energy management and power control
technologies, including renewable energy power conversion systems equipped
with real and virtual power control, energy storage and full load control
technology, static switch power control equipment capable of operating
grid-connected and islanding modes in smooth switching, microgrid protection
and coordination design, and microgrid system simulation and electrical power
quality analysis. When combined with the development of energy management
system (EMS), the planning of automatic unloading/desynchronization/
synchronization control technologies will be completed in order to speed up the
construction of autonomous-control microgrid demonstration and testing
platform, thus effectively achieving the target of 20% penetration of renewable
energy.
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II.  Microgrid Pilot Project—Research on DC Smart Micro-Grid

The objectives of the Microgrid Pilot Project—Research on DC Smart
Micro-Grid are as follows: (1) Developing green power generation system based
on DC power supply systems, DC appliance load, energy storage equipment
and hardware/software for monitoring systems; (2) Formulating DC microgrid
specifications and establishing DC power supply system operational and
management mechanisms, testing standards and implementation procedures; (3)
Training seed instructors, promoting green energy concept and implementing
the use of technology in product development by the industry; (4) Implementing
30 kW-class green energy DC microgrid test system as the test bed for gaining
access to domestic and overseas markets for green education, energy policy
and relevant products from the green industry, thus helping to advance the
growth of the industry and to foster the development of innovative products.
Long-term goals include the establishment of 100 kW-class and MW-class
demonstration systems at National Chung Cheng University, and conducting an
in-depth study on the feasibility of high-percentage (> 50%) green energy power

supply.

[ll.  Advanced Metering Infrastructure(AMI) Enhancement Project

The objectives of the Advanced Metering Infrastructure (AMI) Enhancement
Project include: (1) Patent positioning; developing at least 3 patents per year and
forward-looking technologies; (2) Providing support for at least one vendor in
acquiring overseas smart meter-related sales; (3) Providing leadership emerging
energy services such as intelligent energy monitoring and analysis; (4)
Developing smart meter communications specifications to facilitate the
development of intelligent home energy management services; and (5)
Developing AMI meter provisioning procedures and guidelines as well as
deployment tools to reduce the cost and time for large-scale AMI meter
deployment; Long-term objectives include (1) Developing forward-looking AMI
technologies to address the five major challenges facing the AMI, thus allowing
the domestic industry to develop competitiveness in the global markets; (2)
Conducting real-time demand forecast via the estimation of renewable energy
power generation capacity and user load trend models, as well as carrying out
demand allocation for renewable energy, electricity storage devices and
commercial power supply in order to enhance energy efficiency.
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IV. Research of Smart Grid and AMI-Advanced DAS pilot project

The objectives of the Research of Smart Grid and AMI-Advanced DAS pilot
project include: (1) Constructing the ADAS demonstration system to provide the
industrial, academic and research communities with a platform for the
development of key components for smart distribution networks and monitoring
system testing and validation; (2) Developing intelligence-enabled components
and main station applications to enhance the domestic industry's
competitiveness in international markets; (3) Expanding the management of
service failure restoration to bifurcation lines and user end based on the FDIR
functions of Taipower's existing DAS trunk, thus improving the technical level of
Taiwan's smart distribution network; (4) Incorporating distributed power sources
into ADAS system monitoring in response to the adoption of distributed power in
the domestic market so as to increase the connection capacities of PV and WG;
(5) Developing integrated distribution system equipment management systems
to reduce the impact of the connection of PV and EV on the power supply
system.
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V. Leading Project on Power Energy Management System of Smart Home

(Building)

The objectives of the pilot project include: (1) Designing electricity rates that
are appropriate for Taiwan, and increasing users' incentives for carrying out
demand side management; (2) Selecting a suitable network topology to form an
intelligent home energy management network by connecting the load from home
appliances, sensor modules, small renewable energy power generation systems
and energy storage systems via communication modules and control interface;
(3) Developing a real-time forecasting, load-pattern analysis and intelligent home
energy optimization and management systems to help users gain access to
electricity consumption information and to reduce power consumption; (4)
Assessing existing technical standards and proposing new technical standards
applicable to Taiwan in order to provide the basis of reference for government's
future formulation of specifications, thus establishing a connection between this
system and the industry; (5) Coordinating with the industry's search for existing
components, developing and integrating control circuit chip, communications
interface and load control interface in order to shorten development time and
enhance competitiveness in the markets. Medium- and long-term objectives
include: (1) Providing assessment of the cost-effectiveness of the system
through the experience in physical implementation and research on related
technical specifications on pricing policy as well as fostering the connection with
the industry to create commercial opportunities; (2) Increasing energy efficiency
while achieving the results of energy saving and carbon reduction, as well as
helping the electrical power industry to reduce investment costs and electricity
customers to reduce utility expenses, so as to become a positive force for
national and economic development as well as in environmental protection.
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(3) Project structure

