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Preface Introduction

The manufacturing industry is the mainstay of the real
economy, the backbone of the national economy, the material
foundation for national security and people's happiness and
well-being, and the main battlefield for China's economy to
achieve innovation-driven, transformation and upgrading. World
Bank statistics show that since 2010, China's manufacturing
value added has exceeded that of the United States for five
consecutive years, becoming a major manufacturing country,
and some advantageous fields have reached or approached the
world's advanced level. However, compared with developed
countries, there is still an obvious gap between the innovation
capacity, overall quality and competitiveness of China's
manufacturing industry, which is large but not strong. Therefore,
to realize the transformation from a big manufacturing country to a
strong manufacturing country is a major strategic goal that
China's manufacturing industry should strive to achieve in the new
period.

To facilitate this historic transformation, the State Council

organized the preparation and implementation of the 2015

On May 8, the "Made in China 2025" was officially released,
making an overall plan for the transformation and upgrading of China's
manufacturing industry and leapfrog development, proposing a "three-

step" strategic goal for China's manufacturing industry to become



stronger, clarifying the strategic tasks and priorities for building a
strong manufacturing country, and being the first ten-year action
programme for the implementation of China's manufacturing
power strategy.

The manufacturing industry covers a wide range of areas,
and in order to ensure that in ten years' time, by 2025, it will be
a manufacturing power, we must adhere to the overall promotion
and key breakthroughs. The Made in China 2025 focuses on the
major needs of economic and social development and national
security, and selects 10 major advantages

The aim is to achieve international leadership or advanced
international level by 2025. The ten key areas are: new
generation information technology industry, high-
grade CNC machine tools and robots, aerospace
equipment, marine engineering equipment and high-
tech ships, advanced rail transportation equipment,
energy-saving and new energy vehicles, electric power
equipment, agricultural equipment, new materials,

biomedicine and high-performance medical devices.



In order to indicate the development trends and priorities of the ten

key areas and to guide the creation of enterprises

For the new activities, the National Advisory Committee for the
Construction of a Strong Manufacturing Country has organised the
preparation of technology roadmaps for these areas, which are
summarised in a booklet called *Technology Roadmaps for
Key Areas of Made in China 2025°" As the cover is green, it
can also be called the *Green Book on Technological
Innovation in Key Areas of Made in China 2025°*

The preparation of the technology roadmap was launched in
mid-April 2015, mobilizing 48 academicians, more than 400
experts and senior management of relevant enterprises to
participate, and extensively collecting opinions from enterprises,
universities, scientific research institutions and professional
societies and associations. For example, the technical roadmap
preparation group in the automotive field, organised by the
Chinese Society of Automotive Engineering, involved 89 experts
from the China Association of Automobile Manufacturers, key
enterprises, universities and scientific research institutions in
the discussion and preparation work, and fully discussed the
direction and development path of energy-saving vehicles, new
energy vehicles and intelligent networked vehicles, formed a
basic consensus and drew up a technical roadmap. 10 key
areas The technology roadmap has been widely consulted and

drafted six times, and was submitted to the first meeting of the



National Advisory Committee for the Construction of a Strong
Manufacturing Country for discussion and adoption on 25 August
2015. It was submitted to the first meeting of the National Advisory
Committee for the Construction of a Strong Manufacturing Country
on 25 August 2015.
The""Teddyx«dkdoogyvRcoechk Y ao
*xKey Areas of Made in China 2025°° is thhe
crystallization of the collective wisdom of academicians and
experts who participated in its preparation, and is a scientific,
forward-looking and strategic advisory report with very important
reference valuebelease of the "Technology Roadmap®® can
guide the majority of enterprises and scientific research,
education and other professional institutions to determine the
direction and focus of development on the basis of full market
research and prudent consideration of their own conditions
and characteristics; it can also guide financial investment
institutions to use the financial means at their disposal to

support research and development.



enterprises and projects that develop, produce and use the products and

technologies listed in the Technology Roadmap.

@arket and social resources to effectively focus on the
country's strategic priorities. "The Technology Roadmap can
also provide advice and reference for government departments
at all levels to support the development of key areas.

In view of the rapid pace of technological development
and market changesthe Technology Roadmap will be
revised on a rolling basis every two years, in the hope of
providing reference and guidance to the community to keep
abreast of the times.

Thank you for the efforts and contributions of all the
comrades involved in the preparation work! Thank you to the
governments at all levels and to our colleagues in industry and
academia for their full support! We hope that the release of this
Technology Roadmap will play an important role in the
implementation of Made in China 2025 and the breakthrough

development of the ten key areas.

National Advisory Committee on the
Strategy of Building a Strong Manufacturing
Country

%ﬁq AN

29 September 2015
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I. New Generation Information Technology Industry

1.1 Integrated Circuits and Special Purpose Equipment

An integrated circuit is a circuit with a specific function that is made
by integrating a large number of electronic components through a
semiconductor process. This roadmap mainly covers integrated circuit
design, integrated circuit manufacturing, integrated circuit testing and
packaging, key equipment and materials, etc.
1.1.1 Demand
Global IC market size of approximately $292 - 328 billion between 2011 and 2015
USS$, at a CAGR of 4%; approximately 3280 - 4000 between 2016 and 2020
This represents a CAGR of 4% and approximately US$400 - 537.5
billion between 2021 and 2030, representing a CAGR of 3%.
China's IC market size is approximately $84 - 118 billion between 2011 and 2015
USS$, at a CAGR of 12%; approximately 1180 - 1734 between 2016 and 2020
This represents a CAGR of 8% and approximately US$173.4 - 244.5
billion over the period 2021 to 2030, representing a CAGR of 3.5%.
China's IC market will account for 36% of the global market in 2015,
rising to 43.35%in2020and 46% by 2030, making it the world's largest IC
market. China's local IC production value is expected to reach
US$48.3 billion in 2015, meeting 41% of the domestic market demand;
US$85.1 billion in 2020, meeting 49% of the domestic market demand;

and US$183.7 billion in 2030, meeting 75% of the domestic market



demand.
From the above data, we can see that meeting the domestic market demand
and enhancing the self-sufficiency rate of IC products, while meeting national
security needs and capturing strategic product markets, are always the

greatest needs and driving forces for the development of the IC

industry.



1.1.2 Objectives

Facing the two needs of national strategy and industrial
development, we will focus on developing the IC design industry,
accelerating the development of the IC manufacturing industry,
upgrading the development of the advanced packaging and testing
industry, and breaking through key IC equipment and materials.

By 2020, the gap between the IC industry and the international
advanced level will be gradually narrowed, the average annual growth
rate of the industry's sales revenue will exceed 20%, and the
sustainable development capability of enterprises will be significantly
enhanced. By 2020, the IC design technology in key areas such as
mobile smart terminals, network communications, cloud computing,
Internet of Things and big data will reach the leading international
level, and a preliminary industrial ecosystem will be formed. 16/14nm
manufacturing process will achieve mass production, packaging and
testing technology will reach the leading international level, key
equipment and materials will enter the international procurement
system, and a technologically advanced, safe and reliable IC industry
system will be basically built.

By 2030, the main links of the IC industry chain will reach the
international advanced level, and a number of enterprises will enter

the international first tier and achieve leapfrog development.



1.1.3 Development focus

1. Integrated circuit design
(1) Server / Desktop CPUs
Single/Dual Core Server/Desktop CPUs, Multi-Core Server/Desktop
CPUs, Multicore Server/Desktop CPUs
(2) Embedded CPUs
Low-power high-performance embedded CPUs, low-power multi-core
embedded CPUs, ultra-low-power multicore embedded CPUs

(3) Memory



Random memory (DRAM) and embedded random memory (eDRAM) flash

memory

(Flash) and 3D flash memory (V-NAND Flash)
(4) FPGAs and Dynamic Reconfiguration Chips

FPGAs (Field Programmable Logic Arrays) Dynamically Reconfigurable

Platforms

(5) Integrated Circuit Design Methodology

SoC (System-on-Chip) design, ESL (Electronic System Level) design, 3D-IC

design
2. Integrated Circuit Manufacturing
(1) New Devices
HK Metal Grids and §6eSCStress, FinFETs (Fin Field Effect
Transistors) Quantum Devices
(2) Photolithography
Double exposure, multiple exposure, EUV (extreme ultraviolet
lithography) electron beam exposure, 193nm photoresist, EUV
photoresist
(3) Materials and complete technology

65-32nm photomask materials and complete sets of technologies, 20-14nm

photomask materials and complete sets of technologies
3.Integrated Circuit Packaging
(1) Flip-chip technology

Large area flip chip ball array packages



(2) Multi-chip packages

Two-chip packages, three-dimensional system-level packages (3D SIP)

multi-element integrated circuits (MCO)
1.1.4 Major equipment and key materials

1. Manufacturing equipment



90-32nm process equipment, 20-14nm process equipment, 18-inch process

equipment
2.Photolithography

Onmlithography,immersion lithography, EUV lithography
3.Manufacturing materials

65-32nm process materials, 22-14nm process materials, 12/18" wafers
4.Packaging equipment and materials

High-density packaging high-end equipment and supporting materials, TSV

manufacturing part of the key equipment and materials

1.1.4 Strategic support and assurance

1. According to the needs of industrial development, gradually
expand the scale of the National IC Industry Investment Fund or set up
the second and third phase funds.

2.Strengthen the synergy of existing policies and resources,
such as: IC R&D special projects, national science and technology
major projects in supporting common technology research and
development, and national IC industry investment funds to support
industrialisation development, these resources should strengthen
synergy and form a synergy.

3. Strengthen the training and introduction of human resources and

enhance support for the construction of microelectronics disciplines.

4. Develop policies for the introduction, digestion and absorption of

technology and provide support.



5. Establish a linkage mechanism for the protection of intellectual

property rights.
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1.2 Information and communication equipment

The information and communication equipment industry
refers to systems and devices that use electronic computers
and modern communication technologies to acquire, transmit,
store, process and apply information. This roadmap mainly
includes wireless mobile communication equipment, new
generation network equipment, high-performance computers
and servers (including general-purpose central processing units
(CPUs) storage devices), etc., and does not include other
information and communication products and services.

1.2.1 Demand

With the continuous growth of mobile internet, internet+,
information consumption, internet of things and other businesses,
and the deepening integration of informatization and
industrialization, the demand for information and communication
equipment will continue to grow in the long term.

(1) Wireless mobile communications: According to the
International Telecommunication Union (ITU), in 2014, the
number of mobile subscribers reached 7 billion worldwide,
including 2.3 billion mobile broadband subscribers and 2.3 billion
mobile

Annual shipments of 2.16 billion mobile terminals and machine-to-machine
(M2M) terminals



The market for mobile communication system equipment is

approximately US$40 billion, with 250 million units. According to

ITU, Gartner and others forecast: 72 mobile subscribers worldwide by
2020

The number of mobile broadband subscribers will reach 4 billion,
the annual shipment of mobile terminals will reach 3.2 billion, the
annual shipment of M2M terminals will reach 2.4 billion, and the
mobile communication system equipment market will reach
US$52 billion; by 2025, the number of mobile subscribers will
reach 7.5 billion worldwide.
The number of mobile broadband subscribers will reach 5.5
billion, annual shipments of mobile terminals will reach 4.2 billion,
annual shipments of M2M terminals will reach 6 billion and the
mobile communications systems equipment market will reach
US$64 billion.

(2) Next Generation Networks: The global optical
communications equipment market was $14.1 billion and the
router and switch market was $15.3 billion in 2014. According

to Gartner



The China Academy of Information and Communication Research and

others estimate that by 2020, the global optical communication equipment

The market size of the market will be $18.2 billion for the backup and

$23.6 billion for routers and switches

billion; by 2025, the global optical communications equipment market will
reach $22.7 billion.

The market for routers and switches will reach US$33.8 billion.

(3) High Performance Computers and Servers: In 2014,
the global market for high performance computers was $11 billion
and the annual global server shipments reached 9.2 million units.
According to IDC and other organizations forecast: by 2020, the
global high-performance computer market size is $16.5 billion,
the global server annual shipments will reach 12 million units; by
2025, the
Annual global server shipments will exceed 15 million units.

1.2.2 Objectives

1.2020 Target

The technology and industrial capacity of the information
and communication equipment industry entered the ranks of
world powers and formed a more complete industrial system
and innovation system.

(1) Wireless mobile communications: become one of the

leading players in international standards, technologies and



industries for the fifth generation of mobile communications (5G),
maintain the first position in the international wireless mobile
communications system equipment industry and enter the first
position in the international mobile terminal industry. The
domestic market shares of domestically produced (excluding
Taiwanese enterprises, the same below) mobile communication
system equipment, mobile terminals and mobile terminal chips
are expected to reach 75%, 75% and 35% respectively, while the
international market shares are expected to reach 35%, 25% and 15%
respectively.

(2) New  generation network: domestic  optical
communication equipment will continue to maintain the first market
share in the international market, and the international market
share is expected to reach 50%; the international market share

of domestic routers and switches is expected to reach 20%.

(3) High Performance Computers and Servers: Domestic High

Performance Computers and Servers Country



The international market share is expected to reach 30% and the domestic

market share is expected to exceed 60%; the domestic high

The overall performance index of end servers is comparable to that of
international advanced products and has been applied on a large
scale in key areas such as finance, telecommunications and smart
cities in China; domestic high-performance computers continue to
maintain a leading position in the world; branded servers with
domestic CPUs have achieved industrial application.

2.2025 Objectives

The information and communication equipment industry
system has become more complete, its innovation capability
and overall strength have been greatly enhanced, and the
comprehensive strength of the industry ranks among the
forefront of world powers.

(1) Wireless mobile communications: China's mobile
communications system equipment, mobile terminal and mobile
terminal chip industries have all entered the international first
camp. The domestic market shares of domestic mobile
communication system equipment, mobile terminals and mobile
terminal chips are expected to reach 80%, 80% and 40%
respectively, while the international market shares are expected to
reach 40%, 45% and 20% respectively, and mobile communication

test instruments have achieved domestic leadership and

14



breakthrough in the international market.

(2) New generation network: the international market share of
domestic optical communication equipment is expected to reach 60%,
and key components of optical communication equipment have
achieved a breakthrough in localisation. The domestic router and
switch industry entered the international first camp, and the
international market share is expected to reach 25%.

(3) High-performance computers and servers: the share of
domestic high-performance computers and servers in the
international market is expected to reach 40% and the share of the
domestic market is expected to exceed 80%, with the share of
domestic high-end servers in the domestic market expected to
exceed 50%; the share of domestic market for branded servers
with domestic CPUs is expected to reach over 30%.

1.2.3 Development focus

1.Key products

(1) Wireless mobile communications, including: 5G key
technology comprehensive verification platform, 5G mobie
communications system equipment (including 5G base stions, 5G core
network equipment, 5G industry-specific networks, etc.) and



5G mobile communication instrumentation (including 5G terminal synthesizer,

5G protocol conformance tester)

The company is also engaged in the development of 5G mobile
terminals (including 5G consumer terminals, 5G industry terminals, M2M
terminals, etc.) 5G key chips (including 5G baseband chips, 5G radio
frequency (RF) chips, 5G system-on-chip (SoC) chips, etc.) and
5G key devices (such as 5G high-frequency communication
devices).

(2) Next generation networks, including: High-speed, high-

capacity optical transmission equipment

(400G/1Tbps) high-speed optical access equipment (10G/100Gbps) optical
switching equipment

(100Tbps X EBEXRMIRF ) . BOMEHEE ( £#£0O 400G,
RMABE 100T ) . IR HELME (SDN ) HRBEHRH
(1Tbps ) , &XRMRIRE, HEXBESH

( 100G/400G/1Tbps ) . EEEIE % ( ADC/DAC ) ( 64Gb/s
LAE ) . B DSP chips, optical transport network (OTN) chips
(N*100G/N*400Gpptical line terminal (OLT) chips
(100G/400G/1 Tavelength division multiplexing -
passive optical network (WDM-PON) chips, wavelength selective
switches (WSS) network processors (400G/1T and above) and
other key components.

(3) High-performance computers and servers, including:



general-purpose CPUs, high-end servers (10,000-core class)
mass storage devices (100 billion billion bytes (10 EB) classhigh-
performance computers (10 billion billion times/second class)
cloud data centres with converged architecture for cloud
computing and big data, cross-regional/multi-dimensional/multi-
type converged cloud storage devices, high-performance
computers based on nationally produced CPUs and high-end
servers, etc.

2.Key technologies

(1) Wireless mobile communications, including: large-
scale antenna array technologies (supporting peak rates of tens
of Gbps, ultra-dense networking technologies (link densities
greater than 106/km2 and traffic densities greater than tens of
Topstinzy

new multi-access technologies, high-band

communications



technologies (above 6GHz) inter-terminal communication technologies

(including Telematics, etc.) new core
Key technologies such as network architecture technologies
(supporting SDN, Network Function Virtualisation (NFV), etc.) 5G
enhanced technologies (100Gbps, user-centric and highly-aware
access and core networks), etc.

(2) H—RKMEBREAR , B : KEEXARI®RER
(100TbpsH X BEBERMEAR ) . BEBHARMEAR
( 100Tbps BEEMEAR ) . MEEEER (& : NFV, SDN
F)., MENEBRAER , SEXEHER ( EixO
400Gbps/1Tbps ) . KRBREMEHXIIREAR, Key components
of network equipment (including: optical transceiver technology,
high-speed switching chip technology, NFV-enabled high-
capacity packet switching chip technology, etc.) silicon photonic
and optoelectronic integrated chip technology, WSS optical
crossover technology, ultra-large-capacity long-distance optical
communication technology and submarine communication
technology, WDM-PON device technology, and other key
technologies.

(3) High-performance computers and servers, including:
high-performance/low-power/high-stability/high-reliability  chip
technology, 10,000-core processor high-speed interconnect

technology, board-level optical interconnect technology, large-

18



port processor high-speed interconnect technology, high-
capacity non-volatile storage technology, reconfigurable
computing technology, big data processing platform technology
such as memory computing/streaming data
processing, multi-dimensional/multi-type big data fusion
platform technology, business-aware hardware resource
dynamic adjustment technology, quantum computing
technology and artificial intelligence technology, etc.

1.2.4 Application demonstration projects

1.5G Mobile Communication Technology Innovation and

Application Project

In order to achieve China's global leadership in 5G wireless
mobile communication technology, standards, industry, services
and applications, as well as the application and convergence of
5G technology in multiple markets such as public networks,
private networks and national defense, the leading units of 5G

standards, 5G equipment manufacturers, telecom operators and



Joint implementation by application units and others.

Deploy 5G innovation demonstration network and launch 5G
commercial services by 2020, applying China's own innovative 5G
technology advantages and system capabilities, supporting 10Gbps
peak rate, spectrum efficiency improvement of more than 3 times,
end-to-end transmission test up to 1ms and traffic density of more

5Tbps/km2

than , testing and verification of 5G RF, baseband and
other core chips and terminals, test instruments, system
equipment, etc. The test and verification of 5G RF, baseband
and other core chips and terminals, test instruments, system
equipment etc.

In 2020, we will start deploying a demonstration network for
the integration of heaven, earth, sea and air, and will apply the
research results of 5G and other terrestrial and satellite mobile
communication technologies to achieve thousands to tens of
thousands of kilometres of ultra-long-distance broadband
communication, so as to provide an information foundation for
the implementation of te"One Belt, One Road" saey
adte"Ocean Power" strategy. To provide the foundation
of information technology for the implementation of the "One

Belt, One Road" strategy and the "Ocean Power" strategy.

2.New Generation Network Innovation and Application

Demonstration Project

20



It is recommended that a new generation optical communications
demonstration network be deployed and completed by 2020. Support

distance

Over 1000 km (e.g. Beijing to Wuhan) optical transport (OTN) equipment
support

400G/1T/4T/10Tbps interfaces with parallel access to at least
96 wavelengths and a bidirectional communication capacity of
at least 96Tbps, implemented jointly by mainstream equipment
vendors and operators who are responsible for the
development of core technologies, to commercially validate the
new generation of network equipment and to test key hardware
and software protocols.

It is proposed that the new controlled and trusted demonstration

network will be completed by 2020. The size of the network is not
Less than 20 cities, with backbone switching capacity up to single
The control plane supports the networking of 500 backbone
routers and 50,000 metro routers, with a delay of less than 50ms
between data control planes, and the parallel operation and
control of no less than 4,096 virtual networks with differentiated
service quality assurance. Promote the use of related systems in
telecommunications, broadcasting, electric power, finance,

industry, national defence and other fields.

21



Pan application.

3.Safe and Trustworthy National Industry Software and

Hardware Collaborative Innovation Project

It is proposed to build a test bed for next-generation high-
performance computer servers, basic software and domain
applications based on domestic CPUs with independent
intellectual property rights, apply next-generation high-
performance computers, high-end servers and storage devices
and basic software (operating systems, databases, middleware,
etc.with independent intellectual property rights, and support
technological innovation and application demonstrations of
high-end servers and storage devices based on nationally
produced processors.

It is proposed to promote domestic software and hardware
solutions in at least three key application areas, such as finance,
telecommunications and smart cities. By 2020, the market
share of domestically produced servers in the finance and
telecoms industries will reach 75% and the market share of
domestically produced infrastructure software will reach 50%; by
2025, the market share of domestically produced servers in the
finance and telecoms industries will reach 90% and the market
share of domestically produced infrastructure software will reach

75%.

22



1.2.5 Strategic Support and Assurance
1.Intellectual Property Rights (IPR): Dovetailing with the

national IPR strategy, it is recommended to actively publicise
the achievements of IPR in China's information and
communications sector, continue to optimise the commercial and
legal environment for IPR, strengthen IPR protection and
operation, and promote the international application of

independent IPR.

2. Government and industry market resources: continue to cultivate and
optimize China's information and communications equipment

Industry market space, there are already major special projects
to continue to support, it is recommended to encourage the
strengthening of synergistic cooperation between enterprises
upstream and downstream of the industry chain, between

enterprises and the government and between industry markets.

3. Spectrum planning and allocation: It is proposed that the 5G

spectrum planning will include mobile, broadcasting, and

The spectrum needs of satellites, civil-military integration, etc.
are considered in a unified manner to maximise the value of
spectrum utilisation and the integrated development of related

industries.

4. Going global: Implementing the "One Belt, One Road"

strategy, exploring "capital + industryand "capital + industry®,

23



New mode of **going out™ of "construction + operation
services", suggesting the establishment of an inter-ministerial

coordination mechanism

To establish a special fund for "going out®" to promote
China's information and communication equipment industry to

"go out” "and create an information silk road.

24
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1.3 Operating systems and industrial software

Operating systems and industrial software are the
cornerstone of the digitalization and networking of the
manufacturing industry, and are the core elements of the new
round of industrial revolution. The development of real-time
industrial operating systems and high-end manufacturing embedded
systems, industrial data platforms and manufacturing core software
as the representative of the basic industrial software, for advanced
rail transportation equipment, electric power equipment,
agricultural equipment, high-grade CNC machine tools and
robots, aerospace equipment, marine engineering equipment
and high-tech ships and other key areas of industrial application
software, independent and controllable for China's industrial
sector, has an important significance.

1.3.1 Demand

The new generation of scientific and technological
revolution and industrial change is characterized by
digitalization, networking and intelligence, the core of which is
the deep integration of the new generation of information technology
represented by cloud computing, the Internet of Things and big data
with modern manufacturing industries, in order to promote industrial
transformation and upgrading. In response to the current situation that

developed countries control the core technology of traditional operating
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systems and industrial software and dominate the intemational industrial
competition discourse, relying on China's strategic imperative asa
"manufacturing power®* and advantageous industries, and
taking advantage of China's position as a global leader in Internet
ecology and applications, we will seize the historical opportunity
provided by the new technological revolution and industrial change.
To achieve independent and controllable operating systems,
combined with a new generation of information technology to
promote the reconstruction and leapfrog development of industrial

software.
1.3.2 Objectives

By 2020, we will break through some key core
technologies, basically form China's industrial software
technology standards and ecological system, and have a
market share of more than 30% in the middle and low-end
markets. Focusing on production efficiency and service-
oriented manufacturing, the application penetration rate of
independent "cloud" + "terminal" industrial

big data platforms in key industries will exceed 40%.
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By 2025, most of the core technologies will have made a

breakthrough and an independent and controllable
Operating systems and industrial software and their standard
systems,witemarket share of independent industrial software
exceeding 3 Teapplication penetration rate of ''Internet+"’
intelligent industrial cloud in key industries
exceeds 60%. Formation of an industrial Internet based on
intelligent and connected products and independent industrial
software.

1.3.3 Development focus

1.Key products

(1) Industrial operating systems and their applications

Connecting with the achievements of "Nuclear High
Foundation®® and other major special projects, we will build
a tailorable industrial basic software platform. Aiming at the needs
of digital products and intelligent complete sets of equipment, we will
focus on developing highly secure and reliable real-time industrial
operating systems, realizing the adaptation to mainstream control
devices, CPUs and bus protocols, and on this basis, we will
develop a set of embedded software interfaces, configuration
languages and integrated development environments, and form
standards and specifications for measuring the security,

trustworthiness and performance of embedded operating systems.
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Research and develop embedded systems for high-end
manufacturing industries and promote their application in important
key areas such as advanced rail transportation equipment, electric

power equipment and agricultural equipment.