In addition to planning the smart grid and metering subprogram under
National Science and Technology Program-Energy and the direction for its
research, the Smart Grid and Advanced Metering Infrastructure General Project
and Strategic Planning must also incorporate the relevant 5-year (2010-2015)
smart grid and metering projects implemented by government agencies (e.g.
Bureau of Energy, ITRI and INER) and Taipower, and it is a mission-oriented,
joint-ministerial coordinated project with a matrix structure. Refer to Figure 11 for
details. Currently the Ministry of Economic Affairs has completed the master plan
for Taiwan's smart grid (2011-2030). Going forward, agencies within MOEA are
expected to assume a leading position in the development of smart grid within
Taiwan, so that the research results of the National Science and Technology
Program-Energy and its benefits can be maximized.

Results of
technical
research will
be combined
; with
(TestBed applications

Leading Project on Power

Advanced Metering Energy Management Research of Smart Grid and

Infrastructure(AMI) System of Smart Home AMI-Advanced DAS pilot
Enhancement Project (Building) project

Principal project
Planning team

Principal project

Leader Office

Tachnical
aspact

Microgrid
Pilot project

Power quality

Power transmission control

Distribution automation

Microgrid control

AMI and ICT

=

Electrical energy
management and demand
respense technologies

Power electronics
Regulations and standards ‘
Figure 11. Smart Grid and Advanced Metering Infrastructure General
Project and Strategic Planning matrix organizational structure
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5. Main Project Implementation Results
Major results from the implementation of the project to date are described
individually as follows:

(1) Organization and participation of seminars

I.  Participation in the "2011 Taiwan Smart Grid Technology Industry Forum" on
March 28, 2011. In this forum, members from the academic and industrial
communities discussed the current status of the implementation of smart grid as
well as its R&D focus; the forum has a major impact on the development of
Taiwan's smart grid technologies.

[I.  Organized the smart grid standards meeting on May 9, 2011, in which
issues related to Taiwan's smart grid technology development were discussed,
which produced a significant impact on the industry.

[ll. Organized the "National Science and Technology Program-Energy: Smart
Grid and Advanced Metering Infrastructure General Project and Strategic
Planning Intelligent Transmission and Distribution Network Technology Forum,"
held at the National Science Council, on August 5, 2011; discussed three areas
of research requirements with Taipower: smart grid transmission network wide
area measurement, power transmission system quality monitoring technology,
and electric vehicle power replenishment management strategies, which
provided substantial contributions to the joint project with Taipower and has been
instrumental in promoting the Smart Grid General Project and Strategic
Planning.

IV. Participated, from August 8 to October 26, 2011, in the "Taiwan Smart Grid
Master Plan" organized by the Bureau of Energy, 2 discussion sessions and 8
committee meetings, and discussed issues associated with the overall planning
of Taiwan's smart grid with ITRI and Taipower, the results of which have had a
great impact.

V. Participated in the "Smart Grid Forum" organized by the Bureau of Energy
on August 26, 2011. The project leader, Professor F. J. Lin, delivered a report on
the implementation status of the Smart Grid and Advanced Metering
Infrastructure General Project and Strategic Planning, and he also discussed
smart grid security issues, analysis of standards and specifications as well as
planning of applications with scholars from home and abroad and with experts
from the domestic industry. The discussions have made significant contributions
and impact.
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(2) International cooperation

I.  Participated in California Institute of Technology's "Taiwan - Caltech Energy
Workshop" held between February 24 and February 25, 2011, and invited
Caltech professor Steven Low to visit Taiwan from June 10 to June 15, 2011.
During the visit the guest was introduced to Taiwan's smart grid development. In
addition, the latest ICT technologies as applied to smart grid were also
presented to academia and a joint international cooperative project with
Professor F. J. Lin on smart grid-related technology and forward-looking
research has also been initiated to advance the international bilateral
cooperation between Taiwan and Caltech.