(2) "Cloud" + "Terminal" industrial data platform

Facing the integration of data exchange and intelligent
collaboration between terminals and the cloud, we develop an
embedded data management platform and real-time data
intelligent processing system at the device end, and develop an
industrial data processing software stack with massive processing
capacity for industrial data collection, storage, query, analysis,
mining and application in the cloud. Build an industrial data platform
covering the whole life cycle of products and the whole business
activities of manufacturing, supporting the integration of intemal and
extemal, structured and unstructured, synchronous and
asynchronous, dynamic and static, equipment and business,

real-time and historical data of enterprises
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Integration and unified access for a "data-driven" approach.
(3) Smart Industrial Cloud and Core Software for
Manufacturing

Research and development of "Internet+" intelligent
industrial cloud system architecture and standard system,
and construction of industrial resource base (including
knowledge base, model base, parts base, process base and
standard base, etc.) Reconstructing product lifecycle
management for the "Internet+" manufacturing ecosystem

(CAD/CAE/CAPP/CAM/PLM) Enterprise Resource Planning (ERP) Supply Chain

Management

( The company will develop core software for manufacturing
industries such as SCM and CRM, and form a new industrial cloud
component library. Develop data-driven component combination
engines, intelligent software and collaborative control platforms for
industrial energy management, intelligent software and
collaborative control platforms for industrial energy
management, build "Internet+" intelligent industrial cloud
platforms, promote the internetisation of industrial
enterprises, and form industry-wide and cross-industry

industrial application ecosystems.

(4) Industrial applications for key areas

For advanced rail transportation equipment, electric power
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equipment, agricultural equipment, high-grade CNC machine
tools and robots, aerospace equipment, offshore equipment and
high-tech ships and other key industrial fields, the development
of industry application software covering the entire life cycle
from design and development, manufacturing to product
services, focusing on breakthroughs in product innovation and
development, intelligent control and analysis and optimization,
equipment intelligent services and other key technologies, the
development of independent industrial The development of

independent industrial application software systems.

2.Key technologies

Il  "End-to-end'' industrial software security
technology. Research on the security of control systems,
hardware security, network communication security, system
security, data security, information and system security from the
device end to the cloud end. Research and development of
security standards, verification technologies and certification
systems for secure and highly trusted industrial software

systems.
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X  Industrial base resource base and standardisation
technology. Focusing on building and autonomous

industrial

A standardized system of industrial basic repository interface that
is compatible with software. Research on the classification
standard of industrial basic repositories, and layout of industrial basic
repository architecture and ecological system adapted to the
characteristics of China's manufacturing environment. Research on
the standardised evaluation and certification system of industrial
basic repositories.

X Embedded operating system technology. To
develop real-time scheduling algorithms that meet the needs of
highly secure and trustworthy embedded operating systems by
focusing on the security mechanisms and trustworthy
mechanisms of real-time embedded operating systems.
Research on the adaptation technology of the operating system
to the underlying heterogeneous and complex equipment and its
fieldbus protocols. Research on model-driven control program unified
design, development, testing and release technology.

X Intelligent technology on the device side.
Research small-capacity embedded database systems, as well
as data caching and data synchronisation and exchange

technologies. Accelerate the research of terminal's environmental
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semantic modelling technology, as well as new terminal intelligence
technologies such as real-time data dynamic acquisition, frequency
conversion transmission, visual understanding, stand-alone intelligent
analysis and control, and regional collaboration.

X  Industrial big data management and analysis
technologies. Research and development of key
technologies for real-time industrial data collection, high-
throughput storage, data compression, data indexing, query
optimisation, data caching and other key technologies. Research
on key technologies for data quality inspection and repair under
spatio-temporal correlation and mechanism models. Research on
the integration technology of real-time data of front-end equipment
and relational data of back-end information system. Breakthrough
in industrial big data parallel analysis and processing technology,
mechanism model modelling technology, knowledge reasoning
technology and simulation model.

 Data-driven component combination
technology. Research into key technologies for the
development of component sets and component information
integration platforms for industry vertical application software.

Research on data integration through manufacturing resources
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The analysis of information elements such as data, enterprise data,

industry data and internet data drives the industry

Rapid response within the industry and between companies to
dynamically integrate and optimise the efficiency of resource utilisation.

1.3.4 Application demonstration projects

1 Demonstration of the application of ""industrial
operating systems and their application software'".
Applicationof embedded operating systems and
application software in safety-critical fields such as aerospace,
military, shipping, energy and chemical industry.

2 Demonstration of the application of
"industrial big data platform'. Select
leading process and discrete manufacturing enterprises and
industrial chains to carry out "industrial big data platform"
application demonstrations.

3 Application demonstrations in key areas of
"'intelligent industrial cloud and core software for
manufacturing'’. Tt wwill develop industry application
software and carry out multi-level industry-wide and cross-
industry application demonstrations, taking into account group
enterprises and small and medium-sized enterprise groups, in
line with the strategic and advantageous industries deployed in

"Made in China 2025 .
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1.3.5 Strategic Support and Assurance

1. Supporting cross-border industry alliances

Taking manufacturing enterprises as the mainstay, we
encourage related enterprises and others to join the industrial
application cloud platform ecosystem, carry out cross-discipline
resource and value chain integration, and build an industrial

ecosystem with global competitiveness.

2.Building a system of standards

Encourage Chinese enterprises to participate in the mainstream
international open source community and become a voting
member of the board. Strengthen the development and revision
of industrial operating system and software standards, and
encourage competent units to take the lead in developing
international standards. Establish a national evaluation and
certification standard system for operating systems and

industrial software.
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1.4 Intelligent manufacturing core information equipment

Intelligent manufacturing core information equipment is the
key infrastructure equipment for information acquisition, real-
time communication and dynamic interaction and decision
analysis and control in all aspects of the manufacturing process.

Intelligent manufacturing core information equipment mainly
includes intelligent manufacturing basic communication
equipment, intelligent manufacturing control system, new
industrial sensors, manufacturing 10T equipment, instruments
and testing equipment, manufacturing information security
protection products.

1.4.1 Demand

The world is setting off a new round of industrial revolution
with intelligent manufacturing at its core, and China's
manufacturing industry is also accelerating its transformation to
intelligent manufacturing.

In the next five years, China's intelligent production
facilities, digital workshop/factory upgrade and transformation
will be further accelerated,and the demand for intelligent
manufacturing core information equipment in the manufacturing
industry will also grow significantlylt is expected that the market
size of China's intelligent manufacturing core information
equipment will continue to grow at a growth rate of about 30%.

39



1.4.2 Objectives

By 2020, the standard system of core information
equipment for intelligent manufacturing will be basically
completed, a number of core key technologies in the field of core
information equipment for intelligent industry will be broken
through, so that China's basic communication equipment for
intelligent manufacturing, industrial control equipment, industrial
sensors, intelligent instruments and testing equipment,
manufacturing IOT equipment and industrial information security
products will be applied on a large scale in China, and the share
of the domestic market will reach 40%. To cultivate more than 5
related enterprises with annual revenue of more than RMB 10
billion.

By 2025, an independently controllable, safe, reliable and
advanced intelligent manufacturing core information equipment
industrial ecosystem and technological innovation system will be
established, domestic intelligent manufacturing core information
equipment will occupy a dominant position in the domestic

market, and the share of the domestic market will reach
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60%, the overall technical level reached the international advanced level.
1.4.3 Development focus

1. Key products
(1) Intelligent manufacturing infrastructure communication
equipment

Develop industrial communication network infrastructure
equipment such as high-speed IPv6-enabled industrial switches,
high-speed industrial wireless routers/repeaters, industrial low-
power tele/near-field communication equipment, fast self-
organising industrial wireless communication equipment,
industrial protocol converters/gateways, industrial
communication consistency testing equipment, etc., which are
highly reliable, high-capacity, high speed and high quality, to
build a smart manufacturing-oriented The company will build a
high-speed, safe and reliable industrial communication network
for intelligent manufacturing and lay the foundation for the
interconnection of manufacturing information.

(2) Intelligent manufacturing control systems

Develop distributed control systems (DCS) programmable
control systems (PLC) industrial control systems (PAC) embedded
control systems and data acquisition and monitoring control systems
(SCADA)that support fieldbus communication to improve the

capability and level of independent and safe control of intelligent
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manufacturing.

(3) New industrial sensors

Development of intelligent photoelectric sensors, intelligent
proximity sensors, high resolution vision sensors, high
accuracy flow sensors, inertial navigation sensors for
vehicles with low power consumption, high accuracy and high
reliability with data storage and processing, automatic
compensation and communication functions
( The new industrial sensors, such as #OMAIN domain controller
for vehicles and high-precision detectors for analytical
instruments, meet the needs of typical industries and fields for

ubiquitous information acquisition.

(4) Manufacture of IOT equipment
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Vigorously develop RFID chips and read/write devices, industrial

portable/handheld intelligent terminals,
Industrial loT gateway, industrial wearable devices to achieve
interconnection and integrated management between people,
equipment, environment and materials.

(5) Instrumentation and testing equipment

Develop online composition analysers, online non-
destructive testing devices, online high-precision three-
dimensional digital ultrasonic flaw detectors and online high-
precision non-contact geometric accuracy testing equipment to
achieve quality information collection and quality traceability in
the intelligent manufacturing process.

(6) Manufacturing information security assurance products

Invest in the development of industrial control system
firewalls/net gates, disaster recovery and backup systems,
active defence systems, vulnerability scanning tools, wireless
security detection tools and intrusion detection equipment to
improve the information security protection capability of
intelligent manufacturing.

2. Key technologies

(1) Manufacturing information interconnection standards and

interface technologies

Develop technical standards for manufacturing information

43



interoperability, focusing on the development of technical
standards and specifications for intelligent equipment and
digital workshops/factories. Research the interface technology
for manufacturing information interoperability, provide an overall
framework for protocol interoperability between devices and
equipment and between devices and systems, and protocol
interoperability service interface definitions to support the
interoperability and collaborative work of devices with
heterogeneous protocols.

(2) Industrial sensor core technology

Research into sensor wireless communication technology,
sensor signal processing technology, sensor reliability design
and testing technology, and sensor precision manufacturing
and inspection technology.

(3) Artificial Intelligence Technology

Research into knowledge engineering, situational awareness,

pattern recognition, self-determination, self-execution, and
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Visualisation and other key technologies to improve the intelligence of

core information equipment for intelligent manufacturing.

(4) Augmented Reality

Research on 3D spatial RFID registration and positioning
technology, 3D spatial modelling, search, display and
interaction technology for industrial 0T information.

1.4.4 Strategic Support and Assurance

1.Development of core information equipment standards

for smart manufacturing

Accelerate the development of a standardisation system for
smart manufacturing, and research and develop standards for
manufacturing information interoperability and cyber security.
Focus on supporting the development of technical standards
and specifications in areas such as smart equipment and digital

workshops/factories.

2.Establishment of a national joint laboratory for core

information equipment for intelligent manufacturing

Support relevant units to jointly prepare for the
establishment of a national intelligent manufacturing core

information equipment laboratory, strengthen the research and

clievelopment of key techfitlogies and prodlcts of intelligefit™
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Second, high-grade CNC machine tools and robots
2.1 High-grade CNC machine tools and basic manufacturing

equipment

High-grade CNC machine tools are high-speed, precision,
intelligent, composite, multi-axis linkage, network communication and
other functions of CNC machine tools, basic manufacturing
equipment is the manufacture of a variety of machines and
equipment of the general name of the equipment. High-grade CNC
machine tools and basic manufacturing equipment, including metal
cutting machine tools, special processing machine tools, casting,
forging, welding, heat treatment and other thermal processing
equipment, additive manufacturing equipment, etc., with basic,
universal, and strategic features.

2.1.1 Demand

China has become the world's largest producer, consumer

and importer of machine tools and equipment for many years.
In the next decade, electronics and communications equipment,
aerospace equipment, rail transportation equipment, power
equipment, automotive, shipping, construction machinery and
agricultural machinery and other key industries such as the rapid
development of new materials, new technologies and continuous
progress in CNC machine tools and basic equipment will put
forward new strategic needs and transformation challenges. The
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demand for CNC machine tools and basic manufacturing
equipment will change from low-grade to high-grade, from a single
machine to include robot loading and unloading and online
inspection functions of manufacturing units and complete systems,
from digital to intelligent change, from general machine tools to
tailor-made personalized machine tools, electronics and
communications equipment manufacturing equipment will be
the new demand for hot spots.
2.1.2 Objectives

By 2020, the domestic market share of high-grade CNC
machine tools and basic manufacturing equipment exceeds 70%,
the domestic market share of standard and intelligent CNC systems
reaches 60% and 10% respectively, and the domestic market share
of high-grade functional components such as spindles, screws
and guideways reaches
50%;

By 2025, the domestic market share of high-grade CNC machine tools

and basic manufacturing equipment will exceed
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More than 80% of the machine tools used in the automotive industry have

an average failure-free time of 2000
Hours, precision maintenance to 5 years; CNC system standard,
intelligent domestic market share of 80%, 30%; spindle, screw,
guide and other high-grade functional components of the
domestic market share of 80%; high-grade CNC machine tools
and basic manufacturing equipment overall into the ranks of the
world's power.

2.1.3 Development focus

1.Key products

Focus on aerospace equipment, automotive, electronic

information equipment and other key industrial development
needs, the development of high-grade CNC machine tools,
advanced forming equipment and group process production

lines.

(1) Electronic information equipment processing
equipment
The focus is on the development of 20,000-60,000 r/min high-
speed drilling and tapping centres, five-axis linked high-speed
machining centres, PSA dressing machines and robotised

intelligent inspection and assembly lines.

(2) Manufacturing and assembly equipment for large
structural parts of aerospace equipment
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Focus on the development of
aluminum/magnesium/titanium/high-temperature alloy and
other difficult-to-machine materials with multi-axis gantry
CNC milling machine, five-coordinate skin mirror processing
machine tools, robot cluster automatic drilling and riveting,
composite materials automatic laying wire/banding, multi-
dimensional friction welding, super-plastic/diffusion forming,
precision control of heat treatment, structural fatigue and load-
bearing test equipment, digital assembly of large aircraft and
large rockets, etc.

(3) Key equipment for aero-engine manufacturing

Focus on the development of finishing horizontal machining
centres, turning and milling centres, boring machines, internal
and external circular grinding machines for the machining of key
components such as blades, impellers, turbine disks, cassettes
and spindles, as well as heavy-duty inertia friction welding, lapping and
forming, single crystal casting, high-temperature vacuum heat treatment

and
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Surface strengthening, laser micro-hole forming equipment, etc.

(4) Key manufacturing equipment for ships and marine
engineering equipment

Focus on the development of ship and offshore high-strength
steel single-sided welding double-sided forming (FCB), curved
segmentation flexible support, high-powered laser composite
welding, multi-point pressure forming and other flat, curved
segmentation line key equipment; large diesel engine block,
crankshaft, gears, blades, offshore rack and other advanced
processing and forming technology and equipment; water

depth of more than 1,000 meters full diving welding equipment.

(5) Complete sets of processing equipment for key

components of rail transportation equipment

Focus on the development of aluminum-magnesium alloy /
stainless steel body of the new high-efficiency laser / stir
friction welding equipment, 30-ton axle weight heavy-duty electric
locomotive core manufacturing equipment, 120km / h mobile high-
speed rail welding equipment, 350Km/ h speed above the train
with gears, bearings, wheelsets, bogies, braking systems and

other lightweight processing into a set of equipment.

(6) Complete sets of equipment and production lines for

processing key automotive parts

Focus on the development of high-efficiency
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processing/near-net forming equipment and assembly process
production lines for automotive engines/transmissions, etc.;
development of diesel high-pressure common rail, automotive
safety, low-cost ultra-high strength steel
/Aluminium alloy/carbon fibre auto parts, new energy vehicle
electromechanical coupling system and other industrialisation of
the urgent need for efficient processing and forming, online
inspection and assembly of complete sets of equipment.
(7) Four major process assembly lines for automobiles

Aiming at medium and high-end models, the company will
focus on the application of ultra-high-strength steel/aluminium
alloy/carbon fibre lightweight and high-strength materials, and
develop production lines such as lightweight mixed bodywork of
dissimilar materials, servo stamping/moulding based on
domestic robots, high-efficiency connections (laser welding,
riveting and gluing) environmentally friendly and energy-saving

painting, and digital robotic assembly.

(8) Large capacity power equipment manufacturing

equipment
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Focus on the development of high-quality casting of megawatt-
class nuclear power main pumps and the manufacture of welded

rotors for gas turbines
Complete sets of equipment, million-kilowatt turbine runners and
other robot welding equipment, ultra-high voltage transmission
and transformation equipment precision manufacturing
equipment, digital assembly sets of equipment, etc.

(9) Construction and agricultural machinery lines

The focus of research and development is on precision
machining and forming equipment and complete production
lines for engines, transmissions and high-pressure, high-flow
hydraulic systems for construction and agricultural machinery,
and the development of robot-based production lines for
welding, painting and assembly.

2.Additive manufacturing equipment

Focus on breakthroughs with a series of original technology
of titanium alloys, high-strength alloy steel, high-strength
aluminum alloys, high-temperature alloys, non-metallic
engineering materials and composite materials and other high-
performance large key components of efficient additive manufacturing
processes, complete sets of equipment, special materials and
engineering key technologies, the development of laser, electron

beam, ion beam and other energy-driven mainstream process
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equipment; to overcome the bottleneck of material preparation,
print head, intelligent software, etc. Create an industrial chain.

3.High-grade CNCs

Focus on the development of multi-axis, multi-channel, high-

precision interpolation, dynamic compensation and intelligent
programming, with self-monitoring, maintenance, optimization,
restructuring and other functions of intelligent CNC system;
provide a standardized base platform, allowing developers,
different hardware and software modules to intervene, with
standard interfaces, modularity, portability, scalability and
interchangeability and other functions of open CNC system.

4.High performance functional components

Focus on the development of 20,000 ~ 40,000r/min high-
speed electric spindle, multi-axis linkage spindle head,
precision grating, tell high-precision spindle bearings, 1-2 level
ball screw guide, positioning accuracy of less than 6" rotary
table, etc., research and development of high-performance functional

components precision machining, forming,
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Testing and assembly of complete sets of equipment.

5.Key common technologies

(1) Digital Collaborative Design and 3D/4D Full Manufacturing

Process Simulation
Carry out open network-based, crowd-sourced collaborative
innovation design and digital whole-process modelling and
simulation technologies for the whole life cycle of equipment
products.

(2) Reliability and accuracy maintenance technology for

precision and ultra-precision machine tools

Research on key technologies and advancement paths
for reliability and accuracy stability of high precision machine
tools, and establish a big data platform for reliability and
accuracy retention.

(3) Efficient machining and forming technology for complex

surfaces and difficult to machine materials
Research into high-speed, high-efficiency machining and
advanced forming technologies for difficult to machine and
complex profile materials for aerospace equipment.
(4) 100% in-line inspection technology
Research into 100% in-line inspection technology based
on advanced technologies such as machine vision, non-

contact measurement and dexterous robotics.
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2.1.4 Application demonstration projects

1.National Science and Technology Major Project "High-
grade CNC Machine Tools and Basic Manufacturing
Equipment®® Intelligent Upgrade Project

2.Aerospace high-end manufacturing equipment application
demonstration project

3.Demonstration of the application of new process equipment for
key components and assemblies of lightweight materials for

automobiles
Program

4.Demonstration project for the application of intelligent
flat/surface machining line for ships

2.1.5 Strategic Support and Assurance

1.1t is recommended that a national collaborative innovation centre
for common technologies of CNC machine tools be formed to

focus on
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Digital design technology, static and dynamic thermal testing technology

as well as reliability and accuracy retention
The key technologies that are constraining, such as
2.1t is proposed to set up a national innovation centre for

advanced forming processes and to promote the close
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2.2 Robots

A robot is a semi-autonomous or fully autonomous
machine that combines modern manufacturing technology,
new materials technology and information control technology,
and is a representative product of intelligent manufacturing.
Robots include industrial robots for use in manufacturing
environments and service robots for use in non-manufacturing
environments. Depending on the application environment, service
robots are divided into personal/household service robots for
use in the home or for direct service to people, and
professional service robots for use in special environments.

2.2.1 Demand

In recent years, China's robotics market has grown rapidly,
with sales of 56,000 industrial robots in 2014, making it the
world's largest industrial robot market. A variety of service robots
for the elderly and disabled, disaster relief and rescue, and
public safety have begun to enter demonstration applications,
and home service robots such as cleaning robots, two-wheeled
self-balancing vehicles and model drones have entered the
consumer market. Sales of industrial robots are expected to

reach

The number of industrial robots sold will reach 150,000 by 2025 and
800,000 by 2025.
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The number of units reached 260,000, with a holding of 1.8 million units.
2.2.2 Objectives

By 2020, a market-oriented, enterprise-oriented and closely
integrated industry-academia-research-application robotics
industry system will be basically completed. The domestic market
share of domestic brand industrial robots will reach 50%, the
domestic market share of domestic key components will reach
50%, and the MTBF of products will reach 80,000 hours; service
robots will be produced in small quantities and applied in the
fields of elderly care, rehabilitation, social services, disaster relief
and rescue; breakthroughs will be made in the core technology
of new generation robots; 2-3 robots with an annual output of

more than 10,000 units will be cultivated, output value

The company will be a leading enterprise with more than 10 billion yuan

and international competitiveness, and will create 5-8 robots
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Supporting industry clusters.

By 2025, a comprehensive robotics industry system will be
formed, and the robotics R&D, manufacturing and system
integration capabilities will strive to reach the world's advanced level.
The domestic market share of domestic brand industrial robots will
reach more than 70%, the domestic market share of key
domestic components will reach 70%, the main technical
indicators of the products will reach the similar level of foreign
countries, and the average trouble-free time will reach the
interational advanced level; service robots will be produced on a large
scale and begin to be popularly used in people's life, social services
and national defense construction, and some products will be
exported; a new generation of robots will be successfully
developed and the prototypes will be applied on a certain scale;
1-2 enterprises will enter the top five in the world. The new
generation of robots will be successfully developed and applied
on a certain scale; 1-2 enterprises will be among the top five in
the world.

2.2.3 Development focus
1.Key products
(1) Industrial robots

Realize the development and mass production of multi-joint

industrial robots, parallel robots and mobile robots, so that
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domestic industrial robots in welding, handling, painting,
processing, assembly, testing, cleaning production and other
aspects of the realization of large-scale integrated applications.

(2) Service robots

Focus on the development of robots for the elderly and
disabled, domestic services, social and public services,
education and entertainment and other consumer services;
focus on the development of medical rehabilitation robots,
space robots, rescue robots, energy security robots, drones and
other special robots.

(3) New generation robots

Active research and development can meet the needs of
intelligent manufacturing, especially with small batch
customization, personalized manufacturing, flexible
manufacturing to adapt, can complete dynamic, complex
operational mission, can work with human collaborative new

generation of robots.
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2.Key components
(1) Cycloid reducers for robots
Drive accuracy and return less than 1 arc minute, drive
efficiency more than 80%, noise less than 75 dB, temperature
rise less than 4°C, life more than 6000 hours, rated output

torque

100-6000Nm, acceleration torque 200-12000Nm, instantaneous acceleration

torque
500-30,000Nm.

(2) Harmonic Reducers

Transmission accuracy and backlash less than 1 arc minute,
transmission efficiency greater than 80%, maximum permissible
input speed 6000 rpm, life time greater than 10000 hours,
rated output torque 4-500Nm, acceleration torque 8-1100Nm,
instantaneous acceleration torque 16-2200Nm.

(3) High-speed, high-performance robot controllers

Communication: High-speed bus interface, 8 axes of control,

interpolation cycle less than
1 ms.

(4) Servo Drives

Supply voltage 220V-380V, continuous output current 1-50A,
overload capacity: 2x overload for 1 second, 3x overload for 0.5

seconds, 5x overload for 0.3 seconds, no-load speed loop
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bandwidth: 600Hz or more, communication mode CAN,EtherCAT,

PowerLink bus interface.

(5) Servo motors for high precision robots

Supply voltage 220V-380V, power 0.1-15KW, overload
capacity: 2 times overload for 1.5 seconds, 3 times overload for
0.8 seconds, 5 times overload for 0.5 seconds, speed 1500-6000rpm,

rated output torque 0.32-32Nm, peak torque 1.6-160Nm.

(6) Sensors
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Focusing on the development of joint position, torque, vision, tactile,

optical, high-frequency measurement, the

Laser displacement and other sensors to meet the application needs

of the domestic robotics industry.
3.Key common technologies

(1) Complete machine technology

With the objectives of serial design and batch manufacturing
of robots, improving the control performance, human-robot
interaction performance and reliability performance of robot
products, improving the load/self-weight ratio of robots and the
safety of human-robot collaboration, key common technology
research will be carried out in phases.

(2) Component Technology

To break through the key components of robots, meet the
application of the domestic market, meet the demand for key
components of robots that collaborate with people, and meet the
demand for key components of new robots as the goal, and carry
out key common technology research and development in
phases.

(3) Integrated application technology

The aim is to improve the robot's ability to reconfigure tasks
and adjust deviations adaptively, to improve the robot's ability to

complete complex tasks in a human-robot coexistence
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environment, and to promote the integration of robots into human
life, and to carry out key common technology research and
development in phases.