[I. On April 10, 2011 Dr. Li Ruomei of the Chinese Society for Electrical
Engineering signed a memorandum of cooperation with TSGIA Secretary
General Dr. Chun-To Tso in Beijing. The agreement serves to establish a
platform for cross-strait exchange on smart grid technology and both parties
agree to organize cross-strait smart grid exchange conferences on a regular
basis (on July 25, 2011 a cross-strait smart grid technology industry forum was
held).

In addition, a delegation of Taiwan's smart grid industry participants led by
TSGIA Secretary General Chun-To Tso in late September 2011 visited the State
Grid Corporation of China, the State Power Economic Research Institute, China
Electric Power Research Institute and State Grid Equipment Corporation, and
the delegation also participated in a seminar for large-scale energy storage
technology development and paid a visit to the State Grid's ICT smart grid
exhibition. The two sides conducted discussions on potential areas of
cooperation, including smart grid standards and specifications common to both
Taiwan and mainland China, feasibility of joint implementation of microgrid
demonstration projects, promotion of cross-strait cooperation in smart grid
industry projects, cooperation in the high-voltage DC on-grid engineering
industry and the research on smart grid pilot demonstration project evaluation
models.

[ll.  OnJuly 1, 2011, at the international event with Ontario Delegates' visit to the
TIER smart grid, which was organized jointly by TSGIA and the Canadian Trade
Office in Taipei, discussions were held on the latest development of Canada's
smart grid and opportunities for cooperation. Participants included eCAMION,
Canadian Trade Office in Taipei, the Government of Ontario, ITRI, Archmeter,
Fortune Electric, Tatung, Metrologies Enterprise, Billion Electric, Chunghwa
Telecom and TIER.
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IV. The "2011 Cross-Strait Smart Grid Technology Industry Forum" was held on
July 25, 2011, in which discussions with scholars and industry experts from both
sides of the Taiwan Strait on the latest development, strategies, applications and
focus of research of smart grid technology were held. In addition, views on
cross-strait technological development and cooperation were also exchanged,
which have had significant contributions to and influence on cross-strait smart
grid development.

V. Visited Europe on a learning expedition on the region's smart grid
demonstration projects from August 10 to August 18, 2011 to gain a better
understanding of overseas technological developments and to collect and
update information on the status of development and strategies of smart grids
and metering technologies in other countries, as well as to provide support to
Taiwan's industry in the development of strategies for addressing future smart
grid requirements.

VI. Participated in the "Joint Third Session of TSGIA's First Members' General
Meeting and Taiwan-UK Smart Grid Technology Industry Exchange Forum" on
November 14, 2011, which was sponsored by the Taiwan Smart Grid Industry
Association.

VII. Participated in the 2011 Taiwan-US S&T Workshop for International
Collaborate Research held on November 14, 2011.

(3) Promotion and Guidance

Provided support to the Ministry of Economic Affairs on October 5, 2011 on
the estimation of Taiwan's industrial output in the smart grid's Master Plan
between 2011 and 2030. The MOEA planned to propose the country's smart grid
Master Plan by the end of November, and this project has provided estimates on
Taiwan's smart grid power generation and allocation, intelligent transmission,
intelligent distribution and intelligent users, as well as the domestic and overseas
smart grid industrial output from 2011 - 2015, 2016 - 2020 and 2026 - 2030. In
addition, as smart appliances are potentially an important avenue for Taiwan's
industrial development, assistance in estimating the production output in this
area has also been provided. All results of estimation are slated to be included in
the smart grid Master Plan proposed by the Bureau of Energy.
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(4) Promotion of the Smart Grid and Advanced Metering Infrastructure
General Project and Strategic Planning

Fostered the joint participation from the following corporations in Taiwan in
the development of power distribution automation, advanced metering
technology, intelligent home (building) power management and microgrid pilot
demonstration as well as established cross-industry systems integration
technology: Delta Electronics, Chung Hsin Electric & Machinery, Tatung,
Chunghwa Telecom, Moxa, AIDC, CAEC, Allis Electric, Hsiang Cheng Electric,
Controlnet, Minimalist technology, Teco, Hejia Technology, Taiwan Panasonic,
Microtime Computer, Allis Electric, Spirox, Netvox, Megawin Technology, AcBel
Polytech, Archmeter, Billion Electric and UBEC. Active investments by the
industry are underway.