2.2.4 Application demonstration projects

1.Robot key components development and application

demonstration project
Support the development and industrialisation of key
components such as reducers, controllers, servo motors and

drives, sensors and other applications.

2.Industrial robot core technology research and application

demonstration project
Support research on core industrial robot technologies,
multi-industrial robot collaboration technologies and intelligent
industrial robot technologies, and promote demonstration

applications according to industry segments.

3.Service Robot Technology Research and Application

Demonstration Project
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Focus on supporting social and public services such as medical

care, rehabilitation, elderly care, disability assistance and rescue
The development of the robot, the creation of a favourable
social and policy environment, and the promotion of the
demonstration application of domestically produced products.

4.Robotics Talent Training Demonstration Project

Strengthen the construction of professional disciplines
related to robotics, enhance cross-integration of multiple
disciplines, strengthen international exchange and learning,
accelerate the introduction of overseas high-end talents, set up
robotics teaching demonstration sites and cultivate basic talents.

2.2.5 Strategic support and assurance

1.Compile special planning for robotics, support and
promote the construction of independent innovation capacity and
independent brand building for robotics, reward enterprises or
projects with driving or outstanding contributions to industrial
development, and implement the Three-Year Action Plan

for Enhancing Core Competitiveness in Manufacturing

(2015-2017) support for industrial robotics key technology

industrialisation projects.
2.1t is proposed to establish a National Collaborative
Innovation Centre for Robotics to carry out research on

common and key robotics technologies.
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3.Establish a national robot testing and evaluation centre to
achieve performance testing capabilities for robots and their key
components, as well as reliabilty and safety performance
evaluation capabilities, and promote robot evaluation and
certification systems.

4. Strengthening basic common standards, key technical standards
and key application standards for robots

The company is actively involved in the development of research and

international standardisation.
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ITI. Aerospace equipment
3.1 Aircraft

Aircraft are aerial means of transport serving the national
economy, social development and people's transportation.
They mainly include mainline aircraft, regional aircraft, general

aviation aircraft, helicopters and drones.

3.1.1 Demand

The growing demand for air transport and general
aviation services has created a vast market for the
development of aircraft manufacturing. It is expected that in
the next decade, the world will need a total of 1.5 million
mainline aircraft.

12,000 aircraft, 0.27 million regional aircraft, 18,300 general aviation

aircraft, helicopters

At the same time, with the reform of China's airspace
management and the opening up of low-altitude airspace, the
domestic market for general aviation, helicopters and drones is

huge.
3.1.2 Objectives

By 2020, the annual revenue of the civil aircraft industry will
exceed 100 billion yuan; the development, production and

delivery of 150-seat single-aisle mainline aircraft will be
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completed; the delivery of mainline aircraft will account for more
than 5% of the domestic market share, the delivery of
turboprop regional aircraft will account for 5-10% of the global
market share, and the delivery of general aviation aircraft and
helicopters will account for 20% and 20% of the global market
share, respectively.

10%.

By 2025, the annual revenue of the civil aircraft industry will
exceed RMB 200 billion; the development, production and
delivery of 280-seat class twin-aisle mainline aircraft will be
completed; the delivery of mainline aircraft will account for more
than 10% of the domestic market share, and the delivery of
turboprop regional aircraft will account for 10% to 10% of the global

market share.

72



20% of the global market share for utility aircraft and helicopter deliveries
reached 40% and

15%.
3.1.3 Development focus
1. Key products

(1) Mainline aircraft

--Single-aisle mainline aircraft

130-200 seat class, single-aisle, high subsonic, short to medium

range transport aircraft.
--Twin-aisle mainline aircraft

250-350 seat class, twin-aisle, high subsonic, medium to long range

transport aircraft.

(2) Regional aircraft

--Advanced turbofan regional aircraft

70-120 seat class short and medium range turbofan transport

aircraft.

--Turboprop regional aircraft

50-60 seat class short-haul turboprop transport aircraft.
--Advanced 70-seat turboprop regional aircraft

70-seat class short-haul turboprop transport aircraft.

(3) General Purpose Aircraft
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--Business Aircraft

Large, medium and small turbofan business jets, medium and

light (turboprop.
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--Multipurpose aircraft

With a maximum take-off weight of around 1 tonne, it is used for

training, recreational and aerial mapping operations.

--Special Aircraft

The maximum take-off weight is around 50 tonnes and is
used for rescuef/fire-fighting, forest protection, water transport
and other operations.

--Enhancement of existing products

The existing products, including the Transport-12F, have
undergone improvements such as cockpit pressurisation,
aerodynamic optimisation, engine replacement, increase in

maximum cruise speed and lift, and comfort enhancement.

(4) Helicopters

--Heavy Helicopter

With a maximum take-off weight of 30-40 tonnes, it is mainly
used for fire-fighting, lifting and installation of equipment and
materials, emergency rescue and land/sea law enforcement.

--Advanced Medium Utility Helicopter

Maximum take-off weight 7 tons, 16 passengers.

--Advanced light twin-engine helicopter

Maximum take-off weight 3-4 tonnes, 8 passengers.

--Enhancement of existing products

75



Comprehensive improvements to existing products such as
1-ton light piston single-engine helicopters, 2-ton light civil
helicopters, 4-ton twin-engine multi-purpose helicopters and
13-ton large civil transport helicopters were implemented to

improve service life, reliability and product quality.
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(5) Drones

Develop different levels of fixed-wing and rotary-wing
UAVs, break through key technologies such as miniature
mission loads, autonomous navigation, adaptive control, sensing
and avoidance, highly reliable communication, airworthiness and
airspace management, and gradually improve the reliability and safety
level of UAVs to meet the needs of various applications such as
border patrol, security and anti-terrorism, agriculture and forestry
operations, mapping, pipeline monitoring and maintenance, emergency

rescue, photography and entertainment.

2. Key common technologies

(1) Integrated Design and Verification Technology for Green

Vehicles

The use of multidisciplinary optimisation and new concept
layouts for efficient and environmentally friendly aircraft design
and verification, to achieve future low fuel consumption, low
emissions and low noise green flight.

(2) Research on the design, manufacture and verification

technology of typical main structures of composite

materials for aircraft and breakthroughs in the application of

thermoset resin matrix composites to main structures such

as wings and fuselages
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Design analysis, manufacturing processes, test verification and other

key technologies required for the structure.

(3) Large-scale lightweight monolithic and high-strength metal

structure manufacturing technology
With the fuselage wall panels, wing wall panels and landing
gear, frame beam ribs and other components as the main
targets, the focus is on research into the manufacturing process
of titanium alloys, aluminium alloys, aluminium-lithium alloys,
high-strength steels and other metal structures.

(4) Highly comfortable helicopter dynamics design and

verification techniques

Through comprehensive analysis and design of dynamic
loads, drive paths and airframe response, the vibration levels of
the helicopter are reduced and the reliability and comfort of the
helicopter is improved.

(5) Integrated integration of health monitoring, intelligent

maintenance systems and customer product support
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With technology

A comprehensive health management system integrating
flight status data, component failure data, life expectancy, fleet
management and ground operations for individual aircraft and

fleets.

3.1.4 Application demonstration projects

1. Web-based design/manufacturing/service integration

demonstration project

On the basis of improving the existing off-site collaborative
design and manufacturing platform, different levels of design
optimisation and whole-life product health management centres
with big data analysis/cloud computing processing capabilities
will be established to realise the management of the whole
manufacturing process and whole life of use.

2. Aircraft Intelligent Manufacturing Demonstration Project

Carry out demonstration of integrated application of intelligent
manufacturing technology for aircraft and helicopters, enhance intelligence,
and build a demonstration line for intelligent processing and
assembly of typical large components by 2020; build a number of
demonstration workshops for intelligent production of large
components by 2025.

3. Demonstration project for efficient and low-cost manufacturing

of large composite parts
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Carry out the development, application and test integration
demonstration of efficient and low-cost manufacturing
processes and equipment for large composite fuselages and
wings to form advanced development and production
capabilities.

4. Civil Aircraft Technology Integration Flight Verification

Application Demonstration Project
To build an integrated flight verification platform for civil
aircraft technology, master the integrated assessment and flight
verification methods for civil aircraft technology, accelerate the
maturity of civil aircraft technology and develop China's civil
aircraft integrated verification capability.
5. Civil Aircraft Demonstration Operation Project

To "make airlines want to use them, flight crews want to fly them and

passengers want to sit on them"
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The principle is to carry out demonstration operations of mainline aircraft,

regional aircraft and general aviation aircraft respectively and
Design optimisation to continually improve product performance,
daily utilisation and sign-on rates to improve route adaptability

and competitiveness.

3.1.5 Strategic Support and Assurance

1. Strengthening civil aircraft standards and regulations and

airworthiness capacity building

Establish a market-oriented and enterprise-oriented open civil
aircraft standard specification system, vigorously promote
innovation in civil aviation standardization, and focus on solving
the core technical standards and basic standards for civil
aircraft development; improve airworthiness validation and
verification capabilities, increase the number of validation
agencies and personnel, improve validation and verification
technologies, expand international bilateral airworthiness, and
meet the development needs of the civil aircraft industry.

2. Formulation of a general aviation development platform and

establishment of a joint industry association

Formulate an outline of China's general aviation aircraft
development and supporting policies, and step up efforts to
promote the development of the domestic general aviation

aircraft industry; at the same time, establish a general aviation
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manufacturing association to guide the rapid and healthy

development of the general aviation industry.

3. Support the construction of a marketing and service guarantee

system for domestic civil aircraft
Build a complete marketing and service guarantee system for
civil aircraft, enhance the international competitiveness of

China's civil aircraft industry and expand foreign exports.

4. Encourage the development of home-made special key

process equipment to improve the guarantee capability
Formulate development plans for aviation-specific process
equipment, focusing on special, critical and unavailable process
equipment; implement special policy support for the development of

domestic aviation-specific process equipment.
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3.2 Aero engines

The aero-engine industry refers to the integrated industrial
cluster of turbofan/turbojet engines, turboshaft/turboprop
engines and transmission systems as well as aero-piston
engines that integrate research and development, production,
maintenance and guarantee services. The aero-engine industry
chain is long, covering a wide area, and has a huge driving
effect on the national economy and science and technology

development.

3.2.1 Demand

Total cumulative global demand for turbofan/turbojet engines to exceed
73,600,000 over the next decade

The total cumulative demand for turboshaft engines exceeds 34,000 units,

with a total value of over US$416 billion.

The total cumulative demand for turboprop engines exceeded 16,000 units,
with a total value of over US$19 billion.

The total value exceeds US$15 billion; the total cumulative demand for

piston engines exceeds 33,000 units, accounting for

More than 60% of the market for through-flight power, with a total value of

approximately US$3 billion. Meanwhile, the domestic mainline passenger

The total cumulative market demand for large turbofan engines

exceeds 6,000 units, with a total value of over
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The opening up of low-altitude airspace will also further stimulate
demand for turboshaft, piston and other engines for general aviation

aircraft.

3.2.2 Objectives

By 2020, the CJ-1000A wil have completed model
development;te 1 OOOkgf class tubofan and 1000kW
class turboshaft will have completed demonstration and model
development; the aero-piston engine will have achieved
industrialisation; some products will have begun to capture the
domestic aircraft market and develop the after-sales service
market, further expanding China's aero-engine industry.

2025, CJ-1000A in commercial service; 1 OOOKkgf class turbofan,
1000kW class
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The key products, such as the turboshaft, completed their airworthiness

certification; the 5000kW-class turboprop completed its type development.
Achieved the first independently developed advanced large civil
turbofan engine in domestic commercial service, enabling

China's aero engine industry to enter the world's first echelon.
3.2.3 Development focus

1. Key products
(1) Large turbofan engines with large culvert ratios

CJ-1000A turbofan engine for the C919, a domestic mainline passenger

aircraft.

Wide-body passenger jet turbofan engine for a joint Russian-

Chinese wide-body passenger jet.
(2) Medium / small turbofan / turbojet engines

7000-11000kgf class geared turbofan engines for jet

regional aircraft.

5000kgf class turbofan engines for jet regional or business

jets.

1000kgf class small turbofan engine for 7-8 seat light business jets.
(3) Medium / high power turboshaft engines

1000kW class turboshaft engine for the new 5 tonne helicopter.

8000kW class high-powered turboshaft engine for future heavy

helicopter requirements.
(4) High-powered turboprop engines
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5000kW class turboprop engine for future turboprop regional
airliners and small to medium sized transport aircraft.

(5) Aero piston engines

200kW aviation piston engine, safe low carbon fuel such as
heavy oil and aviation biofuel, power to weight ratio greater than 3,
fuel consumption rate not greater than 235g/kWh, direct output

piston engine for light utility aircraft and UAVs.
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2. Key components

(1) Advanced large culvert ratio fan system

Titanium/resin based composite fan and composite fan
magazine in a wide chord swept design with a culvert ratio
of >8 and a stage pressure ratio of 1.6.

(2) Advanced Advanced Pressure Ratio High Pressure

Compressor

Multi-stage axial high-pressure presses with 9-11 stages and

pressure ratios >20.

(3) Advanced low-pollution combustion chamber

Outlet temperature >1700K, meeting ICAO CAEP/8
requirements for COx, UHC, NOx and smoke emissions.

(4) Single crystal/ceramic matrix composite high pressure turbine

blades

Single crystal/ceramic matrix composite, temperature
resistance >1700K, efficiency >0.91, total expansion ratio >4.8
for class 2.

(5) Advanced Health Management System

Contains condition monitoring, fault diagnosis and handling,
fault prediction and life-cycle management to significantly
improve mission safety and reliability and reduce life-cycle
costs.

(6) Advanced high performance long life transmission system
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Contains long life heavy duty bearings, high power
reducer and high speed drive system, speed > 20,000 rpm,
bearing TBO > 5,000 hours, maximum power transfer > 3,000 kW,
maximum power of reducer > 15,000 kW.

(7 ) Advanced full authority digital electronic control system

Integrated flight/propulsion active control, temperature

resistance >220°C, 50%-60% reduction in system cost.

3. Key common technologies
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(1) Advanced overall design and verification techniques

Contains advanced aerodynamic overall design and
integrated verification technology, integrated flight and
development design and verification technology, etc.

(2) Highly efficient high stability margin compression system
technology

Contains low noise large size fan/boost stage technology,
axial/centrifugal/combined pressuriser technology, high speed
propeller/propeller fan system technology, etc.

(3) High performance, low emission combustion chamber

technology

Contains high heat capacity annular/reflux combustion
chamber technology, ceramic based composite combustion
chamber technology, low emission tissue combustion
technology, long life flame tube technology, etc.

(4) High load, high efficiency, long life turbine technology

Contains single crystal/ceramic matrix composite turbine
blade technology, no guide vane counter-rotating turbine
technology, variable speed power/low pressure turbine
technology, etc.

(5) Advanced Aero Engine Design/Test/Integrated Maintenance

Assurance Technology

Contains advanced information technology, and integrated
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design/test/manufacturing/maintenance and security platform
technology, etc.
(6) Aero-engine key component remanufacturing technology
Contains remanufacturing of key parts such as turbine
blades and turbine discs, non-destructive testing, coating
recovery technology, remanufacturing/design and

manufacturing sharing technology, etc.

3.2.4 Application demonstration projects

1. Aero-engine integrated verification technology application

demonstration project
Formation of an aero-engine complete test system,
construction of a complete ground test stand, high-altitude test
stand, flight test stand and other common platforms to be applied

to aero-engine integration verification
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Demonstration.

2. Aero-engine Advanced Materials and Manufacturing Application

Demonstration Project

Formation of an advanced materials and manufacturing
R&D system, construction of R&D and verification systems for
green manufacturing, precision manufacturing and intelligent
manufacturing of titanium alloys, high-temperature alloys and
advanced composite materials, and promotion of their application
in the aero-engine industry to meet development cycle and
economic affordability needs.

3. Commercial Aero Engine Operation Demonstration Project

Carry out airworthiness certification and operational
demonstration of commercial aero engines, continuously
improve product performance and safety, and enhance the
competitiveness of the aero engine market to meet the needs of
airlines and passengers.

4. Aero-engine intelligent production line demonstration project

Using digitalisation, information technology and intelligent
technology to upgrade the engine production line, realise digital
interaction and collaboration in design and manufacturing, build
an intelligent production line for typical aero-engine products,
with agile manufacturing and flexible manufacturing capabilities

to meet the needs of rapid R&D and intelligent production of
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aero-engines.

5. Aero-engine key parts remanufacturing demonstration project

The use of advanced surface engineering and other
remanufacturing technologies, the implementation of aero-
engine turbine blades, turbine discs and other key parts of
remanufacturing, the  establishment of  aero-engine
remanufacturing and design and manufacturing of the feedback
interaction mechanism, research and development of key

special equipment for engine remanufacturing.

3.2.5 Strategic Support and Assurance

1. Strengthen top-level planning for aero-engine development,
implement major special projects for aero-engines as soon as
possible, and lay the foundation for strategic upgrading of the

aero-engine industry.
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2. Increase national strategic emerging industries to nurture the aero-
engine market, through appropriate

Aviation authorities' airworthiness certification and international
airworthiness bilateral agreements create conditions for domestic
aero engines to participate in international competition.

3. Build an intelligent innovation platform for aero-engines
and an intelligent product design/manufacturing/testing/service
guarantee integration platform to promote the development of
the engine industry.

4. Strengthen the construction of aero-engine airworthiness
capabilities and talent teams, improve airworthiness certification
and verification capabilities, and increase the number of
airworthiness certification bodies and talent teams to meet the
development needs of the civil aero-engine industry.

5. Strengthen the investment in basic aviation technology and
basic industrial construction, strengthen the development of
general/basic technology engineering applications such as material
manufacturing, and promote the development of independent

innovation in aviation engines.
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3.3 Airborne Equipment and Systems

Aviation airborne equipment and systems and supporting
facilities include avionics, flight control and aviomechanical
systems, as well as aviation materials and components and other
supporting industries. Aviation airborne equipment and systems
and supporting facilties are an important guarantee for
improving the performance of domestic aircraft, achieving
independent innovation in the aviation industry and forming the

competitiveness of the aviation industry.

3.3.1 Demand

There is a strong demand for airborne equipment and
systems and support for various types of aircraft and helicopters
in research, production and service at home and abroad. In the
next ten years, the output value of airborne equipment and
systems for dry and regional passenger aircraft will reach RMB

800 billion.

3.3.2 Objectives

By 2020, we will have established a three-tier
system of aerospace equipment and systems,
iNncludinmng systems, equipment and

components, and a long-term, stable, high-quality and reliable

97



system of aerospace materials and components and a
complete industrial chain.

By 2025, we will achieve a 30% market share of domestic dry
and regional aircraft airborne products; a 50% market share of
general aviation airborne products; cultivate a number of
system-level suppliers in key aviation airborne equipment and
systems; and achieve independent assurance of aviation

materials and components.
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3.3.3 Development focus

1. Key products
(1) Avionics

-Integrated processing and networking systems

It is equipped with comprehensive processing and
reconfiguration functions for on-board systems with more than
150 application partitions; it has a variety of information
intelligent collection and output functions, and the remote
interface unit can be dynamically configured; it has high-speed
security network functions and realizes open network
architecture.

-Integrated Navigation System

Includes inertial reference unit for atmospheric data with satellite navigation

and radio navigation functions.

--Cockpit Display and Control System

It is equipped with flight, navigation, engine parameters and
aircraft status information display and human-machine
interaction, and provides crew alert functions.

--Airborne maintenance systems

Condition monitoring, fault detection and isolation and trend
analysis are available, and the health assessment model has a

prediction fidelity of no less than 80%.
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--Communication systems

Features VHF communication, HF communication,
selective calling, satellite = communication, data link
communication, audio synthesis, radio tuning, emergency

locator transmission and cockpit door monitoring.
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(2) Flight control systems

--Main flight control system

Active control function and mastery of active side stick
technology; electric actuators on some of the manoeuvring
surfaces; ability to achieve integrated main flight control, automatic flight
and high lift integration systems.

--High lift system

Realisation of advanced high-lift systems equipped with
domestic dry and regional passenger aircraft; development of
high-lift systems with new technologies such as distributed

drive and adaptive.

(3) Electromechanical systems

--Hydraulic systems

Realisation of a 35MPa based high pressure system design for
the application of distributed hydraulic systems for domestic civil
aircraft.

--Electricity systems

Realisation of a wide frequency AC power supply system
with distributed automatic power distribution and single channel
power levels greater than 250kVA.

--Circuit control systems

Realisation of three-wheeled boosted high-pressure de-
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watering refrigeration system equipped with domestic transporters,
mastering the technology of four-wheeled boosted loop control
system and developing an electric loop control system.
--Auxiliary power systems
Integrated starting/generation function for multi-electric
combined power unit installation applications.

--Cabin equipment
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Knowledge of water/wastewater system pressure supply and vacuum

flushing technology for water/wastewater systems
The system is installed on civilian aircraft.
--Freight systems
Realisation of an integrated system for cargo-type aircraft and
a sliding carpet system for the cargo hold of passenger-type

aircraft.

2. Aerospace key components

(1) Display components

Development of highly reliable, high-capacity displays and
organic light-emitting diode displays suitable for airborne
conditions; development and application of new airborne
display components such as digital image sources.

(2) Inertial Devices

Developed high-precision resonant photonic crystal fibre-optic
gyro; carried out research on cold atomic gyro technology.

(3) High Power Power Devices

Engineering of 20kW high power brushless motors and 20kW
switched reluctance motors; mastery of packaging, testing and
screening techniques for silicon carbide diodes and

JFET/MOSFET chips.

(4) Aerospace-specific sensors
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Improve the monitoring accuracy and reliability of aviation
sensors for oil, gas, temperature and pressure; develop sensors
based on new sensitive materials, new encapsulation materials,

new conductive materials and other new materials.

(5) Intelligent skinned microelectromechanical systems
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Relevant MEMS technologies for the need of flexible wings and smart

skins

Research and
integration
verification. 3.
Key common
technologies

(1) General design technology for avionics systems

Includes requirements analysis and definition of avionics
systems for civil aircraft, avionics concept solutions for future
large passenger aircraft, and a model-driven avionics
automation design platform.

(2) Integrated Modular Avionics (IMA) technology

This includes the architecture design of integrated modular
avionics systems, the evaluation and simulation of modular
avionics systems, the principle prototype of integrated modular
avionics systems, and the demonstration and validation
techniques for IMA-oriented integrated airborne processing and
networking systems.

(3) Integrated Flight Control System Technology

This includes main flight control, automatic flight control, high lift
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integrated design and verification techniques, flight control computer
partitioning and isolation techniques, and advanced control law
design techniques.

(4 ) Electromechanical systems technology in multi-electric

systems

This includes power supply systems and specifications
adapted to multi-electric aircraft, highly reliable and fault-tolerant
power distribution technologies, auxiliary power system
technologies under multi-electric systems, green electric taxiing
technologies, and low energy fault-tolerant electromechanical
actuation technologies.

(5) Non-propulsion energy system technology for civil aircraft

This includes full aircraft energy distribution and
optimisation techniques, non-propulsion energy system
architecture solutions, and civil aircraft non-propulsion energy

system modelling and simulation techniques.
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3.3.4 Application demonstration projects

1.Demonstration Project of Intelligent Manufacturing of Airborne

Equipment and Systems

By 2018, we will build an integrated intelligent
manufacturing system with multiple types of production units
demonstrated by the backbone units of avionics and
electromechanical systems; by 2025, we will extend the system
to 40~50 enterprises and institutons, so as to achieve a
manufacturing capability comparable to that of mainstream
international aviation system suppliers.

2.Demonstration Project for the Application of Integrated

Verification Technology for Airborne Systems

Build an aviation airborne system integration verification
platform, break through the aviation airborne system architecture
organization consistency and conformity assessment technology,
master the aviation airborne system comprehensive assessment
and verification method, realize the aviation airborne system and
various technologies collaborative verification, and form China's
aircraft aviation airborne system integration capability.

3.Demonstration Project of Green Manufacturing Technology

Application for Aviation Airborne Equipment and Systems

In  response to national environmental protection
requirements, we will carry out analysis and application
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research on green manufacturing technologies to replace
traditional manufacturing technologies that are toxic, harmful,
highly polluting and energy-intensive, in order to guarantee the
construction of a "resource-saving and environment-friendly"

enterprise.

3.3.5 Strategic Support and Assurance

1.Proposal to establish a national key laboratory for airborne

equipment and systems
Through the Key Laboratory of Airborne Equipment and
Systems, we will increase investment, strengthen basic
research and advance research on key technologies, achieve
technological leapfrogging and comprehensively enhance the
technological capability of China's aviation airborne equipment
and systems.

2.Implementation of a national special programme for aviation

airborne equipment and systems
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Strengthen aviation airborne equipment through the implementation

of a national special program for airborne equipment and systems
It will also develop airborne systems that meet domestic and
international airworthiness regulations, and nurture system-
level suppliers to provide system-level shelf products for

international and domestic civil aircraft.
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3.4 Aerospace equipment

Space equipment mainly refers to launch vehicles,
satellites, spacecraft, deep space probes and other space
vehicles, as well as related ground equipment. The level of
space equipment is the core symbol of a country's space
capability, and is also one of the important symbols to measure
the country's comprehensive national power.

3.4.1 Demand

The development of space is a matter of national strategic
interests and security, satellite applications have become an
indispensable means of national innovation management,
protection of resources and environment, provision of universal
information services and cultivation of new industries, the output
value of satellite applications in China exceeded 100 billion yuan
in 2013, and is expected to reach 500 billion yuan in 2020 and
nearly 1 trillion yuan in 2025. Building a moderately prosperous
society and an innovative country has put forward a higher and
broader demand for the development of advanced space
equipment to guarantee access to space and the ability to
explore and use space resources.

3.4.2 Objectives

By 2020, a new generation of launch vehicles will be
formed, a national civil space infrastructure with complete main
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functions will be basically built to meet the main business
needs of China in various fields, the three-step task of manned
spaceflight and lunar exploration projects will be completed, the
rate of independent guarantee of space information applications
will reach over 60%, and a more complete satellite and
application industry chain will be formed.

By 2025, an efficient, safe and adaptable space
transportation system will be built, a national civil space
infrastructure with a reasonable layout, global coverage and
efficient operation will be established, a long-term stable and
efficient space application service system will be formed,
interplanetary exploration capabilities will be available, the
autonomous guarantee rate of space information applications
will reach 80%, and the industrial development will reach an

international advanced level.
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3.4.3 Development focus

1.Key products and major space projects

(1) Launch vehicles

The development of a new generation of non-toxic and
non-polluting Long March series of launch vehicles will be
completed, the first flight of the Long March 5 launch vehicle
will be realized in 2016, the development of a new generation
of medium-sized launch vehicles will be completed around
2020, a breakthrough in key technologies of heavy launch
vehicles will be made, and the ground test verification of heavy
launch vehicles will be completed in 2025 to enhance China's
ability to enter space independently.

(2) National civil space infrastructure

To build a national civil space infrastructure consisting of
satellite remote sensing systems, satellite communication and
broadcasting systems, satellite navigation and positioning systems
and other integrated systems in heaven and earth, which are
independent and open, safe and reliable, and operate
continuously and stably for a long period of time.

The satellite remote sensing system focuses on the
development of three satellite series: land observation, ocean
observation and atmospheric observation, gradually forming a

comprehensive and efficient global observation capability with
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a reasonable configuration of high, medium and low spatial
resolutions and an optimal combination of multiple observation
means.

The satellite communication broadcasting system develops
three satellite series: fixed communication broadcasting, mobile
communication broadcasting and data relay, gradually covering
major regions of the world and integrating with terrestrial
communication networks.

On the basis of the Beidou regional navigation system, the
satellite navigation and positioning system will continue to launch
and build the Beidou global satellite navigation system to form
a global service capability.

(3) Space Broadband Internet

Build a space-based backbone transmission network, a
space-based mobile broadband access network and a terrestrial
node network, and develop application terminals to form a
network interconnection, global coverage, broadband services

and mobile
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Guaranteed satellite communication systems, with terrestrial broadband

networks, fifth generation mobile communication systems, etc.

Interconnection and integration, the formation of China's independent

integrated information network of air, sky and earth.

(4) In-orbit maintenance and service systems

Construction of an in-orbit service and maintenance
system, forming the capacity for orbital rescue, fault repair, in-
orbit assembly and processing.

(5) Manned Spaceflight and Lunar Exploration Project

Promote manned spaceflight and lunar exploration projects.
According to the "three-step" strategy for manned spaceflight,
the construction of a space station will be initially completed
around 2020; according to the three-phase project plan for the
lunar exploration project, the lunar sampling return vehicle will
be developed and the lunar sampling return will be realized
around 2020.

Carry out subsequent programme demonstration and
engineering implementation of manned spaceflight and lunar
exploration projects. Complete the construction of space stations
and fully master the construction and operation, maintenance
and expansion technologies of large space facilities. Develop a
new generation of partially reusable, low-cost manned

transportation systems to and from heaven and earth, enhance
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core capabilities such as manned access to space and space
services, and promote the commercialisation of the exploitation
of space resources.

(6) Deep Space Exploration

It will develop deep space probes, establish a deep space
exploration engineering system, focus on Mars exploration, and
gradually implement exploration missions for asteroids and the
Jupiter system, and achieve Mars landing and survey

exploration in 2021.

2.Key technologies

(1) High Thrust Rocket Engines and Heavy Lift Vehicle
Technology

Breakthroughs in large thrust rocket engines, overall design of

heavy launch vehicles, large diameter arrows
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A series of major key technologies such as body structure

development and large launch vehicle test verification.

(2) Integrated Sky-Terrestrial Systems and Networking
Technology

Develop key technologies such as integrated system design
and integration between heaven and earth, constellation networking,
satellite formation flight, satellite payload integration, seamless
connection between satellite networks and ground networks,
and high-capacity space links.

(3) Long life, high reliability and high positioning accuracy

advanced satellite platform technology

Breakthroughs in high stability, high positioning accuracy,
large carrying capacity and strong agile remote sensing satellite
platform technology, high power, large capacity and long life
advanced communication and broadcasting satellite platform
technology, development of advanced agile platform, super
quiet platform, next generation large geosynchronous orbit
public platform, high reliable all-electric propulsion platform, etc.

(4) High performance, new payload technology

The development of high-resolution, high-precision, highly
reliable optical, microwave, laser and integrated detection and
other remote sensing payload technologies, high-power, large

antenna and multi-beam advanced satellite communication
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payload technologies, high-precision new navigation satellite
payloads and autonomous orbiting technologies, as well as
other new payload technologies such as advanced payloads
for deep space exploration.

(5) Key technologies for human spaceflight and in-orbit

maintenance and services

Breakthroughs in key technologies such as long-term
healthy survival and efficient work of astronauts in orbit,
construction of near-Earth space station assemblies, 3D printing
of spacecraft components in orbit, intelligent robots in space,
human-machine collaboration in space facility construction and
in-orbit maintenance services.

(6) Key technologies for deep space exploration

Develop key technologies for deep space exploration such
as interplanetary orbit design, deep space measurement and
control communications, high-precision autonomous navigation
and control, high-speed re-entry mini-returner, high-efficiency
energy and propulsion technologies, and special space
environment adaptation and testing technologies for planetary

exploration.
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3.Application demonstration projects

To carry out multi-level demonstrations of comprehensive
applications of satellite remote sensing, communication and
navigation in industry, region, industrialisation,
internationalisation and scientific and technological development,
to strengthen the sharing of spatial information resources and
the integration of applications with new-generation information
technology, and to actively promote the comprehensive application
of spatial information.

1.Demonstration project of comprehensive satellite
applications in the field of resource environment and ecological
protection. To provide timely and accurate space information
services for dynamic monitoring and early warning of resources
and environment, assessment and governance as well as major
national surveys.

2.Demonstration project on comprehensive application of
disaster prevention, mitigation and emergency response satellites.
Focusing on the major tasks of monitoring and early waming,
emergency response, comprehensive assessment and post-disaster
reconstruction of major natural disasters, the project will carry out
comprehensive application demonstrations in typical disaster
areas.

3. Demonstration projects on urbanization, regional and cross-
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regional satellite applications. Demonstration of comprehensive
satellite applications for new urbanisation, regional and main
functional area construction, "smart city" and "smart
transportation”.

4. Demonstration projects for industries and the general public.
Combining the needs of key industries for satellite applications as
well as the needs of the general public for satellite application
demonstration and promotion.

5.Demonstration project of comprehensive application of
satellites for the benefit of the people in remote areas. Aiming at
the sustainable development of remote areas and the demand
for universal services, the demonstration of comprehensive
satellite applications for communications, culture and education,

medical care and location services is carried out.

3.4.4 Strategic support and assurance

1. Promote the formulation of space law, improve national
space policy, data policy and pricing mechanism for space
products, and encourage social capital to enter satellite
communication and broadcasting and commercial satellite remote

sensing, etc.
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areas and support the development of terminal products and

applications based on autonomous satellites.

2.Promote aerospace digitalisation, networking and
intelligence, and establish a digital, networked and intelligent
manufacturing integration system that adapts to the
characteristics of aerospace products with multiple varieties and
small batches and collaborative design and manufacturing.

3.Implement aerospace independent and controllable
projects, break through the bottleneck constraints of aerospace
SoC/SiP, KW/MW-level high-power microwave components and
new high-power terahertz devices, high-end MEMS devices and
other aerospace-grade high-reliability components, high-
performance carbon fiber materials, (super) large-size aluminum
alloy materials, high-performance polymer fibers, deformed high-
temperature alloys and other key raw materials, and enhance the
independent guarantee capability of aerospace products.

4. Establish a "prime contractor-subcontractor-supplier"
division of labour and supply chain collaboration system, and
build an open and collaborative aerospace supply chain and

industrial chain.
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IV. Marine engineering equipment and high technology ships

4.1 Marine engineering equipment and high technology

vessels

Marine engineering equipment and high-tech ships are the
main carriers and means for human development, utilization and
protection of marine mineral resources, marine renewable
energy, marine chemical resources, marine biological resources
and marine space resources and other marine resources as well
as maritime transportation activities. Marine engineering
equipment and high-tech ship manufacturing is an important
part of China's strategic emerging industries and a pioneering
industry for the development of marine economy.

4.1.1 Demand

Since the new century, China's marine engineering
equipment and ship manufacturing industry has made
significant development: since 2010, China's shipbuilding three
major indicators for five consecutive years to maintain the world's
first; 2014, China's marine oil and gas engineering equipment,
the number of new orders and the total amount of orders ranked
first in the world; marine renewable resources development
equipment, as well as seawater desalination and comprehensive

utilization, marine observation, marine biological development and

72



other aspects of the equipment are The development of marine
renewable resources development equipment, as well as seawater
desalination and comprehensive utilization, marine observation,
marine biological development and other equipment have been
achieved. In the future, with the opening of the polar shipping lanes,
polar, deep sea and other resource development needs continue to
strengthen, marine food, marine new energy, marine mining and other
emerging industries continue to become new areas of the economy,
maritime safety and environmental protection requirements are
increasingly stringent, marine rights and interests to maintain the
situation is increasingly urgent, marine engineering equipment
and high technology ship demand will be further expanded. It
is expected that by 2020, the world market demand for marine
engineering equipment and high-tech ships will be about
US$170 billion.

The market demand is expected to increase to $260 billion by 2025.
4.1.2 Objectives

In 2020, we will enter the ranks of the world's leading
shipbuilding countries: we will build a more complete industry of
design, assembly and construction, equipment supply and
technical services for marine engineering equipment and high-

tech ships.
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system and standard specification system; major equipment design and

manufacturing capabilities among the world's leading, backbone

I ERMEETHREA ; BFTRERE5SEARMAA ERIT
Bt RE ERTiZ 08 2 B E 35%F 40% ; Bh5 AR MNE
REZHE/EMDRSE R EH/GTKTY ; BFIRERS
SEARMAKXBRENREBEEHERD 5EF] 40%HM 60% ;
R E 8 5¥ A ShEI R % ® The research and development bases
of domestic marine oil exploration technology, marine oil
exploration equipment manufacturing and application bases;
basically realize the core equipment on the surface of marine
engineering equipment, 500m-level underwater production
system and special system production and testing capability;
carry out research and development of marine mineral
resources, natural gas hydrate mining equipment, wave
energy/tidal energy and other marine renewable resources
development equipment, seawater desalination and other new
marine resources development equipment. Research and
development of key technologies and breakthroughs in some
key core technologies.
By 2025, it will become a powerful country in the
manufacturing of marine engineering equipment and high-
technology ships with certain influence: forming a complete

industrial system and standard specification system for the

74



design, assembly and construction, equipment supply and
technical service of marine engineering equipment and high-
technology ships; having more than five internationally
renowned manufacturing enterprises and leading international
design and manufacturing technologies in some fields; reaching
40% and 50% of the international market share of major marine
engineering equipment  and high-technology ships
independently developed, designed and built; reaching 50% and
80% of the independent matching rate of key systems and
equipment respectively; fully realizing the capability of
independent matching of marine equipment with core equipment
on the surface, 1500-meter-class underwater production
systems and special systems, The international market share of
the main marine engineering equipment and high-tech ships
independently developed, designed and built reaches 40% and
50% respectivelythe independent matching rate of key systems and
equipment reaches 50% and 80% respectively; the independent
matching of marine equipment with core equipment on the surface,
1500m-level underwater production systems and special
systems is fully realized, and the key technologies of design,
manufacturing, testing and installation of underwater production
systems at a depth of 3000m are broken through; the key

technologies of marine mineral resources, natural gas hydrate
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mining equipment, natural gas hydrate mining equipment,
natural gas hydrate mining systems, natural gas hydrate mining
systems, natural gas hydrate mining systems, natural gas
hydrate mining systems and natural gas hydrate mining systems
are fully realized, The company has the ability to develop new
marine resources development equipment such as marine
mineral resources, natural gas hydrate mining equipment, wave
energy/tidal energy and other marine renewable resources
development equipment, seawater desalination and other new
marine resources development equipment, and carry out pilot
applications of some devices; comprehensively build a digital,

networked, intelligent, green design
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Manufacturing system.

4.1.3 Development focus

1. Key products

(1) Integrated Marine Spatial Stereoscopic Observation System

Focus on the development and development of key
equipment and systems such as marine detection sensors,
shipboard marine observation instruments, marine buoys,
marine submersible beacons, underwater communication
equipment, marine environmental databases, maritime target
radar echo databases, etc. to achieve engineering applications.

(2) Marine oil and gas resources development equipment

The focus is on the development and integrated innovation
of marine conventional and polar oil and gas resources
exploration/exploitation and production equipment, surface
support equipment, engineering vessels and equipment such as
deepwater and ultra-deepwater drillships, pipelay cranes and
offshore support vessels; the development and industrialisation
of oil and gas production equipment such as deepwater and
ultra-deepwater semi-submersible production platforms, large
and medium-sized liquefied natural gas floating production,
storage and offloading units (LNG-FPSO/FSRU)floating drilling
production, storage and offloading units (FDPSO), tension leg
platforms (TLP), deepwater column platforms (Spar)
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and production support equipment such as
underwater production systems, deepwater physical
exploration vessels of 12 cables or more, and
industrialisation of production support equipment.
FDPSO, TLP, Spar, and other oil and gas production
equipment, as well as the development and industrialisation of
production auxiliary equipment such as subsea production
systems and deepwater exploration vessels with more than 12
cables.

(3) Marine mineral resources development equipment

Focus on the development and application of polymetallic
nodules, cobalt-rich crusts and other seabed resources
exploration, combustible ice development equipment, drilling
and related vessels and equipment.

(4) Marine Renewable Energy Development Equipment

Focus on the development and industrialisation of marine
renewable energy development and utilisation equipment such
as offshore solar energy, offshore wind energy, tidal energy,
wave energy and temperature difference energy.

(5) Equipment for offshore island use and safety and security

Focus on maritime law enforcement command and dispatch

system, large/ultra-large floating security base
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The following are some of the most important floating airports in the
world: the Earth, very large offshore floating airports, offshore satellite

launch platforms, medium-sized floating islands and reefs.
The development and application of equipment such as
platforms, construction devices for the development and
construction of distant sea islands and reefs, and support
platforms for distant sea communication network systems.
(6) Deep-sea exploration and expedition equipment

Focus on the development and application demonstration of 300-

tonne class underwater large manned transport equipment, and

3000 tons of small nuclear-powered underwater large manned
transport equipment system assembly integration; deep-sea
geological and environmental exploration, hydrological
monitoring, environmental investigation, offshore oil spill
monitoring and treatment and other key equipment and systems
development and application; scientific research vessels,
unmanned and manned submersibles and other deep-sea
exploration equipment development and application.

(7) Deep-sea fish farming/Marine food and marine medicine
equipment
Using the vast expanse of China's seas, combined with
traditional/emerging fisheries production, develop high value-
added fish farming equipment suitable for the deep sea. Develop

marine food and marine medicine equipment to suit demand.
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(8) Super eco-friendly ships

Focus on the development of super eco-friendly oil tankers, bulk
carriers, container ships and other international routes, feeder vessels,
as well as dual-fuel vessels with direct river and sea access. To
reduce greenhouse gas (coz emissions by more than 50%, using
technological developments during the period when the MARPOL
Convention was in force as a baseline.

(9) Polar transport vessels

Focus on the development of polar oil tankers, container
ships and other ships applicable to the requirements of different
ice classes, with emphasis on the research of PC3 and PC4 ice
class ships to achieve safety, economic and environmental
characteristics at the international advanced level.

(10) Offshore fishing vessels

Focusing on ocean-going tuna fishing vessels, deep-cooled

transport vessels, Antarctic krill fishing plus
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Integrated research for industrial vessels and equipment for fishing

exploration, fishing, processing, deep-freezing storage and transport

The system.

(11) High Performance Law Enforcement Operating Vessels

The focus is on the development of new high-speed, multi-
functional maritime official law enforcement vessels, deep-sea
rescue vessels and sewage salvage vessels.

(12) Large Luxury Cruise

Focus on the research of the overall design, general
arrangement, design, interior, structure, special structure and
hydrodynamic performance optimisation design technology of
medium (100,000 gross tonnage)and large (200,000 gross
tonnage) luxury cruise ships to realise the development of
medium and large luxury cruise ships.

(13) Large LNG fuel powered vessels

We have achieved the conversion of ships from traditional
diesel fuel to liquefied natural gas (LNG), and achieved
independent intellectual property rights in the design and
construction technology of our main ship types, with a localisation
rate of over 70%.

(14 ) Large low speed engines for marine applications

The development of a full range of independent intellectual

property rights for large low-speed engines (diesel, gas and dual-fuel
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engines) for ocean-going vessels has been achieved, with the basic
realization of self-support for heavy parts and other components.

2.Key components

(1) Underwater production control systems

Through breakthroughs in underwater control equipment
modularity and integration technology, underwater control
system communication technology, underwater control system
electro-hydraulic  transmission calculation and analysis
technology, underwater control system fast link technology,
underwater control system installation and testing technology,
etc., to master the core technology of underwater control, to
achieve the development and industrial application of all-

electric control system.
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(2) Core technologies and equipment for subsea oil and gas
production systems

The focus is on engineering technologies and key
equipment for subsea oil and gas production systems in
shallow waters and engineering applications for subsea oil
recovery trees at 500-1500m water depth.

(3) Underwater specialised equipment and equipment

Development of mainstream subsea pipelines, reel-to-reel
subsea pipeline laying sets, deepwater manned underwater
vehicles (HOVsand deepwater subsea pipeline working tools.

(4) Deep sea mooring and power positioning control systems

Focus on breaking through the key core technology of
deep-sea mooring or power positioning system for large
offshore operation equipment, and carry out industrial
application of deep-sea mooring and power positioning system.

(5) Key components for high efficiency, low emission, high

power, low speed engines
Focus on marine high power engine casting and welding
technology of steel cylinder block, high efficiency turbocharger
technology, fuel injection system, in-cylinder process, intelligent
speed control system design and experimentation technology,
intelligent core control components and system key mechanical

parts design technology, long-term very low load operating
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conditions of marine low speed engine key parts technology,
modular design and integration technology research, to achieve
high power Low-speed engines are produced independently.

(6) Intelligent monitoring systems for ships

The focus is on the integration of technologies such as
integrated ship-shore data exchange technology, multi-source
sensor data fusion technology, integrated ship intelligent
navigation application technology, multi-dimensional data model

transformation and reality.

(7) Key components for marine LNG and other gas fuel

systems
Focus on the development of equipment components
required for the filling system, gas storage system and gas
supply system of LNG gas-fuelled power vessels (including

refuelling vessels), and the realization of the vaporizer, the

84

supply



Independent production of key equipment and components such as

deep submersible pumps and line valve parts.
(8) Hull friction resistance reduction coatings
Focus on breakthroughs in new high-performance
resistance-reducing coating technology, air lubrication
resistance-reducing technology for ship bottom, etc.

(9) Cryogenic materials and cold-proofing equipment
Focus on research and development of low-temperature
materials, pumps, valve components and other core hydraulic
components suitable for polar navigation vessels for low-

temperature start-up and sealing technology.

3.Key common technologies

(1) New materials and design technologies for lightweight hull

structures

Focus on the research of corrosion control technology for
large ships and offshore platform equipment based on new
high-performance steel materials, and the development of new
high-performance steel materials and composite materials that
combine excellent properties such as ultra-high strength,
toughness and long life.

(2) High Performance Energy and Energy Storage Technologies

Focus on breakthroughs in high energy density, high

reliability and long life energy and storage technologies
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required in harsh operating environments.

(3) Deep sea information transmission technology

Focus on breaking through the key information
transmission technologies required for deep and distant sea
data collection equipment, data transmission equipment,
information fusion processing equipment and data application
service equipment.

(4) Underwater installation technology

Focus on breakthroughs in key technologies such as
underwater installation and positioning technology, mechanical
analysis and numerical calculation of the installation and
devolution process, and impact analysis technology of the
installation process to achieve independent installation and
service of underwater equipment.

(5) Safety and reliability technology
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Focusing on the development of computational models for risk
analysis of marine floating structures and underwater equipment

through
Type studies to maximise the reliability and safety of marine floating
structures and subsea systems.

(6) Numerical pool technology

Focus on tackling the overall design and development of
numerical pool hydrosolver, ship rapidity, wave resistance and
operability, marine environment flow field, marine platform
motion and load, eddy vibration/motion and other key
technologies for platform/system engineering applications, forming a
numerical simulation wisdom system for marine equipment
hydrodynamics (referred to as numerical poolf”

(7) Marine Engineering Equipment Offshore Testing Technology

With the objective of systematically solving the
fundamental problems of the independent and industrialization
of key supporting equipment for China's marine engineering
equipment, through the construction of marine engineering
equipment sea test site, to achieve durability and reliability tests
for various types of platform equipment and underwater
equipment, to accelerate the process of localization of China's
marine engineering equipment.

(8) Energy saving technology for ship type optimisation
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The focus is on the integration of technologies such as
low resistance hull main scale and line design technology, hull
superstructure air resistance optimization technology, hull
navigation longitudinal tilt optimization technology, low wave stall
speed hull line design technology, air lubrication on the bottom
of the ship to reduce resistance, and structural optimization
design to reduce the weight of empty ships.

(9) Ship propulsion plant design technology

The focus is on the rational integration of high efficiency
propeller optimisation design technology, POD-CRP combined
propulsion device design technology, propeller/rudder
integration design technology, propeller/transom optimisation
matching design technology, high efficiency rim-to-transom
combined propulsion technology, and stacked blade double

propeller counter-rotation propulsion technology.
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(10) Renewable/clean energy utilisation technologies
Focus on breakthroughs in dual-fuel engine technology,

gas engine technology, wind power boosting technology, new
wind turbine technology, solar cell application technology,
nuclear energy propulsion technology, LNG fuel ship fuel
supply system/equipment design and manufacturing
technology, etc.

(11) Vibration and noise reduction and comfort technology

Focus on breakthroughs in equipment vibration isolation
technology, high-performance marine acoustic materials,
construction acoustic technology and outfitting management,
active control technology for acoustic vibration, comfort cabin
design technology, structural acoustic design technology,
propeller noise control technology, etc.

(12) Intelligent design and manufacturing technology for ships

Internet/Internet of Things based on the realization of domestic

and international cooperation in the relevant industries
Numerical pool technology based on information technology
such as /e-technology/big data/cloud computing, ship overall
multidisciplinary optimization (MDO) design technology, risk-based
design assessment technology, ship energy efficiency
assessment and verification technology based on loT/big data

technology, ship design and construction integrated design 3D
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technology, efficient propulsion and navigation safety design
technology; ship intelligent welding technology, ship intelligent
manufacturing integration platform technology, ship intelligent
manufacturing equipment technology, etc.

4.1.4 Application demonstration projects

1.300 tonne class underwater large manned transport equipment

application demonstration
2.Demonstration of a large floating base at sea (logistics,
rights maintenance, fisheries deep-sea farming or tourism)

3. Super eco-friendly ship application demonstration

4. Demonstration of the application of domestic equipment in high

efficiency oil/gas fields

4.1.5 Strategic Support and Assurance
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1.Increase investment in scientific research programs for marine
engineering equipment and high technology ships, and carry

out heavy

Point equipment and key systems and equipment development,
as well as digitalisation, networking and intelligent technology
application research.

2.Launch a major project on deep and distant sea
technology and carry out the development and application
demonstration of underwater large-scale manned transport
equipment.

3.Develop and implement a plan to promote the independent

development of the ship and marine engineering supporting
industry.

4.Increase investment in basic scientific research and
enhance the ability to collect and analyse basic scientific
research databases; improve the level of basic analysis
software and methods; and strengthen research on international
standards and branding capabilities.

5.Establish a public testing/inspection platform for deep-
sea engineering equipment, enhance the public
testing/inspection capability of deep-sea technology and
equipment, and accelerate the construction of independent
innovation capability.