(5) Development of smart grid standards and technology exchange

Called on 28 corporations, research institutions and certification bodies,
including smart grid-related listed or OTC-traded industry participants in Taiwan,
lll, ITRI, Taiwan Power Research Institute, INER, Chung-Shan Institute of
Science and Technology, TIER, Taiwan Electric Research & Testing Center and
Electronics Testing Center Taiwan (ETC) to establish the "Taiwan Smart Grid
Industry Alliance," which will be responsible for proposing applications from
recognized standardization bodies and completing the analysis and inventory
checking of the development status of smart grid-related specifications and
standards, as well as joining the Smart Grid Interoperability Panel (SGIP)
established by the U.S. National Institute of Standards and Technology (NIST).

62



A WLERFHZEARUPENEL TARRERIAFLRR

(=) REER R LEAF

"tk Ap 2 Rl B (PMU) & A AL AR R R} A(WAMS)J ™ 35 4 A7
EWTereh # 2 £ R P2 - 22342 QW%WM@ ERTY SN ES
TIPSR E R 7ﬁaﬁmﬁiﬁ*ﬂﬁinf CRR R SIES ]
FERCBREH AN PR FE TSR, RRARERE B fﬁ”f"‘ﬁ;fl;“
f“%ﬁﬁ°f—“m’A%%ﬁm%—i%%ﬁ% R 0 B AT R B

AFEELAVL LRI BRHETRELTHIER L < -

(2) BT A%T EFELRFLFRERY £EUFE

PP ERTETRART AATS STERMFLFRERT 26 0 A
EHRZFERS R AR RERAS LTS PRI FRELFI S
EEFMLF RO R DRBPHIR 2 F e STENTHEFTHLR
FEITELS R, E T -2 m’%ﬁ?@ﬁﬁﬁigﬁﬁﬁ@ﬂﬁ%
B/ AR R L Gk RGBT BT

’3

63



(6) Three additional new pilot projects in 2012 in coordination with
Taipower's requirements on transmission and distribution research

[. Initiatives of Advanced Applications of Wide-area Measurement System
(WAMS)

Wide Area Measurement System (WAMS), an application technology based
on phasor measurement unit (PMU) is one of the most important technologies
required for an intelligent power transmission network. The main task of the
project involves the development of advanced WAMS applications, including the
online monitoring of transmission line impedance parameters, dynamic online
monitoring of transmission line rated thermal capacity, online measurement of
generator system model parameters, special protection systems, dynamic event
positioning and islanding detection in power systems, etc., which are functions
that are required for intelligent transmission networks. On the other hand, this
project intends to develop a real-time, automatic monitoring network that is
capable of proactively gaining access to all possible threats that could endanger
the ultra-high voltage transmission lines and overhead transmission towers via
the use of wireless monitoring technology.

II. Development and Applications of Power Quality Monitoring Techniques for
Electric Power Transmission System

With respect to the development and application of power quality monitoring
in smart grid power transmission systems, the project explores the realization of
wide area power quality measurement techniques with advanced intelligent
power quality analyzers, realization of grid monitoring mechanisms that identify
and rectify incidents resulting in power quality problems, and the integration of
power quality monitoring data, database design and real-time power quality
signal subdividing methods. On the other hand, optimal planning of the
installation of voltage regulators/capacitors/static VAR compensators/renewable
energy on the electrical grid will be carried out to improve power quality.
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[ll. A Pilot Project on Strategic Power Supply Management for Electric Vehicle
Charging

The principal task of this project is the analysis of the impact of electric
vehicle charging stations on the operation of power distribution systems in the
future. Simulation of electrical systems is employed to construct an impact
evaluation environment that satisfies the requirements of likely future scenarios,
providing an accurate and effective analysis of the impact and benefits of G2V
and V2G. On the other hand, the project intends to develop high-performance
electric vehicle charging stations and to employ smart meters to monitor the
quality of power supplied by these stations. Intelligent transformers and chargers
at the charging stations are administered through an appropriate
communications framework in order to achieve mutual coordination between
chargers, as well as to carry out optimal power management of the stations by
providing further consideration to demand response and time-of-use pricing
mechanisms. The project also includes the research and testing of the Virtual
Power Plant of the power distribution system in the future.
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