6.Establish a national marine engineering equipment
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testing technology centre, strengthen basic scientific research
and innovative technology research and development of marine
engineering equipment, and achieve domestic and international
peer recognition in testing technology, testing technology,
forensic technology, certification technology and risk

assessment technology.
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V. Advanced rail transportation equipment

5.1 Advanced Rail Transit Equipment

Rail transportation equipment is the main carrier of national
public transport and bulk transport, is a high-end equipment
manufacturing industry, is also an important representative of
China's high-end equipment "“going out®® . Advanced rail
transportation equipment includes modern technology of mainline
rail transportation, regional rail transportation and urban rail
transportation,  transportation  equipment, = commutation
equipment, transportation control equipment and road network
equipment. The rail transportation manufacturing industry will
focus on the development of safe and reliable, advanced and
mature, energy-saving and environmentally friendly green
intelligent spectrum of products, the establishment of the world's
leading modern rail transportation equipment industry system, to

achieve global operational development.
5.1.1 Demand

China is the world's largest market for rail transportation
equipment. It is expected that during the 13th Five-Year
11 period, the country will build no less than 23,000
km of new railways, with a total investment of no less than 2.8

trilion yuan.
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The demand for railway equipment in China will remain high. By the end
of 2014, China had 38

The construction of rail transit has been approved by the state in more
than 6,680 kilometres of planned mileage in six cities, with an

estimated

By 2020, more than 50 cities in China are expected to build rail transit in the

next decade.
The average annual demand for urban rail vehicles will exceed 5,000
units.

According to statistics, the global rail transportation
equipment market has shown a strong growth trend. From
2015 to 2020, the global demand for rail transportation vehicles
will be €53-61 billion, with a compound annual growth rate of 3.30%,
and from 2021 to 2025, the demand will be €63-73 billion, with a
compound annual growth rate of 3.75%. Our government is
strongly promoting the implementation of the "One Belt,
One Road" strategykconstruction of interconnection projects
along the "*One Belt, One Road" and in the radiating
regions will provide a strong impetus to the development of

rail vehicles in China.
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The rail transportation equipment manufacturing industry brings

considerable market demand.
5.1.2 Objectives

By 2020, rail transportation equipment research and
development capabilities and leading products to reach the
global advanced level, the industry sales value of more than 650
billion yuan, the proportion of overseas business more than 30%, the
proportion of services more than 15%, key products into the

developed markets in Europe and the United States.

By 2025, China's rail transportation equipment
manufacturing industry to form a sound, continuous innovation
capacity of the innovation system, in the main areas of the
implementation of intelligent manufacturing model, the main
products to reach international leading level, overseas business
accounted for 40%, service business accounted for more than
20%, leading the revision of international standards, built the
world's leading modern rail transportation equipment industry

system, occupy the top end of the global industry chain.

5.1.3 Development focus

1.Key products

(1) China Standard High-Speed Locomotives. In-depth

research on the standardization, serialization, modularization of
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the rolling stock, as well as the whole vehicle joint tuning and
test verification and other related technologies, the formation of
the Chinese standard high-speed rolling stock technology
platform, the completion of the independent Chinese standard high-
speed rolling stock product series engineering verification and
application assessment. The target speed class is 350km/h;
formation mode: 8 units in formation, 4 moving and 4 towing;
axle weight: <17t of efficient and low noise new high-speed

rolling stock.

(2) 30-ton axle heavy-duty electric locomotives. To build a
research and development platform for 30-ton axle heavy-duty
electric locomotive systems, develop key components and
systems such as traction converter and control systems, braking
systems, etc. for electric locomotives suitable for 30-ton axle
heavy-duty requirements, and develop 30-ton axle heavy-
duty freight electric locomotives with independent
intellectual property rights. The target speed class is
120km/h; traction power: 9600kW; axle type 2 (B0-B0); axle weight:

30t of heavy
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Carrying electric locomotives.

(3) Intercity rapid trainsets. Completion of the development,
engineering verification and operational assessment of intercity rapid
trainsets in two speed classes, 120-140/140-160 km/h, adapted to
different natural environments and line conditions, with AC25kV
and DC1500V power supply systems.

(4) 100% low-floor modern trams. Developed to suit different technical

routes
(Partial gridless hybrid or power battery; full line gridless
supercapacitor energy storage) 100% low-floor modern trams
with independent intellectual property rights, complete the
complete vehicle test verification and operational assessment,

and establish technical standards and specifications.

(5) Medium- and low-speed magnetic levitation system. On
the basis of the successful independent development of the
demonstration trains of normal-conducting short-stator medium-
and low-speed maglev, build a technical platform for the design,
manufacture, testing and inspection of medium- and low-speed
maglev systems, and establish technical standards and

specifications.

2.Key components

(1) Power semiconductor devices. Focus on breaking

through the technical bottleneck of silicon-based IGBTs, MOSFETs
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and other advanced power semiconductor device chips,
promoting the application and industrial development of domestic
silicon-based devices; promoting the research and development
and industrialization of next-generation power semiconductor

devices such as silicon carbide (SiCand gallium nitride (GaN).

(2) Power supercapacitor components. Research and
development of 12000F, 3.0V, 10Wh/kg, 1 million times charge and
discharge single components of high power, high energy, long
life, high safety, maintenance-free supercapacitors, and
promote the industrialization of energy storage type electric

traction technology for urban public transport.

(3) High-speed rolling stock axles/wheels.
Breakthroughs in metallurgical quality control of steel for
axles/wheels, material heat treatment processes, surface
corrosion and wear treatment technologies for hollow axles, and
the development of autonomous axle/wheel batch applications

for high-speed rolling stock.
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(4) Train braking system. Development of a new generation of

high-power AC-driven locomotives, self

Mainstreaming high-speed rolling stock braking system,

technology to reach international advanced level, to achieve

import substitution.

(5) Communication signal equipment. Breakthroughs in key

technologies such as on-board ATP, on-board ATO, ground

RBC/ZC, ground train control centre, ground interlocking

equipment and wireless communication broadband for train

control systems, and the development of autonomous railway

communication and signal equipment covering high, medium

and low speeds.

(6) Gear transmission system. Carry out technical

research on gear transmission systems for high-speed trains,

intercity fast trains and modern trams, breakthroughs in gear

heat treatment, light alloy case casting, online fault diagnosis

and other technologies, and develop gear transmission products

suitable for different platforms.

(7) Hook cushioning system. Breakthrough in integrated

manufacturing process, overload protection, energy absorption

and other technologies for urban rail vehicles and high-speed

rolling stock hooks, and development of semi-automatic,

automatic and semi-permanent hook series products.
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3. Key common technologies

(1) New vehicle body technology. Application of new
materials such as magnesium and aluminium alloys to develop
lightweight vehicle bodies suitable for intercity rapid trains and

modern trams that meet the requirements of EN12663.

(2) High performance bogie technology. Development
of a range of bogies with high adhesion weight utilisation,
excellent dynamics, different axle series and different model

configurations.

(3) Electric drive system technology. Complete the
development and application of silicon carbide power
electronics devices and promote the application of energy-
feeding bi-directional variable current technology; promote

permanent magnet motor drive technology

102



with gearless direct drive technology.

(4) Energy storage and energy saving technology.
Accelerate the development of supercapacitors with high energy
density and utilise their excellent charging and discharging
performance to achieve grid-free operation and energy

recyclable operation for the whole line of trams and trolleybuses.

(5) Braking system technology. Research on braking
control technology for high-speed trains, fast trains and
modern trams, and complete the autonomy of devices and key

components.

(6) Train network control technology. Independent
development of network control systems for Chinese standard
high-speed trains and intercity rapid trains, as well as
standardised, standardised and serialised hardware and

software platforms for modern trams with Ethernet systems.

(7) Communication and Signal Technology. The
research focuses on advanced rail transit safety processing
platform technology, vehicle-ground information exchange and
safety communication technology, safe allocation and
optimisation of travel permits, automatic train operation
technology (ATO) high-speed railway train control system life-cycle
maintenance guarantee technology, high-speed train wireless

data transmission technology, etc.
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5.1.4 Application demonstration projects

1. Demonstration of "green and intelligent engineering
prototype®® .  Integration of cutting-edge technologies for
urban rail transportation such as energy storage power supply,
new high-efficiency converter of silicon carbide, high-efficiency
permanent magnet synchronous motor drive and automatic driving
based on energy-optimal characteristics to set up a sample of

green and intelligent rail transportation vehicles in China.

2. Demonstration of "Green Intelligent Rail Transit
System Integration Project". On the basis of the
implementation of the "green intelligent engineering prototype"
project, the "green intelligent rail transportation equipment
integration project®® e implemented by integrating
Ethernet-based gigabit bandwidth real-time control, network

control and bi-directional energy feeding technologies.
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3. "Demonstration of a life-cycle service system for rail transport

equipment based on the Internet of Things.
Green intelligent rail transit vehicles as a "mobile terminal®;
integrated vehicle intelligent state monitoring, fault disaster
monitoring system and other networked, intelligent technology, to
explore the establishment of "Internet of Things-based rail

transit equipment whole life cycle service system®?

5.1.5 Strategic Support and Assurance
1. Improving innovation capacity

With enterprises as the main body, the combination of
industry, academia, research and application, strengthening the
basic and forward-looking research of technology, establishing
and improving national R&D bases such as the National
Engineering Laboratory for Electric Locomotives and Urban Rail
Vehicles and the National Engineering Research Centre, and
implementing the "New Generation Advanced Rail Transit

Equipment" industrial innovation development project.
2.Building an international standard system

Strengthen product quality inspection and testing capacity
building, accelerate the cultivation of the establishment of third-
party professional inspection and certification bodies, the
establishment and improvement of rail transportation

equipment product certification system. Strengthen the
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research and revision of rail transportation equipment standards,
and encourage competent units to take the lead in developing

international standards.
3.Supporting international operations

Strengthen the macro guidance and services for enterprises
to "go global®*, and guide competent manufacturing enterprises to
seize the opportunity of global industrial redistribution, go global in an
orderly manner, carry out greenfield investment, M&A investment, joint
investment, etc., and set up R&D institutions, manufacturing bases

and marketing networks abroad.
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VI. Energy-saving and new energy vehicles
6.1 Fuel efficient cars

As conventional vehicles will continue to dominate
consumption in the next 30 years, the widespread adoption of
fuel-efficient vehicles will play a crucial role in easing the
pressure on energy and the environment in China. The
continued optimisation of conventional vehicle technology is also an
important step for the Chinese automotive industry to close the
gap and facilitate the development and market introduction of
new energy vehicles.

An energy-efficient vehicle is one that is mainly powered by
an internal combustion engine and has a combined working fuel
consumption better than the next target value.

6.1.1 Demand

At present, the consumption of automotive gas and diesel
fuel accounts for about 55% of the national consumption of gas
and diesel fuel, and more than 70% of the annual new oil
consumption is consumed by new vehicles. Along with the
increasing stringency of energy-saving and environmental
protection regulations, there is a strong demand for energy-
efficient vehicles at the national level, at the enterprise level and
at the user level. In recent years, the average fuel consumption
of vehicles has continued to fall, and the market for energy-
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efficient vehicles has been rapidly increasing, with annual sales of
energy-efficient vehicles in China expected to reach 30% of the
total automotive market demand in 2020 and over 40% in 2025.

6.1.2 Objectives

By 2020, a market-driven, enterprise-oriented and closely
integrated industry-academia-research-application energy-
saving vehicle industry system will be formed. The market share
of autonomous products will reach 40%; the fuel consumption of
new commercial vehicles will be close to the intemational advanced
level and the market share of domestically produced key
components will exceed 70%; the average fuel consumption of
new passenger vehicles will be better than JLUlknand the
market share of domestically produced key components will
exceed 50%; there will be star models and star vehicle
enterprises and the top 10 energy-saving vehicle sales will reach
5 enterprises. The quality level of domestic products PP100 is

comparable to that of joint venture brands.
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By 2025, a complete energy-efficient automobile industry chain with
independent control will be formed, and the market for independent

products will be expanded to include the following

The average fuel consumption of new passenger cars is better
than 4100km, and the market share of domestic key
components exceeds 60%; the top five companies in sales of
energy-saving vehicles reach three, the reputation of independent
products exceeds that of joint venture brands, and the market
share of independent key components reaches 60%, with Energy-
efficient commercial vehicles of world advanced level, and the
export of commercial vehicles to 20%.
6.1.3 Development focus

1. Key products

(1) Fuel-efficient internal combustion-powered passenger

vehicles

Focusing on the development and mass popularisation of
small-displacement energy-efficient passenger cars, we will
realise the technological upgrading of petrol engines, energy
loss reduction, low and medium voltage boost and energy
recovery, advanced diesel engines and other technologies in
the full range of passenger car products.

(2) Hybrid passenger cars

The development and popularisation of hybrid passenger cars
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above the A-class level will be the main focus, and the
promotion and application of hybrid technology in the full range
of passenger cars such as family cars and business cars will be
achieved, with the energy-saving effect of comprehensive
working conditions exceeding that of conventional power by
20% in the same period.

(3) Fuel efficient diesel commercial vehicles

Focus on the development of energy-efficient semi-tractor
trailers and other high-volume products, and promote the
application of high-efficiency powertrain, integrated electronic
control and light weight technologies in the full range of
commercial vehicles. Commercial vehicles in the top 20% of the
market in terms of fuel consumption and market share will be the
driving force for the formation of energy-saving brand products
with Chinese characteristics.

(4) Hybrid commercial vehicles
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The large-scale development of hybrid city bus buses is the main
focus to achieve the powertrain

The application of specialised design, control strategy
optimisation and other technologies to the full range of buses
and logistics vehicles has resulted in a 25% reduction in fuel
consumption in urban conditions compared to the same models
powered by internal combustion.

(5) Alternative fuel vehicles

Achieving the mass application of low carbon fuels such as
natural gas in commercial and passenger vehicles, with better
whole life carbon emissions than gas and diesel fuel efficient
products.

2. Key components

(1) High efficiency internal combustion engines

Passenger car gasoline engine thermal efficiency = 40%,
independent products equipped with a rate of 40%. Heavy
commercial vehicles diesel engine thermal efficiency = 52%, the
independent product equipment rate of 60%.

(2) Key components for efficient internal combustion engines

Breakthroughs in variable valve, variable compression ratio,
supercharging and high efficiency after-treatment technologies
with a 35% market share;

Breakthrough in gasoline injection at 250 bar and diesel
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injection above 2000 bar, with a market share of 15%.

Breakthrough in exhaust gas energy recovery technology for

industrialisation.

(3) Electronic control systems

Engine and transmission electronic control systems will
reach the international advanced level, and the domestic market
share of domestic core controllers will reach 20%, while the
domestic market share of key sensors will reach 80%. The
domestic market share of domestic hybrid power core controllers
will reach 80%. The domestic market share of key controller chips
will reach 30%, and the application rate of independent real-time

operating system will reach 50%.
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(4) Hybrid motor/battery/specialised engine

Passenger cars 20s effective specific power = 4kW/kg;
commercial vehicles 30s effective specific torque = 19Nm/kg;
battery single specific power more than 8kW/kg, and achieve
batch consistency; inverter power density of not less than 2kW/
L, the development of efficient and highly reliable for hybrid
special engines. Product market supply capacity to meet

independent demand and to achieve the supply of foreign brands.

(5) Low and medium voltage boost and energy recovery

technology

30% market share of in-house products, with battery system costs
reduced to $3.6

/Wh, integrated power unit achieving power density = 11kW/L

(including heat sink)

(6) Efficient automatic transmission

Breakthroughs in key technologies for dual clutch automatic
transmissions (DCT) continuously variable transmissions (CVT)
and automatic transmissions (AT df more than 6 speeds, mechanical
automatic transmissions (AMT) and other assemblies, and
industrialisation, accounting for more than 40% of the
independent market share.

(7) Key components for automatic transmissions

Breakthrough in clutch assembly, high-pressure silent oll
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pump, electro-hydraulic coupling hydraulic valve body, hydraulic
torque converter technology, to achieve industrial development,
key components independent market share of more than 40%.

(8) Lightweight components

Representative  lightweight components such as
steel/aluminium hybrids, aluminium/fibore and carbon fibre
bodies account for 20% of the market. A wide range of
lightweighting technologies are applied to components such as
bodies, body closures, wheels, subframes, transmission
housings, brakes, wire harnesses and wiring controls.

(9) Low rolling resistance tyres

Domestic energy-saving tyres continue to improve wet-slip, abrasion

and noise performance, with reduced rolling resistance
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The company has achieved fuel savings of more than 6% and a market share of more than
50% of its own products.

3. Key common technologies

(1) Vehicle integration technology: breakthroughs in
series development, matching and control technology for
energy-efficient vehicles.

(2) Power technology: breakthroughs in combustion and
control technology for miniaturised supercharged direct
injection petrol engines, breakthroughs in combustion and
control technology for high-efficiency commercial vehicle diesel
engines, and breakthroughs in advanced diesel engine
technology for passenger cars.

(3) Transmission technology: breakthroughs in the development
and control technology of highly efficient automatic

transmissions.

(4) Lightweight technology: breakthroughs in lightweight
materials, composite materials, performance analysis, forming
and joining of automotive parts and other technical problems.

(5) Low resistance technology: breakthroughs in low
wind resistance, low rolling resistance, low friction and other
technical challenges.

6.1.4 Application demonstration projects

1.The Energy Efficient Vehicle Enterprise Leader Demonstration

Project.
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2.Vehicle Energy Efficiency Level Marking and Application

Demonstration.

3.Energy efficient commercial vehicle fleet application

demonstration.

4. Demonstration of the application of energy-efficient products for

official vehicles/large event vehicles.

6.1.5 Strategic support and assurance

1.Formation of an independent innovation development plan for

energy-efficient vehicles at the national level.

2.Establishment of the Institute of Common Basic Technologies for

the Energy-Efficient Vehicle Industry.
3.Implementation of sustainable and viable energy efficient
vehicle subsidies, tax incentives and a high taxation system for

high fuel consumption vehicles by tier.

4.Increase key core technologies such as high-efficiency powertrain,

low driving resistance and lightweighting
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R&D support for technology, strengthening industry cooperation and

developing common generic technologies.

5.Improve the system of standards and regulations, enhance
testing and evaluation capabilities, and strengthen market

supervision.
6. Improve the assessment mechanism for enterprises and
give policy and financial support to leading energy-saving product
enterprises.

7.Set up a demonstration fund to grant subsidies for demonstration

projects of energy-efficient products.
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6.2 New Energy Vehicles

The large-scale development of new energy vehicles is an
important strategic initiative to effectively alleviate the pressure
on energy and the environment in China and to promote
technological innovation and transformation and upgrading of
the automotive industry.

New energy vehicles refer to vehicles with a new type of
powertrain, driven entirely or mainly by a new type of energy
source, and mainly include pure electric vehicles, plug-in hybrid
vehicles and fuel cell vehicles.

6.2.1 Demand

In 2014, China sold 75,000 new energy vehicles, up 3.2
times year-on-year, making it the second largest new
energy vehicle market in the world. International forecasts
suggest that China will become the world's number one market
for new energy vehicles by 2020. As new energy vehicles become
more popular in the household, public service, bus, taxi and logistics
sectors, annual sales of new energy vehicles in China will reach
more than 5% of the total automotive market demand in 2020 and
increase to around 20% in 2025. Under the demand of the
national target of total carbon emission and primary energy
substitution, the annual sales ratio of new energy vehicles will
continue to increase significantly in 2030, with the scale
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exceeding 10 million units.

6.2.2 Objectives

By 2020, a market-oriented, enterprise-oriented and
industry-academia-research-application new energy vehicle
industry system will be initially established. The annual sales of
autonomous new energy vehicles will exceed 1 million units,
with a market share of more than 70%; star models will be built,
entering the top 10 in global sales, new energy buses will be
exported on a large scale, and the average mileage between
failures will reach 20,000 km; key systems such as power
batteries and drive motors will reach international advanced
levels, with a market share of 80% in China.

By 2025, a complete industry chain with independent control will be
formed, which will be comparable to the international advanced

level.

101



Synchronised annual sales of 3 millon new energy vehicles, with a

market share of independent new energy vehicles

The technical level of products will be synchronized with
international standards, and there will be two first-class vehicle
enterprises in the top 10 in global sales, with overseas sales
accounting for 10% of total sales; the supporting infrastructure
for hydrogen production and hydrogen refuelling will be
basically improved, and fuel cell vehicles will operate on a small
scale in the region.

6.2.3 Development focus

1. Key products

(1) Plug-in hybrid vehicles

The development of plug-in hybrid passenger cars in
compact models and above is the main focus, and the
application of plug-in hybrid technology is being promoted in
private cars, business cars and other areas where the average
daily driving range is short. Fuel consumption in hybrid mode is 25%
less than in conventional models (not including the extended
program electric vehicles)

(2) All-electric vehicles

The main focus will be on the development of pure electric
passenger cars on a medium-sized scale and below, and the

promotion and application of pure electric technology in the
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areas of family cars, official cars, rental services and short-haul
commercial vehicles. A typical small pure electric passenger
car (with an overall mass of 1275kg) has an electricity
consumption of less than 11.5kWWh/km; a bus
has an electricity consumption of less than
3.2kWh/100km/t.

(3) Fuel Cell Vehicles

Focus on the bulk application of urban private and public
service vehicles to achieve the popularisation and application of
fuel cell technology. Significantly reduce the cost of fuel cell
systems by optimising the structural design of fuel cell systems

and accelerating the industrialisation of key components.

2.Key components
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Focus on promoting the autonomy of key core components such as

motors, batteries, inverters, etc., full

The new energy vehicle industry has been developed to meet the

needs of the industry.

(1) Drive motors

The R&D and commercialization capability of the
independent motor will reach the international advanced level,
and the effective specific power of the drive motor for
passenger cars will not be less than 4kW/kg in 20s, and the
effective specific torque for commercial vehicles will not be
less than 19Nm/kg in 30s.

(2) Motor controllers

To achieve a power density of no less than 25kWI/L,
comprehensive performance at an international advanced level
and an autonomous rate of over 60%.

(3) Power Battery Systems

The specific energy of the battery unit reaches over
400Wh/kg and the cost is reduced to RMB 0.8/Wh; the system
cost is reduced to RMB 1/Wh.

(4) Fuel cell systems and power packs

Fuel cell systems with a volumetric specific power of 3kW/L,
cold starting temperatures of -30°C or below, a lifetime of over

5000h and a production capacity of over 100,000 sets.
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(5) Electromechanical coupling devices

The pure electric drive system achieves a maximum
mechanical transmission efficiency of over 93% and the
electromechanically coupled transmission is highly integrated
and specialised.

(6) Booster engines

The lowest specific fuel consumption of the domestically
produced add-on engine was reduced to below 225g/kWh and
the domestic market share reached 80%.

(7) High pressure assembly

DC-DC converter (D C-D C and charger systems all achieve

efficiencies of 95% or more
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On the high voltage relays and fuses to achieve miniaturisation and low

cost; high voltage aluminium conductors to achieve

High volume applications.

(8) Complete vehicle controller

The whole vehicle controller has the intelligent driving
control function combined with global positioning system,
geographic information system and intelligent transportation
system (GPS/GIS/ITS), the domestic market share of the
domestic vehicle control system reaches 80%, the application
rate of key domestic chips reaches 30%, and the application
rate of independent real-time operating system reaches 50%.

(9) Lightweight body

Achieving technological breakthroughs in composite/hybrid
materials, lowering costs and reaching 30% application rate in
new energy vehicles and more than 50% autonomy rate.

3. Key common technologies

(1) Integrated vehicle technology: breakthroughs in the
integration of multiple information, intelligent control technology
for the whole vehicle with energy management as the core,
highly integrated power system electrification and other
technical problems, and the development of integrated
application technology for solar cells for the whole vehicle.

(2) Electric drive system technology: breakthroughs in the
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integration of motors and transmissions, inverters, special
transmissions for highly integrated electric drive systems and
other technical challenges.

(3) Energy storage system technology: breakthroughs in
wide temperature, long life, all-solid-state batteries, low cost,
highly integrated battery management and other technical
challenges.

(4) Fuel cell system technology: breakthroughs in
technical problems such as highly reliable membranes,
catalysts and bipolar plates, highly reliable supply systems and
their key components.

(5) High-voltage electrical system technology:
breakthroughs in wireless charging, thin-walled insulation
layers with high voltage resistance levels and other technical

challenges.
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6.2.4 Application demonstration projects

1.Demonstration project for pure electric and plug-in hybrid

vehicles.
2.Fuel Cell Vehicle Demonstration Project and Promotion.
3.Renewable energy, smart grid, smart community and

new energy vehicle demonstration projects and promotion.

4.Green and intelligent manufacturing demonstration project for

key components of new energy vehicles.

6.2.5 Strategic Support and Assurance

1.Form inter-industry linkages at the national level for the
development of independent innovation planning for new
energy vehicles, and establish a new energy vehicle industry
innovation and demonstration fund.

2. A sustainable and viable fiscal and tax incentive policy for
new energy vehicles and an incentive policy for companies
when accounting for their average fuel consumption.

3.Support the establishment of a common basic technology

research institute for the new energy vehicle industry.
4.Increase support for research and development of key
core technologies, support the formation of new energy
technology innovation alliances and build common technology
platforms for the industry.

5.Improve the relevant standards and regulations system and

strengthen the capacity building of testing and evaluation.
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6. Strengthen the construction of infrastructure such as charging

stations and hydrogen refuelling stations.
7.Form a mechanism for the synergistic development of
new energy vehicles and smart networked vehicles, smart grids,

smart city construction and key components and materials.
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6.3 Smart Connected Vehicles

It can significantly improve traffic safety, achieve energy
saving and emission reduction, eliminate congestion, enhance
social efficiency, and stimulate the synergistic development of
automobiles, electronics, communications, services and social
management, and is of great strategic significance in promoting
China's industrial transformation and upgrading.

Intelligent networked vehicles refer to a new generation of
vehicles equipped with advanced on-board sensors, controllers,
actuators and other devices, and integrating modern
communication and network technologies to achieve seamless links
between the in-vehicle network, the out-vehicle network and the
inter-vehicle network, with information sharing, complex environment
awareness, intelligent decision-making, automated cooperation and
other control functions, and an intelligent travel system
composed of intelligent roads and auxiliary facilities, which can
achieve " A new generation of vehicles that are efficient,
safe, comfortable and energy efficient. There are four levels
of intelligent networked vehicles: DA, PA, HA and FA, with DA
referring to driver assistance.

It includes one or more partially autonomous functions such as ESC,
ACC, AEBS, etc., and can provide intelligent Netlink-based alert
messages; PA refers to partially autonomous driving, where the
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driver can maintain control despite short periods of distraction,
is alerted to loss of control for more than 10 seconds, and can
provide intelligent Netlink-based guidance messages; HA
refers to highly autonomous driving, where the driver can drive
automatically both on the motorway and in the city, with
occasional HA refers to Highly Autonomous Driving, which is
autonomous on the motorway and in the city and occasionally
requires the driver to take over, but has sufficient handover time
and provides intelligent web-based control information; FA
refers to Fully Autonomous Driving, where the driving authority
is fully handed over to the vehicle.

6.3.1 Demand

With 150 million vehicles in Chinafour major automotive
hazards of energy, pollution, congestion and safety are
becoming increasingly acute. By 2020, the rate of
telecommunication and interconnection terminals will reach 50%,
and the rate of driver assistance (DAand partially autonomous

driving (PA) vehicles will increase.
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By 2025, the entire fleet of long-range and short-range communication

terminals will be equipped with a market share of approximately 30%.
The market share of DA and PA vehicles remains stable, while the
market share of highly autonomous vehicles (HA) is around 10-
20%.

The continuous increase in consumer demand for
information and intelligent products is the main driving force for
the development of smart connected cars; the Chinese automotive
industry is developing along with the Industrial Revolution 4.0
transformation, and the demand for the integration of
industrialisation and informatisation has intensified; the
integration of the two is not only a basic condition for the
manufacture of smart connected cars, but also a major initiative to
solve the social problems of the four major public hazards of
automobiles; along with the development of information and
intelligence, the need to accelerate the implementation of smart
The demand for the construction of smart cities and intelligent
transportation has already emerged, and smart connected cars
and smart cities will be an important practice of Internet+.

6.3.2 Objectives

By 2020, an independent innovation system for intelligent
network-linked vehicles will be formed with enterprises as the

main body, market-oriented, close integration of government,
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industry, academia, research and application, and cross-
industry collaborative development. The independent share of
automobile information products will reach 50%, the independent
share of DA and PA vehicles will exceed 40%, the key technologies
of sensors and controllers will be mastered, the supply capacity
will meet the independent scale demand, and the product quality
will reach the international advanced level. Launch the
construction of smart transportation cities, and the share of
independent facilities will be over 80%.

By 2025, the autonomous intelligent networked vehicle
industry chain and intelligent transportation system will be
basically built. The independent share of autormobile information
products will reach 60%, and the independent share of DA, PA and HA
vehicles will reach more than 50%; sensors and controllers will
reach international advanced level, key technologies of actuators
will be mastered, and there will be one supplier enterprise
ranking among the top ten in the world in terms of supply volume;
independent intelligent trucks will start to be exported on a large
scale; digitalization, networking and intelligence of the whole life
cycle of automobiles will be realized, and the transformation and
upgrading of the automobile industry will be completed initially.
The transformation and upgrading of the automotive industry

has been completed.
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Proposing vehicle-related intelligent transport solutions, traffic

efficiency improvements on ordinary roads
80% higher, the number of traffic accidents reduced by 80%, the
number of traffic fatalities reduced by 90% and vehicle CO2
emissions reduced by approximately 20%.

6.3.3 Development focus

1. Key products

(1) Netlink-based in-car intelligent information service system

On the basis of the existing Telematics system, information
services such as traffic, information, vehicle operation status
and intelligent control are provided for driving and travelling,
highlighting the upgrading of information technology and human-
computer interaction. The telematics function will be gradually popularised
and the V2X short-range communication function will be partially
realised, so that the information can be used for intelligent control
and the information equipment rate will be 80%.

(2) Driver-assist-grade smart cars

Develop Chinese version of intelligent driving assistance
standards, based on in-vehicle sensing to achieve intelligent driving
assistance, which can alert the driver and intervene in the vehicle,
highlighting safety, comfort and convenience, and the driver should
maintain continuous control of the vehicle; the number of traffic

accidents should be reduced by 30% and the number of traffic
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fatalities by 10%, the DA intelligent equipment rate should be 40%
and the autonomous system equipment rate should be 50%.

(3) Partially or highly autonomous driving class smart cars

Develop Chinese versions of urban smart driving standards
for passenger cars and highway smart driving standards; gradually
realise partially or highly automated driving for passenger cars,
highlighting comfort, convenience, efficient mobility and safety,
realising safety management of network-linked information,
popularising PA-level smart cars for highways and DA-level smart
cars for first-tier cities; develop Chinese versions of suburban smart
driving standards for commercial vehicles and highway smart driving
standards, commercial vehicles gradually realise partially or highly
automatic driving, and improve the operational efficiency, economy, safety
and convenience of transport vehicles, mainly through breakthroughs in

network-linked intelligent management and formation control technologies.

118



Popularization of DA-class intelligent vehicles on highways, gradual application of PA-

class intelligent vehicles; HA and PA intelligent vehicles

50% energy-equipped rate and 40%

autonomous system equipment rate.
(4) Fully autonomous driver-grade smart cars
Develop Chinese version of fully autonomous driving
standards, based on multi-source information fusion, multi-
network fusion, using artificial intelligence, deep mining and
automatic control technology, with intelligent environment and
auxiliary facilities to achieve autonomous driving, which can
change travel patterns, eliminate congestion, improve road
utilization, reduce comprehensive energy consumption by 10% reduce
emissions by 20% reduce the number of traffic accidents by 80%, and
basically eliminate traffic fatalities; FA intelligent Equipment rate of 10%,
autonomous system equipment rate of 40%.
(5) Smart travel with a car
Develop Chinese version of intelligent transport standards, rely
on the construction of smart city and intelligent transport system, to
achieve intelligent management of bus and taxi, information
equipment rate of 100%, intelligent equipment rate of 70%.
2.Key components
(1) On-board optical systems

Optical cameras, night vision systems, etc., with image
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processing and visual enhancement functions, performance and
international brands and has a cost advantage, independent
market share of more than 80%.

(2) Vehicle mounted radar systems

Medium and long range millimeter wave radar, near range
millimeter wave radar, long range ultrasonic radar, LIDAR, etc., the
effective target recognition accuracy is comparable with intermational
brands, and has the cost advantage, independent market share of
more than 40%.

(3) High precision positioning systems

Based on the BeiDou system, it has achieved an
independent breakthrough, with sub-metre accuracy in vehicle
positioning, gradually replacing and upgrading GPS, with an

independent market share of over 60%.
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Up.
(4) Connected Vehicle Terminal
The independent share of in-vehicle infotainment system
reaches 70%, the independent share of remote communication
module reaches 60% and the independent share of proximity
communication module exceeds 90%.
(5) Integrated control systems
Development of domain controllers to achieve precise
control and coordination of subsystems, and to develop
technical and cost advantages, with an independent share of
50%.
3. Key common technologies
(1) Multi-source information fusion technology:
breakthroughs in environmental awareness and multi-sensor
information fusion, V2X communication module integration, in-
vehicle and connected information fusion technology.

(2) Collaborative vehicle control technology: breakthroughs in
whole vehicle integration and collaborative control

technology.

(3) Data security and platform software: breakthroughs
in information security, system health intelligence monitoring
technology, and building the Chinese version of the vehicle

embedded operating system platform software.
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(4) Human-machine interaction and co-driving
technologies: breakthroughs in human-machine interaction,
human-machine co-driving and failure compensation
technologies.

(5) Infrastructure and technical regulations: Formation of
the Chinese version of the technical standard system and test
and evaluation methods for advanced intelligent driver
assistance, V2X and multi-network convergence, and
improvement of the road infrastructure based on the V2X

communication standard system.

6.3.4 Application demonstration projects

1.Research and application demonstration of smart connected

vehicles and operating environments in typical cities;

2.Research and application demonstration of smart networked

vehicle legislation under local regulations;

3.Demonstration of the application of intelligent networked vehicles

in large logistics companies;
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4. City Intelligent Bus System, Smart Public Mobility System, City
Shared Use Vehicle Special

Research and application demonstrations;

5. A demonstration of web-based engineering for the integration of
design, manufacturing and service.

6.3.5 Industrial clusters

1.0n the basis of the existing automotive industry clusters,
establish 3-6 clusters for the intelligent networked vehicle
industry, taking into account regional characteristics;

2.Create 2-3 parts industry clusters around cameras,
radar, navigation and positioning, RF chips, wireless
communication terminals and controllers, etc.

6.3.6 Strategic Support and Assurance

1.Formulate and implement the Chinese version of the
national plan for advanced intelligent driver assistance and V2X,
formulate and introduce a mechanism for the synergy and co-
construction of intelligent networked vehicles with new energy
vehicles, the Internet of Things, intelligent transport networks,
smart grids and smart cities, and roll out and update the Chinese
version of the development plan for independent innovation of
intelligent networked vehicles that is linked to multiple fields;

2.Establishing national institutes and innovation centres for

common basic technologies for intelligent networked vehicles
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and supporting the development of key component enterprises;

3. Setting up special funds for smart connected vehicles to
support the technological development and industrial promotion
of smart connected vehicles;

4. Improve the legal and regulatory system related to smart
vehicles, establish a new type of commercial operation model for
sharing smart connected vehicles, and improve the supporting
management mechanism;

5.Develop and introduce national-level technical standards
for in-vehicle environmental awareness sensors, network
communications, network security and information services for
smart connected vehicles;

6. Improve the enterprise appraisal mechanism, and give
policy and tax support to enterprises with outstanding development

of intelligent network transformation.
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VII. Electrical equipment

7.1 Power generation equipment

Power generation equipment is the fossil energy, nuclear
energy, water, wind, solar and other primary energy conversion
into electrical energy equipment, including large advanced coal,
nuclear, hydropower, gas and renewable energy equipment, is the
country to achieve energy restructuring and energy conservation
and emission reduction strategy is an important guarantee.

7.1.1 Demand

Clean and efficient power generation equipment will
become the mainstream technology in China's power
generation sector, and it is expected that by 2020, the installed
capacity of coal power will reach about 1.12 billion kilowatts,
accounting for about 1.5 billion kilowatts of the total installed
power generation capacity.

The installed capacity of nuclear power reached 58%; the installed
capacity of nuclear power reached 58 million kilowatts and the
capacity under construction reached 30 million kilowatts or more,
accounting for about 4% of the total installed power generation
capacity; the installed capacity of natural gas turbine power
generation reached 120 million kilowatts, accounting for about 6%
of the total installed power generation capacity; the installed

capacity of conventional hydropower reached
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The installed wind power capacity reached 200 million
kilowatts, accounting for about 10% of the total installed

power generation capacity.

7.1.2 Objectives

2020 target: the scale of advanced power generation
equipment industry reaches 100 million kW per year to meet the
needs of China's energy structure adjustment and major project
construction, the overall technical level reaches the international
advanced level and enters the ranks of world powers. Domestic
power generation equipment domestic market share of 90%, the
proportion of exports accounted for 30% of the annual output.

Target 2025: Formation of three international enterprise
groups with capital, scale, technology, quality, brand
advantages and core competitiveness. With the ability of
continuous innovation, large thermal power, hydropower,
nuclear power and other complete sets of equipment to reach
the international leading level, with independent intellectual
property rights of new and renewable energy equipment and

energy storage devices market share of more than
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80%.

7.1.3 Development focus

1. Key products

(1) Clean and efficient coal power equipment
--1200MW class ultra-supercritical units

25-28MPa/ 600°C/620°C ,Power
generation efficiency 45%; 32-35 MPa/

600°C/620°C/620°C (secondary reheat) power generation efficiency 48%.

--Higher parameter advanced ultra-supercritical units
38-40 MPa/700°C/700°C, power generation efficiency 52%.
--600MW-1000MW super (super) critical circulating

fluidised bed boilers with high coal type

adaptability, clean combustion and low

emissions.

-1000MW class super (ultra) critical air-

cooled units are suitable for coal-rich and

water-scarce areas.

--Efficient ultra-clean flue gas emission device and carbon capture
equipment

Soot is less than 10 mg/Nm3, SO2 is less than 35 mg/Nm3

and NOx emissions are less than 50 mg/Nm3.

--Large-scale coal gasification gas-steam combined

cycle (IGCC) F-class gas turbine IGCC combined cycle

130



output 460MW, net efficiency 48%.
(2) Heavy duty gas turbine power generation equipment
--50-70MW gas turbine power generation equipment

For distributed generation, the combined cycle efficiency should not
be less than 45%.

—F class 300MW heavy duty gas turbine
power generation equipment with a
combined cycle output of 450(MVand

58% power generation efficiency.
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--G/H Class 400MW Heavy Duty Gas Turbine Power Generation
Equipment
Combined cycle capacity 600MV, 60% efficiency.

(3) Large-scale advanced nuclear power equipment

--Third Generation Large Advanced Pressurised Water Reactor

Nuclear Power Sets

Formation of 1000MW, 1500MW axd2000MW series of
complete sets of equipment with independent intellectual property
rights. The design life is 60 years and the availability rate is not

less than 93%.

--High temperature gas-cooled reactors, fast reactors, thorium-

based molten salt reactor nuclear power packages

200MW for high temperature gas-cooled reactors; 600MW for
fast reactors and 100MW for thorium-based molten salt reactors.

(4) Large-scale advanced hydropower equipment

--Capacity pumped storage units

Capacity 150-400MWspeed range +10% variable speed pumped
storage units700m head section fixed speed pumped storage
units.

--1000MW class hydroelectric generating units

A leading international super-large hydro generator set
with a rated head of 202m and a maximum efficiency of 96%.

--High head high capacity impulse turbine units
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600-2000m head section, 400-1000MW class impulse turbine units.
(5) Renewable energy generation equipment

1) Large-scale wind power generation equipment and intelligent

control systems
--5MW class wind turbines
Advanced and highly reliable wind turbine with a wind
energy conversion efficiency (CP value) of 0.48 and availability

of 97%.
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--Large offshore wind turbines

Advanced superconducting wind turbines with a 10MW rating.

--An intelligent control system for wind power clusters

A system with remote data transmission and fault diagnosis,
intelligent management and control of wind power clusters, etc.

2 ) Advanced Solar Power Equipment

--Large-scale solar thermal generating sets

Solar single tower power 50-150MW, molten salt storage

heat exchange steam power generation system. 3)

Biomass and distributed (renewable) energy equipment

--Biomass and waste clean combustion and gasification

equipment

Biomass and waste efficient and clean incineration power
generation plants; biomass and waste gasification power
generation plants.

2. Key components

(1) High temperature components and controls for heavy duty

gas turbines.

(2) Large nuclear power pressure vessels, steam
generators, coolant main pumps, control rod drive mechanisms, in-
stack components, large nuclear power turbine welded (complete forging)
rotors 2000mm class final stage long blades, large half-speed

turbine generator rotors.
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(3) Variable speed pumped storage unit generator,
variable speed pump turbine runner, high capacity generator

protection circuit breaker.

(4 ) Extra-long blades for large wind turbines, intelligent control
systems.

3. Key common technologies
(1) Clean and efficient coal power technology

Determination and evaluation of coal quality, ash and coal
combustion characteristics of Juntung High Alkali Coal; Juntung
High
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Mechanism of slagging, staining and ash accumulation in alkali coal;
control of slagging, staining and ash accumulation in Juntan high alkali

coal

Control and removal techniques.
(2) Common Technologies for Nuclear Power

Design, verification and manufacturing technology for nuclear and

conventional island main equipment.

(3) Gas turbine technology

Development of high temperature and high strength super
alloy materials for advanced gas turbine high temperature
components; high pressure ratio high flow rate compressor design
and manufacturing technology; dry low NOx combustion chamber
design and manufacturing technology; high temperature turbine
blade cooling technology.

(4) Large-scale advanced hydropower equipment technology

Pumped storage variable speed motor and pump turbine
design and verification technology; overall design and hydraulic
design and verification of large hydro generator sets, high
efficiency cooling technology; hydraulic design and verification
technology of high head large capacity impulse turbine sets.

(5) Renewable energy generation equipment

Blade design technology for wind turbines of 5SMW or above,

intelligent control technology for wind turbines; technology and
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overall structure design for superconducting wind turbines of
10MW class.

Solar energy high-efficiency heat collection, storage and
heat exchange systems and equipment development, intelligent
control technology, system integration technology.

Biomass and waste gasification processes, dioxin removal and ash

vitrification technology
Technique.

7.1.4 Application demonstration projects

1. Clean and efficient power generation application demonstration
project
1200MW class ultra-supercritical units, 600MW-1000MW ultra
(super) critical fluidized bed boilers, 1000MW class ultra (super)

critical air-cooled units, high efficiency ultra-supercritical units
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The mechanism demonstration project. 50-70MW class, 300MW class F

heavy duty gas turbine and other self

Main brand gas turbine demonstration project.
2. Large-scale advanced nuclear power application demonstration
project
1000M, 1500MW, 2000MW nuclear power sets and 200MW high
temperature gas-cooled reactor and 600MW sodium-cooled fast

reactor demonstration projects.

3. Pumped storage and large hydropower application

demonstration project

150-400MW variable speed pumped storage units and 1000MW
class hydro turbine generator demonstration projects.

4. New Energy Application Demonstration Project

50MW and 100MW solar thermal power generation
demonstration projects, 5-10MW wind power generation
demonstration projects.

7.1.5 Strategic Support and Assurance

1. Improve policy measures and actively create an
environment that supports the development of clean and efficient
power generation equipment industry

Make full use of market economic instruments such as
taxation, finance and necessary administrative means to study

and formulate financial and taxation policies that are conducive to
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the healthy development of the industry and support the
technological progress and industrialisation of clean and

efficient power generation equipment.

2.Building a national major innovation base for clean and efficient

power generation technologies
Taking the existing national engineering research centres as
the basis of innovation carriers, optimise and integrate innovation
resources, further exploit the overall advantages of various
innovation carriers in the innovation chain, and organise and
implement collaborative innovation oriented towards national
goals in a new organisational form, across fields, departments

and regions.
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7.2 Power transmission
and transformation
equipment
Transmission and transformation equipment is to achieve
the transmission and conversion of electrical energy and to
ensure the safe, reliable and stable operation of the power
system equipment. It includes ultra-high voltage transmission
and transformation equipment, intelligent transmission and
transformation equipment, and smart grid client equipment.
7.2.1 Demand
In 2014, China's total electricity consumption was 5.52
trillion kilowatt hours, and it is expected to maintain an average
annual growth rate of more than 5.5 from 2015 to 2020, and
more than 3% from 2020 to 2030. The development of power
transmission and transformation equipment will show intelligent,
integrated, green features, and for the implementation of the
"Belt and Road" development strategy to provide power
transmission and transformation equipment support.
7.2.2 Objectives
By 2020, the output value of the power transmission and
transformation industry will reach RMB 2.2 frillion; the
domestic market share of key components will reach over

80%; the proportion of exports of complete power
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transmission and transformation devices will exceed 20%;
and ultra-high voltage power transmission and transformation
technology will be internationally leading and enter the ranks of
world powers.

In 2025, the output value of the power transmission and
transformation industry will reach RMB 3.0 trillion; an
international standard system for UHV AC and DC transmission
equipment will be formed with China as the leader; the domestic
market share of key components will reach over 90%; the proportion
of exports of power transmission and transformation equipment will
exceed 25%; the reliability and technical indicators of products will
reach international advanced level.

7.2.3 Development focus

1.Key products

(1) UHV transmission and transformation equipment

--Extra-high voltage AC power transmission and transformation

equipment

Field assembled transformers: voltage 1000 kV, capacity 1000

MVA - 1500 MVA. shunt reactor series (including controlled

reactors) series products covering
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Voltage 1000kV, Capacity 120Mvar-400Mvar Full range.
--Extra high voltage DC transmission sets

Field assembled converter transformers: capacities 200MVA - 560MVA.
Converter valves: 2800k\V/ /6250 A converter

valve, £1100kV/5000A converter valve. Flow control protection

system.

--Generator protective circuit breaker sets

SF6 generator protective circuit breaker: for CAP1000 nuclear
units, rated short-circuit breaking current 210kA; for CAP1400
nuclear units, rated short-circuit breaking current 250KA.

Vacuum generator protection circuit breaker: suitable for
pumped storage, rated short-circuit breaking current 120kA.

(2) Intelligent power transmission and transformation
equipment

--Smart substation packages

Intelligent transformers: voltage 110kV-1000kV, capacity

50MVA-1000MVA. intelligent switchgear: 126kV-1100kV

gas insulated metal enclosed intelligent switchgear
Equipment.

Intelligent substation monitoring system: realises intelligent
sharing of station-wide information and provides support for the

management and operation and maintenance of equipment
throughout its life cycle.
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--Smart distribution network kits

Intelligent distribution switches, intelligent distribution transformers,
intelligent components and power electronics. Microgrid
equipment: microgrid control and management equipment
and energy conversion equipment.

Energy storage systems: In response to the development
needs of new energy grid-connected and distributed micro-grids,
battery storage devices, high-temperature superconducting
energy storage devices and battery management systems are

developed.
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--Flexible DC transmission equipment

+100kV-+500kV transformers.
500kV/3000MW converter valve.
500kV/6kA high voltage DC
circuit breaker.

--Energy-saving and environmentally friendly power transmission

and transformation equipment
Environmentally friendly high-voltage switchgear: choose
environmentally friendly gases instead of SF6 as insulation and
breaking medium.
Low-loss, environmentally friendly transformers.

Superconducting transmission and transformation equipment:
superconducting transformers, superconducting current limiters

and other equipment.
(3) Smart grid client-side devices
--Customer-side
electrical
components 1)
Intelligent
distribution
appliances
Intelligent frame circuit breaker

7400A/150KA.
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intelligent miniature circuit

breaker 100A/15kA. intelligent
moulded case circuit breaker
1600/200KA.

Automatic transfer switch

appliance 6300A/176kA. 2) Intelligent
control appliance

Contactor 2600A.

Motor control and protection switchgear 125A.
Arc fault protector: 63A/10kA/GFCI=5mA.
surge protector limp/In=30Ka/If=50kA.

--Consumer electrical packages
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Real-time network communication and remote monitoring, self-

operation in harsh environments, self-healing and other functions

Energy, optimised energy distribution, load balancing and reduced

equipment maintenance and overhaul time.

--Client system solutions

It supports access to various forms of distributed power
supply and EV charging systems, multiple communication
protocols and networked remote monitoring software, and has
micro-grid management functions such as power consumption
statistics and analysis, demand response and demand control,
multi-power throwing and switching coordination control and power
consumption prediction.

2.Key components

(1) Key component

casing for EHV.

Transformer outlet unit.

(2) Components for intelligent power transmission and

transformation equipment
High voltage high power IGBT modules: 3.3kV/1500-
2000A, 4.5kV/1200-2000A, 6.5kV/1000-1500A and above.
Large capacity vacuum interrupters: 110~220kV.
(3) User-side components

Actuator: 6A to 7500A; mechanical life > 50,000 operating
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cycles; withstands electric shocks > 135kA/1s short term
withstand current.
Contact and arc extinguishing system: Icu=Ics greater than
(400/690V) 200kA/100kA. controller: selective protection with full
current range, fault warning, life indication

and other functions.

Busbar system for customer-side electrical installations: with safe and

reliable protection against electric shock
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Design.

Remote monitoring software for the client system: with

system monitoring and power management functions. 3.

Key common technologies

(1) Intelligent Technology

The focus is on sensing technology, control technology,
online monitoring technology and integrated diagnostic expert
system application technology.

(2) Reliability technology

Through reliability studies of equipment, management,
evaluation and standard systems are established for the whole
process of design, manufacture, testing and use.

(3) Digital simulation technology

The focus is on arc, electromagnetic, structural, fluid and motion

simulation techniques.

(4) Application technology for new electrical materials

Technologies for the application of nanotechnology in electrical

insulation materials;

Research and application techniques for lightweight, high-strength,

highly conductive electrical alloy materials;

Advanced Functional Materials - Development of carbon materials
and high temperature superconducting materials application
technology

Technique
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(5) Standards and testing techniques

Establish a comprehensive standards system and build a
platform for experimental research and testing related to key
performance indicators.

(6) High efficiency distribution transformer technology

Manufacturing of wide amorphous alloy strips, research on the
technical economy and applicability of vegetable insulating oil
applications, and automated production processes for three-

dimensional rolled core transformers.
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7.2.4 Application demonstration projects

1.£1100kVv. UHV DC project with complete sets of equipment

demonstration application

Development and demonstration of key technologies and
complete sets of equipment for 11100kv UHV DC power
transmission, including converter valves, converter transformers,
flat wave reactors, DC lightning arresters, DC measuring
devices, DC bypass switches, DC transfer switches, DC

disconnect switches, grounding switches and dry bushings.

2.1000kV UHV AC complete sets of equipment engineering field

assembly demonstration application

We provide products for use in accordance with the
requirements of extra-high voltage projects; continuously
improve product quality and reliability through refined
management and process improvement; and enhance our
casing testing capability through laboratory certification work.

3. Demonstration of client-side devices in smart microgrids and

distributed power systems

Use

Carry out the technical transformation of agricultural network, urban
network, new generation communication base station power supply

system and
Equipment renewal, establishment of a remote monitoring

system, reduction of maintenance and overhaul time for power
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supply equipment, and improved safety and reliability of

electricity consumption.

4. Triple convergence project and demonstration application of

client-side equipment

Carry out the refinement, informatization and automation of
the value chain links of product design, production, sales and
logistics at the user's end, and comprehensively improve the
level of intelligent product manufacturing.

7.2.5 Strategic support and assurance

1. Create a complete system for research and development,
manufacturing, testing, inspection and certification of power
transmission and transformation equipment, and achieve mutual
recognition with international laboratories.

2. The central research institute for the component industry
provides planning, standards, testing and certification, product
fault analysis and diagnosis, reliability evaluation, industry
management and information consulting around industrial

development.
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consultancy, as well as basic, forward-looking and common

technology development and services.

3.To establish an innovation alliance between government,
industry, academia, research and use in the power transmission
industry, focusing on breaking through bottlenecks in key

common technologies and major application technologies for

smart grids.
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VIII. Agricultural equipment
8.1 Agricultural equipment

Agricultural equipment is a blend of biological and
agronomic technology, integrated mechanical, electronic,
hydraulic, information and other high-tech automation,
information technology, intelligent advanced equipment,
development focus is grain, cotton, oil, sugar and other bulk
food and strategic economic crops breeding, plowing, planting,
management, harvesting, transportation, storage and other
major production processes using the equipment. Agricultural
equipment is to continuously improve the land output rate, labor
productivity, resource utilization, to achieve the most basic
material assurance and core support of agricultural
modernization.

8.1.1 Demand

In recent years, China's rapid development of agricultural
equipment industry, has become the world's largest agricultural
equipment production and use of large countries. However,
accounting for more than 90% of the market demand for domestic
agricultural equipment for low-end products, can not fully meet the
needs of modern agricultural development, information technology,
the rapid application of intelligent technology has further
widened the gap with developed countries. New
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industrialization, information technology, urbanization, agricultural
modernization, "four®® synchronization, to ensure food, food,
ecological security, change the mode of agricultural development, one,
two, three industries integrated development, requires agricultural
equipment industry to expand the field, increase the variety, and
accelerate the development of automation, information technology,
intelligence.

8.1.2 Objectives

In 2020, the development and coordination of testing and testing
of core functional components and complete machines will be

established.
The same supporting capacity. The total output value of the
agricultural machinery industry reached 600 billion yuan, and
the market share of domestic agricultural machinery products
exceeded 90%. The industrialisation of variable application
technology and the effective utilisation rate of fertilisers and
pesticides will reach 40%. Mastering the key technologies of core

parts manufacturing and reliability, tractors
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The average trouble-free time for the harvester and combine increased

to 250 hours and 60 hours respectively.

By 2025, there will be a complete range of machinery for
the whole production process of large grain and strategic cash
crops, and the capacity of agricultural machinery and equipment
for information collection, intelligent decision-making and
accurate operation will be significantly improved, resulting in an
overall solution of informationization for agricultural production.
The total output value of the agricultural machinery industry will
reach 800 billion yuan, the market share of domestic agricultural
machinery products will be over 95%, and the market share of
high-end products such as large tractors of over 200 horsepower
and cotton pickers will reach 60%. Inteligent sowing and fertilising, plant
protection and harvesting machinery will be put into use, and the
effective utilisation rate of chemical fertilisers and pesticides will
reach over 50%. The key technologies of core device
manufacturing and machine reliability were comprehensively
mastered, and the average trouble-free time of tractors and
combine harvesters reached 350 hours and 100 hours
respectively.

8.1.3 Development focus

1. Key products

(1) New high-efficiency tractors
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200 hp and above, 8-speed and above powershift tractors,
CVT tractors with electronically controlled main transmission and
electro-hydraulic control of the main clutch. The key components
such as engine, transmission system and control system will be
independently supplied in China.

(2)Variable fertiliser and seeding machines

Variable fertiliser sowers for rice, wheat, maize and
soybeans with 100 hp and above, pneumatic seeding, no-till,
variable stratified fertiliser application and integrated operation
with navigation, missed sowing and blockage monitoring.

(3) Precision plant protection machinery

Large upland clearance, light waterfield self-propelled spray
bar sprayer with ground clearance of 800 mm and above,
hydrostatic drive, adjustable ground clearance wheelbase, with

automatic anti-skid and variable operating functions.
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(4) High performance harvesting machinery

Large grain combine harvesters with a feeding capacity of 10
kg/s and above, high throughput rice combine harvesters
with a feeding capacity of 8 kg/s and above, as well as new
maize seed harvesters, cotton pickers, sugar cane harvesters,
oilseed rape harvesters and forage harvesters. Hydrostatic drive,
with navigation and positioning, fault diagnosis, real-time
collection of main parameters and automatic monitoring.

(5)Seed breeding and fine sorting machinery

Fine seed bed preparation, parental precision staggered
sowing, de-pollination and clean harvesting machinery for maize, wheat,
rice and vegetable plots; equipment for CNC drying, fine sorting,
intelligent pelletising, activity and health testing, counting and

packaging and traceability of seeds.

(6)Energy saving and quality preserving transport and
storage machinery

Large grain energy saving drying machinery with precise
online moisture monitoring and precise automatic temperature
and humidity control. Grain, fruit and vegetable and other
agricultural products physical environment, microbial breeding
time course marking and other intelligent transportation and
storage equipment.

(7)Livestock farming machinery
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Intelligent equipment for precise environmental regulation,
intelligent identification of individual livestock and poultry
behaviour and growth health conditions, individual precision
feeding and livestock product collection.

(8) Agricultural processing machinery

Intelligent and automated processing equipment for wheat,
rice and other grains and oilseeds. High efficiency and low loss
cleaning, multi-size cutting, grading and automatic functional
packaging equipment for fruit and vegetables. Automatic
equipment for the slaughtering of cattle and sheep, and for the
dividing and stripping of livestock, poultry and aquatic products.
High throughput testing and grading and packaging equipment
for poultry eggs. Dairy quality non-destructive testing, high-
speed aseptic filling and other equipment. Equipment for green
and diversified utilisation of by-products of agricultural products

processing.
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2. Key components

(1) Agricultural diesel engines

Off-road National IV emissions, torque reserve of 35% or
more, 3 or more power output interfaces, noise level not higher
than 114 dB; electric control system and after-treatment system of

domestic independent support.

(2) Steering drive axles and electro-hydraulic suspension
systems

The steering drive axle is designed for tractors of 200 hp
and above and combine harvesters with a feed rate of 10 kg/s and
above. The electro-hydraulic suspension system is based on the
CAN bus control and has the functions of force adjustment,
position adjustment, height adjustment and integrated
adjustment of force and position ratio.

(3) Sensors for agricultural machinery

Fertiliser and seeding machinery operating depth, travel speed,
operating quality and other measurement and control sensors. Plant
protection machinery forward speed, spray volume, pressure,
spraying area and other measurement and control sensors.
Harvesting machinery, feeding volume, cleaning and
entrainment losses, cutting table height, drum speed, yield flow
and grain moisture.

(4) Agricultural machinery navigation and intelligent
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control operating devices
Tractor and combine harvester navigation and positioning,
object tracking devices, positioning accuracy of not less than
centimetre level; intelligent control operation devices such as
seed and seedling transport and automatic identification of

planting and sowing.

3. Key common technologies
(1) Experimental verification technology for digital
design of agricultural machinery
Breakthroughs in digital modelling, virtual design, dynamic
simulation and verification of key components of agricultural
machinery and complete machines to address the integration
and development of innovative design and advanced

manufacturing.
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(2) Reliability technology for agricultural machinery

Breakthroughs in reliability test methods, testing and
control technologies for key products such as tractors and
combine harvesters, and the application of active reliability

design technologies for service environments.

(3) Standard validation technology for key components

of agricultural machinery

Breakthroughs in the standardization of key components of
agricultural machinery, series, general technology, and promote
the development of agricultural machinery product portfolio,

modularization.

(4) Sensing and control technology for agricultural

machinery

Breakthroughs in sensing, monitoring and control and data
management technologies for soil, plants, environment and water,
fertiliser, seeds and medicine, animal behaviour and environment,
agricultural machinery and its operating conditions, to achieve
the integration of mechanisation, automation, information and
intelligence.

8.1.4 Application demonstration projects

1. Intelligent agricultural machinery production line

application demonstration project

Integrate digital design, manufacturing process planning,
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manufacturing process control and other technologies for agricultural
machinery, develop tractor speed change systems, combine
harvester chassis and threshing and cleaning key assembly
systems, and apply them in tractor and combine harvester
enterprises for demonstration.

2. Smart Farm Application Demonstration Project

The integration of intelligent machinery for seed, fertiliser
and medicine application and harvesting, as well as farming
equipment for individual livestock feeding and milk collection,
forms an overall solution for the integration of information
technology in the production of major food and cash crops,
livestock farming and livestock product collection, and is applied

for demonstration on large farms.
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8.1.5 Strategic Support and Assurance

1.Support the establishment of a national innovation centre
for the agricultural equipment industry. Establish data platforms
for research and development, design, testing, standards, etc.;
carry out collaborative innovation in basic frontier technologies,
key commonalities, major strategic equipment, etc.; carry out
public technical services such as research and development
and design, scientific and technological services, inspection and
testing, information services, etc.; build an agricultural
equipment industry innovation system that adapts to national
conditions, is based on industry, is collaborative and efficient,
and supports development.

2.Support the implementation of agricultural equipment
manufacturing development actions. Promote basic frontier, key
common technology and major key equipment research and
development and industrialization; promote enterprise "two"
integration, the development of intelligent manufacturing, green
manufacturing; promote the globalization of agricultural equipment
enterprise research and development layout and industrial
international development; improve the key parts and components of
agricultural machinery and machine tax incentives, agricultural

machinery new product purchase subsidies and other policies.
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IX. New Materials
9.1 Advanced Basic Materials

Advanced basic materials refer to new materials with
excellent performance, large quantity and "multi-purpose”,
mainly including iron and steel, non-ferrous, petrochemical, building
materials, light industry, textiles and other basic materials in the high-
end materials, the national economy, national defense and military
construction plays a fundamental support and security role.

9.1.1 Demand

The basic materials industry is an indispensable basis for the
development of the real economy. China's output of more than
100 kinds of basic materials has reached the first in the world,
but it is large but not strong, facing three outstanding problems
such as overall overcapacity, unreasonable product structure, and
high-end application areas not yet fully self-sufficient, etc. It is urgent
to develop advanced basic materials with high performance,
differentiation and functionality, and promote the transformation
and upgrading of the basic materials industry and sustainable
development.

9.1.2 Objectives

By 2020, the overall scale of the basic materials industry will
be effectively controlled, the industrial structure will be adjusted
with initial effect, and advanced basic materials will be self-

153



sufficient in general, with a certain export capacity.

By 2025, the industrial structure will be significantly adjusted,
the product structure of basic materials will be upgraded and
replaced, and the share of the domestic market will exceed
90%.

9.1.3 Development focus

1.Advanced Steel Materials

(1) Steel for basic components for advanced manufacturing

Breakthrough in materials, design, manufacturing and
application evaluation of a series of key technologies for
advanced equipment with high-performance bearings, gears,
industrial moulds, springs, fasteners and other steel, energy

efficient
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motors, high-end engines, high-speed railways, high-end precision
machine tools, high-grade automobiles and other advanced
The domestic self-sufficiency rate of steel materials for key
components for equipment will reach 80% in 2020adtrive for full
self-sufficiency in 2025, with the life of key components
increasing by more than one times.

(2) High performance offshore steel

Through the research and development, production,
application technology and specification standards of 690MPa
grade low preheat welded extra thick plate and seamless pipe (100mm)
or more, 420-460MPa grade thick plate with large linear energy welding,
R6 grade large specification anchor chain steel, to achieve
engineering demonstration assessment, to meet China's 400
feet or more jack-up platform, heavy conduit frame platform and a
new generation of semi-submersible platform for domestic materials.
The domestic market share of high-end offshore steel will increase
from less than 50% to more than 90%, and the procurement cost
will be reduced by more than 20% compared with that of imported
materials.

(3) New high-strength automotive steel

Development of new ultra-high tensile automotive steels
including Q&P, -TRIP, medium manganese, TWIP and low Mn-TWIP

steels with a 20-50 GPa% strength-plasticity product.

155



(4) Steel for high-speed, heavy-duty rail transport

High fracture toughness, high fatigue performance wheel
steel above 350km/h, 30-40 tonnes axle weight heavy-duty
wagon wheel steel, 200-400 million tonnes load life fast
heavy-duty railway rails, new heat-treated bainite rails (tensile strength
= 1400MPaelongation = 10%)

(5) A new generation of functional composite building steel

Thickness above 100mm, yield strength 600-1000MPa,
yield strength ratio below 0.8-0.85, yield strength at 600°C
higher than 2/3 of room temperature strength index, modulus

of elasticity higher than 75% at room temperature.

(6) Steel for ultra-high volume oil and gas pipelines
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X90/100 ultra-high tensile line steel, and X80 grade in thicknesses

above 33mm

Pipeline steel.

(7) Rolled laminates

Develop key technologies for rolling composite plates in line
with the group billet process, efficient welding and online
solution, solve the technical difficulties of low output rate and high
energy consumption in the production of high-quality billets of
thickness 500-900mm, and develop a series of composite plate
products to meet the special requirements for materials in the
chemical industry, seawater desalination, energy and other

special industries.

(8) Ultra-high strength stainless steel for special equipment

The development of yield strength 1400-2200MPa, the
enterprise has high stress resistance Fausto high strength
stainless steel series varieties, to meet the aviation, deep-sea
drilling, oilfield chemical, special ships and other industries.

2.Advanced Non-Ferrous Materials

(1) High performance light alloy materials

Research and development of 650MPa level of new high
toughness, low quenching sensitivity, thickness of 200mm above the
aluminum alloy pre-drawing plate; development of = 700 °C high

temperature titanium alloy and 1300MPa above the high

157



toughness of titanium alloy, diameter =2 ® 450mm super large
specifications of the bar. Processing into a 10% increase in the

rate of material.

(2) Non-ferrous metal key supporting materials for functional

components
The purity of rare and precious metals and high-purity
metals will be increased by 1-2N on the basis of the existing
ones, and the utilization rate will be increased by 10% by focusing
on the recycling and efficient use of materials.

3.Advanced Petrochemical Materials

(1) Lubricating grease
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Focus on the development and utilization of base oils, and increase the

development of hydrogenated base oils, GTL base oils and
The application of high-grade base oils such as biodegradable
engine oils and hydraulic oils, turbine oils, greases, etc,;
increase the development and application of additives, for the
new environmental protection regulations proposed low sulfur,
low phosphorus, low ash, low toxicity, biodegradable, long life
and other special performance requirements of antioxidants,
viscosity index improvers, clean dispersants, friction improvers
and other additives products for molecular design, development
and Application. To achieve the development of independent
intellectual property rights in the formulation of general-purpose
products for hydraulic fluids, industrial gear oils, turbine oils,
greases and most common industrial lubricants and greases; to
develop high-performance long-life space lubricant products.

(2) High performance polyolefin materials

Breakthroughs in industrial production technologies for high
melt index polypropylene, ultra-high molecular weight
polyethylene, expanded polypropylene and polybutylene-1 (PB)
for large-scale applications.

(3) Polyurethane resins

Focus on the development of environmentally friendly

polyurethane materials such as water-based polyurethane
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materials, and accelerate the development of aliphatic
isocyanates and other raw materials.

(4) Fluorosilicone resins

The focus is on the development of polyvinylidene fluoride,
PET, other fluorine resins as well as silicone resins and silicone
oils.

(5) Special synthetic rubber

Focus on the development of isoprene rubber and
supporting the development of isobutylene synthetic isoprene; the
development of silicone rubber, solvated styrene butadiene
rubber and rare earth paraben rubber; the development of
halobutyl, hydrogenated nitrile and other rubber with special
properties, etc.

(6) Bio-based synthetic materials

Focus on breakthroughs in bio-based rubber synthesis technology,

bio-based aromatics synthesis technology, bio
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Key technologies for the preparation of nylon-based nylon, key
technologies for the synthesis and application of new bio-based

plasticizers, the

Key technologies for the preparation of bio-based polyurethane,
key technologies for the preparation of bio-based polyester, key
basic technologies for the preparation of basic chemical raw
materials by biological methods, etc.

4.Advanced Building Materials

(1) Cementitious materials for major projects in extreme

environments

Cementitious materials for repair of scouring and abrasion,
cavitation damaged concrete, non-penetrating cracks and
leakage in hydropower projects; low carbon cementitious materials
with high erosion resistance for marine engineering, ultra-high
strength, high toughness and low carbon cementitious
composites; cement preparation technology for cementing in ultra-
low temperature marine oil fields, cementitious materials for
cementing (high temperature, acidic gas erosion) in complex
geological environments; cementitious materials for road and bridge
repair for rail transportation Cementitious materials for ultra-rapid
repair of concrete structures.

(2) Energy efficient green structures - functionally integrated

building materials

The utilization rate of solid waste in the product is 270%,
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the compressive strength of the product is 220MPa, the
flexural strength is 27MPa, the surface density is **™ and the
structure-functional integrated building material that integrates
heat insulation, thermal insulation, waterproofing, fire

prevention and decoration.

(3) Environmentally friendly non-metallic mineral functional

materials

The development of permeability coefficient < 5.0 < 10-
im / s of impermmeable materials, insoluble potassium
conversion rate = §0%and antibacterial = 2.5 < "/ kg
of soil remediation agents, suspended SS <30mg/ L,
COD < 100mg / L of water treatment agents, specified friction
coefficient 0.4 % 0.06 friction materials, thermal conductivity
< 0.05W/ m-K of thermal insulation materials, flame retardants
with an oxygen index of 235% and typical new materials such as high-
strength gypsum, high-efficiency metallurgical protection slag, high-
end graphite products, high-efficiency catalysts, filtter aids, slow-
release drugs and fertilizers, high-performance polymers, etc.

5.Advanced Light Materials
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(1) Bio-based light materials

The key monomers of PLA (polylactic acid), polybutylene
succinate (PBS) polyethylene terephthalate (PET, PTT),
polyhydroxyalkanoic acid (PHA), polyamide (PA), elc.aebeing
developed. Thekey monomer of PTT, 1,3-propanediol, is produced
by fermentation of non-food raw materials such as tapioca starch
and glycerol, and the polymerization and spinning of PTT fibres
has been industrialized.

(2) Industrial Biocatalysts

The focus is on the development of enzymes for the food industry
such as lipase, lipoxygenase, glucose oxidase, asparaginase and ethyl
carbamate degrading enzymes; enzymes for the light textile
industry such as laccase, alkaline xylanase, keratinase, trypsin
and PVA degrading enzymes; enzymes for bio-organic synthesis
such as lipase, amino acid deaminase, natural product
glycosylase and hyaluronidase. The enzyme activity of key
products has been increased by 100-300% on the basis of the existing
ones; under extreme conditions (temperature, pH) the enzyme
activity reaches or exceeds that of similar products from abroad.

(3) Special Engineering Plastics

Focus on the development of thermoplastic polyimide (PI)
engineering plastic resins, heteronaphthalene biphenyl type
polyether sulfone ketone copolymer resins (PPESK) high-end
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fluoroplastics for processing and molding of special fibers, filter
materials, high temperature resistant functional films, high-
performance resin-based composites, high temperature resistant
insulation materials, high temperature resistant functional
coatings, high temperature resistant special adhesives.
Thermoplastic polyimide engineering plastic resin, viscosity 0.38dL/g,
Tg=230-310°CTd5%>500°C, tensile strength>100MPa, bending
strength>150MP, cost<150,000/ton; Heteronaphthalene biphenyl
type polyether sulfone ketone copolymer resin, Tg=263-305°C,
tensile strength 90-122MPa , tensile
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Tensile modulus 2.4-3.8GPa, volume resistivity 3.8-
4_.8x1016Q -<m, cost reduced to 50-70% of PEEK. High-end
fluoroplastics main  performance  indicators:  ultra-pure
fluoroplastics products: PTFE solid performance density SSG =
2.147glcm3, PTFE resin tensile strength

> |t meets the requirements of C12 in SEMI standard; high
and low temperature fluorine material functional film, special fluorine
fiber and filtration products: meet the requirements of high-end
environmental protection, PTFE resin requires compression
ratio >3000, tensile strength >28MPa, elongation >360%; oil and
gas and chemical fluid transmission pumps, valves and pipes with
PVDF resin. and piping with PVDF re sin density 1.75-
1.7 7g/cm3, melting point 0.5-2.0g/10min, melting point
156-165°C, thermal decomposition temperature 2390°C,

water content

= 0.10%, glass transition temperature < -35°C, embrittlement
temperature < -62°C.

6.Advanced Textile Materials

(1) High-end technical textiles

In 2020, the independent industrialisation of absorbable
sutures and haemodialysis materials will be realised, partially
replacing foreign imported products; functional protection

requirements such as thermal, biochemical, electrostatic and
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radiation will be met; the performance of high temperature
filtration and water filtration products will meet the requirements
of various application fields; geotechnical materials will meet
the construction requirements of complex geological
environments; in 2025, multifunctional composite protection
requirements will be met, while light weight, comfort and partial
intelligence will be achieved. In addition, the life and stability of
filtration products will be further improved, and the combination
of low-cost applications and intelligent monitoring and early
warning functions will be realized.

(2) New functional textile materials

2020, flame retardant limit oxygen index>32, no molten drops, drip

diffusion tirme<
By 2025, the company will be self-sufficient in high-end products.
(3) Bio-based chemical fibres

2020 PTT fibre raw material 1,3-propanediol > 99.5% purity, cost

control
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The system in 15,000 yuan / ton below; PLA heat-resistant

temperature = 110 °C, monomer purity =
Thecost of producing PLA fibresin 2025 will be close to that of

PET production.

9.1.4 Strategic support and security conditions

1.The establishment of major special funds to focus on
supporting innovation alliances between industry, academia,
research and use, strengthening the close integration of new
materials research and development with advanced manufacturing,
and developing and breaking through a number of common key
technologies and major application technologies for the
transformation and upgrading of various basic materials
industries.

2.Backbone enterprises or major projects with driving or
outstanding contributions to industrial development are strongly
supported by financial post-subsidies, and key personnel are
given heavy awards.

3. Strengthen the research and development of basic
common standards, key technical standards and key application
standards; actively participate in international standardization
work.

4. Establish public service platforms such as third-party testing

and evaluation, a new material technology maturity evaluation

2020

2025
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9.2 Key strategic materials

Key strategic materials mainly include special alloys for high-
end equipment, high-performance separation membrane
materials, high-performance fibers and their composite materials,
new energy materials, electronic ceramics and artificial crystals,
biomedical materials, rare earth functional materials, advanced
semiconductor materials, new display materials and other high-
performance new materials, is an important material basis for
achieving the innovation-driven development strategy of strategic
emerging industries.

9.2.1 Demand

Key strategic materials, is the key core materials to support
and guarantee the high-end applications in the field of marine
engineering, rail transportation, naval vehicles, nuclear power,
aerospace engines, aerospace equipment, etc., but also the
implementation of intelligent manufacturing, new energy,
electric vehicles, smart grid, environmental governance, health
care, a new generation of information technology and defense
cutting-edge technology and other major strategic needs of the
key guarantee materials, at present, in the national economy
needs At present, of the more than 100 key materials in the
national economy needs, about one-third of the domestic
completely blank, about half of the performance stability is poor,
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part of the product by foreign tight control, breakthrough subject
to the key strategic materials, has a very important strategic
significance.

9.2.2 Objectives

By 2020, theindustrialization and application demonstration of
more than 30 kinds of key strategic materials will be redized. To
effectively address the urgent needs of the development of new
generation information technology, high-end equipment
manufacturing and other strategic emerging industries, with the
domestic market share of key strategic materials exceeding 70%;
to initially form an upstream and downstream synergistic strategic
new materials innovation, application demonstration system and
public service science and technology conditions platform.

By 2025, the problem of strategic materials required in key
areas of high-end manufacturing will be basically solved, and the
domestic market share of key strategic materials will exceed 85%.

Some products will enter
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International supply system, key varieties to fill domestic gaps and achieve

independent intellectual property rights system.
9.2.3 Development focus
1.Special alloys for high end equipment
(1) Advanced deformed, powdered, single crystal high

temperature alloys

Breakthrough in low-cost and large-scale production
technology of high-temperature alloys; breakthrough in key
technology of new-generation high-temperature alloys such as
fourth-generation powder, single crystal and dot matrix
materials; breakthrough in advanced high-temperature alloy
preparation process. Formation of stable supply capacity for
domestic high generation turbine discs and single crystal blades and
other high temperature alloy products to meet the demand for high
temperature alloy materials for major special projects for aero

engines and gas turbines.

(2) Special corrosion-resistant steels and heat-resistant alloys for

ultra-supercritical power stations at 700°C
Research and development of steel materials resistant to
corrosion in atmospheric, marine, oil and gas, high temperature,
complex stress states and other environments, to
comprehensively improve the technical level of China's

corrosion-resistant steel industry, increase the corrosion
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resistance of typical steel grades by more than one time, and
build up a system of corrosion-resistant steel materials with
independent intellectual property rights. Develop super nickel-
based alloys, boiler tubes, high and medium pressure rotor
forgings, steam generator heat transfer tubes, main pump
motor materials, containment, special welding materials, etc. to
support the construction of demonstration projects for 700°C
ultra-supercritical power stations.

(3) Special aluminium, magnesium and titanium alloys

Development of special specifications of aluminum,
magnesium, titanium alloy material preparation and precision
forming process and control, service performance evaluation and
other technologies, research and development of 650MPa level of
new high toughness, low quenching sensitivity, thickness of 200mm
above aluminum alloy pre-drawing plate; 500MPa level of high
toughness, heat-resistant 250 °C above the magnesium alloy
and fatigue, creep resistance, impact resistance, high plasticity
and other series of magnesium alloy; development = 700 °C
High-temperature titanium alloys and 1300MPa above high-
strength titanium alloys, diameter = ® 450mm ultra-large-size bars,

etc.. Processing into a 10% increase in the rate of material.
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2.High performance separation membrane materials

(1) Desalination Reverse Osmosis Membrane Products

The desalination rate is greater than 99 .8%fewater flux is
increased by 30%, the desalination project reaches 2 million
tonnes/day, and the equipment localisation rate is greater than
80%.

(2) Ceramic Membrane Products

300m2/m3

The filling density exceeds , cost drops by 20%,
demand reaches 200,000 ™ breakthrough in low-temperature co-
sintering technology, formation of gas-lift membrane separation equipment,
energy consumption drops by 30%.

(3) lon exchange membrane products

Membrane performance increased by 20%, chlor-alkali
industry application exceeded 10 million tonnes scale,
breakthrough in new technology and complete sets of plants for
full membrane chlor-alkali production.

(4) Hollow fibre membrane products

Over 10 million tonnes per day in water production and
wastewater treatment, with a membrane area of over 20 million

m2

(5) Permeable vapourisation membrane products

The permeate flux will be increased by 20%, the membrane
area will reach 100,000 ™, breakthroughs will be made in large
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scale membrane assemblies and membrane integration
application technology, and the scale of application will be
promoted to over one million tonnes of solvent dewatering and
recovery, with energy saving of over 30%.

3.High Performance Fibres and Composites

(1) High performance carbon fibres and their composites

In 2020, the technical maturity of domestic high-strength
carbon fibers and their composites will reach level 9, and they will
be used in automobiles, high-tech ships and other fields on a
large scale; in 2025, the technical maturity of domestic high-
strength medium-mode and high-mode high-strength carbon
fibers and their composites will reach level 9; and

By 2025, in conjunction with the research and development process of
the domestic large aircraft, we aim to have the carbon fiber compound

for aviation
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Some of the key components of the composite material have obtained
CAAC/FAA/EASA airworthiness certification. Carbon Fibre

(T800 grade) Tensile strength = 5.8 GPa, CV = 4%, tensile modulus 294
GPa, CV

<4%.

(2) High performance para-aramid fibres and their composites

In 2025, the technological maturity of domestic para-
aramid fibres and their composites reaches level 9.

The establishment of a unified standard high-performance
fiber material technology system, to overcome the series of high-
performance fibers and efficient preparation of industrial technology,
to carry out and domestic high-performance fibers to match the
composite matrix materials, design technology, molding process,
performance characterization, application verification and
recycling research to ensure that major equipment needs.
Para-aramid fracture strength 20
-22 cN/dtex, elongation at break 3-4%; polyimide fibre
monofilament slenderness of 2.0 dTex, strength >4 cN/dTex,
ultimate oxygen index of 38%.

(3) Other high performance fibres and their composites

Focus on the development of metal-based, ceramic-based
advanced composite materials, components and related

process equipment; polyimide fiber monofilament slenderness
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of 2.0dTex, strength > 4cN/dTex, ultimate oxygen index of 38%;
ultra-high molecular weight polyethylene fiber, basalt fiber,
polyphenylene sulfide fiber, high strength and high modulus
polyvinyl acetal fiber, polytetrafluoroethylene fiber, silicon
carbide fiber and other important varieties; the development of
High performance PBO fibres with a tensile strength of 5.8 GPa,

modulus of 270 GPa and an ultimate oxygen index of 68%.

4. New energy materials
(1) Solar Cells

Crystalline silicon cell efficiency = 25%, silicon-based thin film cell

efficiency = 15%, PV system on
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Grid tariff < 0.5 yuan/kWh; organic solar cell energy conversion
efficiency = 20%; dyeing
Photoelectric conversion efficiency of data-sensitised solar cells = 15%.

(2) Lithium batteries

Energy lithium battery specific energy = 300Wh/kg, power
lithium battery specific power = 4000W/kg; power battery < 1.5
yuan / Wh, energy storage battery < 1.0 yuan / Wh,
materials and battery production equipment to achieve all
localization.

(3) Fuel cells

Fuel cell system < 0.3 million yuankW,mmembrane electrode
cost < 50 yuan/kW,high temperature composite membrane cost <

yuan/m2

0.3 million :
5.New generation of biomedical materials
(1) Regenerative Medicine Products

Development of 5-10 bioreactors for regenerative repair of bone,

skin, nerve and other tissues

The annual production scale of high-end regenerative medicine
products is RMB 5 billion.

(2) Functional implants/interventional products
Develop 5-10 biomedical materials for cardiovascular,
artificial joint, dental implant, vision restoration and other clinical

treatments, with an annual production scale of 3 billion RMB
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for high-end functional implant/interventional products.

(3) Medical raw materials

To achieve the localization of important raw materials, to
support a large number of medical supplies, permeable
membranes, biodegradable devices and other products, to
achieve an annual production scale of 3 billion yuan.

6.Electronic ceramics and artificial crystals

(1) Electronic Ceramics

Focus on the development of high-k dielectrics with dielectric

constants above 10,000 and dielectric losses below 0.1
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Quality ceramics.

(2) Artificial Crystals

Develop large size, high quality and low cost artificial crystal
materials; breakthrough in key technologies for industrialisation
of large size non-linear crystals (mid and far infrared, ultraviolet
and deep ultraviolet) high optical yield scintillation crystals, low
defect sapphire, etc., and apply them on a large scale.

7.Rare earth functional materials

(1) Rare earth magnetic materials

Sintered magnets have a combined performance
(magnetic energy product (MGOe) + coercivity (kOe)) of 80;
the magnetic energy product is >40 MGOe for a Ce content of 40%
of the total rare earths.

(2) Rare earth optical functional materials

White LED phosphor application devices wihluminous

efficacy >llmifor a wide colour gamut
(>100% NTSC) display application requirements.

(3) Rare earth catalytic materials

Gasoline olefins and sulphur content, motor vehicle

catalysts and devices meet National VI emission standards.

(4) Rare earth hydrogen storage materials
Development of new power and energy storage battery

materials with high energy density and low cost; formation of a
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platform for automated control, industrial production, complete
sets of equipment capabilities and testing and evaluation of
battery materials and products.

(5) Ultra-pure rare earth materials
Rare earth oxide purity 6.5N, rare earth metal purity 4_5N.

Focus on breakthroughs in new rare earth material composition

design and high throughput preparation technology, rare earth
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Microstructure control preparation technology for functional materials, high-
temperature and high-pressure synthesis of rare-earth phosphors and

surface

Common key technologies such as overlay technology and efficient
separation and purification technology for rare earths.

8.Advanced Semiconductor Materials

(1) Third generation semiconductor single crystal substrates

6-8 inch SC, 4-6 inch GaN, 2-3 inch AIN single crystal
substrate preparation technology; can produce large size, high quality
third-generation semiconductor single crystal substrate of the localization
of equipment.

(2) Third generation semiconductor optoelectronic devices,

modules and applications
LED epitaxy and chip fabrication technologies with luminous

efficacy above 200 iil; AlGaN-based UV LEDs above 50mW.

(3) Third Generation Semiconductor Power Electronics Devices,

Modules and Applications
Key technologies for the preparation of SiC power
electronics devices above 15kV; design and preparation of high
quality, low cost GaN power electronics devices; applications in high
voltage power grids, high speed rail transportation, consumer electronics,
new energy vehicles, new generation general power supplies,

etc.

(4) Third Generation Semiconductor RF Devices, Modules and
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Applications

GaN-based HEMT microwave RF devices and modules
above 100Mhz; applications in 5G mobile and satellite
communications.

(5) 450mm large diameter silicon wafers

Key technologies for the preparation of 450mm silicon materials;
guide lines for the production of more than 50,000 wafers of 450mm
silicon per year

9.Display materials

(1) Print display

60-inch class, 4K2K high resolution printed OLED displays by
2020 and 100-inch class, 8K4K ultra-high resolution printed AMOLED
displays by 2025.
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(2) Flexible displays

In 2020, 300 P P11 resolution small to medium sized flexible
AMOLED displays, bendable <1cm in diameter, and in 2025, 100
inch class, reelable 8K4K flexible displays, small to medium sized
foldable displays.

(3) Laser displays

100-inch class HD laser home cinema with a colour gamut

space of
160% NTSC, and by 2025, 200-inch UHD laser display products with
a200% NTSC colour gamut space.

9.2.4 Strategic support and assurance

1. The establishment of a special programme for key strategic
materials; focus on breaking through the constraints of advanced
core engineering process technologies and enhancing the level
of technological innovation in common processes in the key
strategic materials industry.

2.Create a number of national-level joint innovation centres
for the new materials industry in key areas, formed by new
materials producers, key users and research institutes, to carry
out upstream and downstream collaborative innovation.
Encourage the establishment of industry-university-research
innovation alliances to carry out the development and

application of key strategic materials.
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3.Strengthen the research and development of key strategic

material standards and application standards.

4 .Deepen the development of civil-military integration and realize

the two-way transfer of new material technology.
5.Establish a risk compensation mechanism for the "first
batch" of new material applications, improve
comprehensive supporting policies such as insurance, finance
and taxation, and strengthen the cultivation and support for the
initial market of new materials. Carry out evaluation and

recognition of the maturity of new materials technology.
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9.3 Frontier New Materials

The invention and application of revolutionary new
materials have been leading the global technological innovation,
promoting the transformation and upgrading of high-tech
manufacturing industries, while giving birth to many new
industries. In terms of bringing into play cutting-edge new
materials to lead industrial development, China's independent
innovation capability is seriously lacking, and there is an urgent
need to increase innovation in cutting-edge directions of new
materials such as 3D printing materials, superconducting
materials, intelligent bionic and metamaterials, graphene, etc., to
accelerate the layout of independent intellectual property rights
and seize development opportunities and strategic high points.

9.3.1 Demand

In the next 10 years, in order to meet the demand for
personalized and customized complex-shaped metal products
in the fields of aerospace, biomedical, automotive and
motorcycle, and consumer electronics, the demand for 3D
printing metal powder will grow at an average annual rate of 30%,
reaching 800 tons by 2020.

2,000 tonnes by 2025. China is interested in superconductivity in smart

grids, large scientific devices

Demand for the material continues to grow, with demand set to reach $10 bilion
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by 2020 and$10 bilonby2025
The market size of smart bionic and metamaterials is expected
to reach $15 billion in 2020. Smart bionic and metamaterials are
the core materials for smart manufacturing and smart sensing, and
it is extremely urgent to achieve large-scale manufacturing and
application. Graphene is a super material that will dominate future
high-tech competition and is widely used in the fields of electronic
information, new energy, aerospace and flexible electronics, etc.
It can greatly promote the rapid development and upgrading of
related industries and has a huge market prospect, which is
expected to give rise to a 100 billion yuan scale industry.

9.3.2 Objectives

By 2020, we will have accumulated a number of core
technology patents for cutting-edge new materials, achieved
mass production of some products, and realized application

demonstrations in key areas.
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To achieve an effective layout of cutting-edge new materials

technologies, standards and patents by 2025;

Frontier new materials have made important breakthroughs and
achieved large-scale applications, with some areas reaching
world-leading levels.

9.3.3 Development focus

1. Materials for 3D printing

(1) Low-cost titanium alloy powder

Meet the requirements of aerospace 3D printing of complex
parts with low-cost titanium alloy powder cost 50-60% lower
than the existing equivalent titanium alloy powder.

(2) Iron-based alloy powder

The physical properties of metal products densified using
the 3D printing process are comparable to those of fine cast
products of the same alloy composition.

(3) High temperature alloy powder

Development of densification technology for metal powders and

establishment of an evaluation standard system for products.

(4) Other 3D printing specialities

Breakthroughs in industrial preparation technologies for 3D
printing materials and the establishment of a standard system

for related materials products.

2.Superconducting materials
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(1) High performance superconducting wire for strong magnetic
fields

Mastery of high performance superconducting wire structure

design and batch processing control techniques.

(2) Low-cost kilometre YBCO-coated conductors

Mastery of coated conductor weaving substrates, functional
layer deposition technology and MOCVD and PLD manufacturing
equipment.

(3) Products for applications such as superconducting current

limiters at high voltage levels
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Knowledge of electromagnetic design for applications such as
superconducting current limiters at high voltage levels, ultra-high

voltage
Key technologies such as insulation, assembly construction and grid-
hanging operation.

The overall breakthroughs are in high performance and low
cost superconducting wire cluster drawing and shaping
processing technology, large scale high efficiency and long life
refrigeration machine technology and low heat leakage low
temperature vessel preparation technology, superconducting
application product preparation technology for different
wavelength bands and frequencies.

3.Intelligent bionics and metamaterials

(1) Controlled metamaterials and equipment

Enables the controlled conversion of electromagnetic waves
in a specific frequency band from absorbing to transmitting, or
the conversion of absorbing or transmitting waves in a specific
frequency band to radiating electromagnetic waves.

(2) Biomimetic Bioadhesion Modulation and Separation

Materials

Achieve long-lasting anti-adhesion of marine organisms (3
years, less than 5% )with no environmental toxicity; achieve
efficient adhesion regulation and enrichment separation of more

than 99%; obtain 2-3 types of long-lasting bionic anti-adhesion
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coating materials and bionic efficient separation technology and
equipment.
(3) Flexible smart materials and wearable devices

The production of flexible bionic intelligent materials
"roll-to-roll", electromagnetically adjustable, intelligent sensing,
0-360 degrees of arbitrary bending, and compatible with the
human body.

Overall breakthroughs in large-area preparation and coating
adhesion technologies for biomimetic bioadhesion regulation and
separation materials; flexible, large-area preparation and
biocompatible technologies for smart materials; and joint design
technologies for adaptive controllable metamaterials with

intelligent and biomimetic properties.

4.Graphene materials

(1) Graphene-based electrode materials for electric vehicle

lithium batteries

More than 1x shorter charging time and 1x longer range than

existing materials.
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(2) Graphene-based anti-corrosion coatings for marine

engineering, etc.
More than 1x longer life than conventional anti-corrosion coatings.
(3) Graphene films for flexible electronics
With a price/performance ratio that exceeds that of ITO and
excellent flexibility, it can be used in a wide range of applications

in flexible electronics.

(4) Graphene-based high-performance thermal interface

materials for optical/electrical applications

Graphene-based heat sinks offer more than 2 times the

performance of existing products.

Overall breakthrough in graphene scale preparation
technology, graphene powder dispersion technology, graphene-
based electrode material composite technology.

9.3.4 Strategic support and assurance

1. The establishment of a special programme and special funds for

frontier new materials.

2.Focus on establishing a number of national cutting-edge new

materials innovation centres.

3.Strengthen the research and development of standards for

cutting-edge new materials and their applications.

4. Priority is given to supporting the demonstration application of

cutting-edge new materials.

5.Establish a long-term mechanism to match production and
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demand, and build a number of cutting-edge new material

industry bases.
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X. Biomedical and high performance medical devices

10.1 Biomedical

Biopharmaceuticals is a general term for biotechnology-
based products and systems technologies for disease control
and health care, including genetic drugs, monoclonal/protein
drugs, vaccines, small molecule chemical drugs and traditional
Chinese medicine.

10.1.1 Demand

China is the second largest drug consumption market in the
world, and according to the National Pharmaceutical Statistics
Annual Report, the net sales of China's drug market exceeded
RMB 15,000,000 in 2014. In 2014, China's pharmaceutical
industry generated sales of RMB 245.32 billion. However,
China's independent research and development products are
weak, drug production is mainly generic, and there are few
original new drugs, and there are obvious gaps in key
biopharmaceutical technologies. Therefore, improving the
overall technological content and economic added value of the
biopharmaceutical industry, focusing on developing a number of
innovative drugs and fostering strategic emerging industries in
biopharmaceuticals are the keys to improving the competitiveness

of China's pharmaceutical industry.
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10.1.2 Objectives

By 2020, we will promote a large number of enterprises to
align their drug quality standards and systems with international
standards, including at least 100 pharmaceutical preparation
enterprises to obtain US, European, Japanese and WHO
certifications and export their products; develop and promote
the registration of 10-20 chemical drugs and their high-end
preparations, 3-5 new Chinese medicines and 3-5 new
biotechnological drugs in Europe, the US and other developed
countries in accordance with international drug standards.

Accelerate the international development of domestic drugs.
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More than 90% of heavyweight drugs with expired international patents are

manufactured in generic form by 2020. Breakthroughs
10-15 major core key technologies and the initial establishment
of a national drug innovation system and innovation team.

By 2025, we will basically achieve the alignment of drug
quality standards and systems with international standards;
develop new chemical, traditional Chinese medicine and
biotechnology drugs for ten major diseases, and industrialize 20-
30 innovative drugs; 5-10 new drugs with China's own property
rights will be certified by the FDA or the EU and enter the
international market; build a national drug innovation system that
completes and supports foreign services, and form a high-level
innovation team with an international perspective. We will also
build a national drug innovation system to improve and support
foreign services, form high-level innovation teams with
international vision, and promote the international development
strategy of China's medicine.

10.1.3 Development focus

1.Key products

New chemical, traditional Chinese medicine and
biotechnology drugs for major diseases, with emphasis on new
mechanisms and new targets for molecular targeting drugs,

antibody drugs and antibody cross-linked drugs
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(ADC) protein and peptide drugs, novel vaccines, novel cell
therapy agents, innovative Chinese medicines with outstanding
clinical advantages and personalised therapeutic drugs.

(1) Development of new chemical, Chinese and
biotechnological drug products for major diseases

To develop and promote 10-20 chemical drugs and their high-end

production in accordance with international pharmaceutical standards

The company has developed a number of new drugs such as
multi-target receptor tyrosine kinase inhibitors, targeted anti-
tumour class 1.1 drug famitinib, class 1.1 drug HSH-971 for
Alzheimer's disease and colistin for the treatment of drug-resistant
pathogenic infections; 3-5 new Chinese medicines such as anti-
tumour acoradin, anti-depressant Olsenoxet and diabetic
nephropathy rhubarb acid; 3-5 new biological drugs such as

menadione insulin and long-acting GLP-1. GLP-1, etc.
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(2) Focus on the development of novel mechanisms and targets

for antibody drugs, recombinant protein drugs and

Immune cell therapy preparations

The main focus is to independently develop 20-30
therapeutic antibodies and antibody cross-linked drugs
with strong innovation, high technological content, good market
prospect and independent intellectual property rights
for major diseases such as malignant tumours, cardiovascular
and cerebrovascular diseases, metabolic diseases and
autoimmune diseases
( The programme will include the development of a number of
new drugs, such ahe Ant-CD22 and Ant-CD147 humanised
monoclonal antibodies, G-CSF long-acting protein drugs, recombinant
high potency anti-tumour and anti-viral protein injections and
genetically modified T-cell therapeutic agents (T-cell receptor TCR
and chimeric antigen receptor CAR), of which 10-15 will be original,
as well as the development of matching genetic tests for these
antibody drugs. The development of genotype detection kits for
these antibodies will lead to the development of personalised
and precision therapeutic drugs.

(3) Development of bio-3D printing technology for
tissue engineering and regenerative medicine therapeutic

products
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To explore the application of bio-3D printing technology in
drug screening, tissue engineering and regenerative medicine;
to develop 10-20 tissue engineering and regenerative medicine
therapeutic products using bio-3D printing technology in
combination with macromolecular drugs, new modified immune
cell therapeutic drugs, stem cells and iPS cells.

(4) Accelerating the generic launch of drugs with expired

patents

In order to meet the urgent needs of clinical use, we will
develop 20-30 clinically important products by combining generic
innovation and system integration, and effectively solve the problem
of industrialisation.

2.Key common technologies

(1) New drug target discovery based on disease target

networks, reverse molecular docking
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with corroboration techniques

It uses computer methods to model the cellular signalling
network of a disease, describe the dynamic changes in the
network during the development of the disease, conduct virtual
molecular screening, docking and validation to determine the
effectiveness of drug candidates for specific disease subtypes,
and ultimately identify effective new targets to achieve
innovative drug discovery using dynamic networks as targets.

(2) Cell and target-based pharmacokinetics and
pharmacokinetic/pharmacodynamic/toxicity trinity for drug
development evaluation

The PK-PD and TK-TD models were developed using
human-derived cells and humanised animal models, combined
with the molecular pathology of the target, to enhance the triad
of pharmacogenesis/pharmacodynamics/toxicity.

(3) New technologies for the development of innovative
biotechnological drugs based on new targets/structures/
functions such as antibodies, proteins, peptides, nucleic acids
and immune cell therapy

Breakthroughs in antibody preparation technology systems
with synergistic enhancement of the same target; development of
ADC antibody drug screening technology systems and
bispecific antibody drug production and quality control

187



technologies; strengthening the development of slow-release
platforms for protein and peptide drug-related nanotechnology
and 3D printing technology; breakthroughs in key technologies
for drug-forming research of protein drugs; preparation of low-
immunogenicity, targeted, non-toxic and efficient gene therapy
vectors/delivery systems. delivery systems.
Encourage original innovation to diversify and mature

innovative biological drugs.

(4) Antibody/protein drug industrialisation engineering chain

technology

Build a GMP production technology platform for eukaryotic cell
mass culture, including the development of serum-free culture
medium, engineering cell line building, protein drug purification,
product preparation, lyophilisation process and other technologies,
improve GMP management level, so that the mass production
technology of biotechnology drugs can reach the international

advanced level.
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(5) Drug delivery systems such as magnetic targeting-based

drug delivery and drug delivery-related technologies

A series of new key technologies with common characteristics

Advancing drug delivery systems in the direction of precision,
controlled release and targeting intelligence. To build new
environmentally responsive delivery systems, develop magnetic-
based targeted drug release systems and drug delivery-related
technologies to improve drug performance and its efficacy.

(6) A common technology system for precision therapy
based on individual genetic information and molecular markers

Develop drugs based on individualised specific molecular
markers and establish a technology system from genetic testing to
individualised precision immunotherapy. Establish precision target
screening technologies based on whole-genome sequencing of
tumour tissues and normal tissues, exon and target resequencing,
transcriptome sequencing, etc. Combining changes in disease
target networks and new nodes of proteins for key network targets,
we will achieve targeted drug interventions and improve the
precision treatment of drugs.

(7) Enhancing the quality of chemical generics and improving

the controllability of Chinese medicine quality
To improve the GMP production, quality testing and quality

assurance capabilities of chemical generic drugs and Chinese
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medicines in China through the construction of technical systems,
and to enhance the controllability of the quality of chemical
generic drugs and Chinese medicines. Establishing proprietary
quality evaluation methods and technologies and forming
technical guidelines for the quality evaluation of chemical generic
drugs, and Chinese medicines to ensure the safety, efficacy and
stability of drugs.

10.1.4 Application demonstration projects

By 2020, 3-5 universities and colleges with a good
foundation will be promoted to jointly build large R&D bases,
national translational science centres and collaborative
innovation centres with high technological levels and R&D
capabilities. 2025, the number will grow to 5-10, with 3-5 of these
collaborative bodies reaching international advanced levels in terms
of technological innovation capabilities, major innovative products
and pharmaceutical industrial systems, with annual main sales
revenues exceeding The annual main sales revenue will exceed
RMB 50 billion, and the synergistic centre will become an

internationally competitive centre.
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The company is a major biopharmaceutical backbone enterprise with a
strong presence in the world.

10.1.5 Strategic Support and Assurance

1.To establish or standardise key platforms for the pre-
clinical and clinical evaluation of new drugs in line with
international standards for the quality management of drug
clinical trials (GCP) and non-clinical drug studies (GLP)

2. Optimise and improve the policy of priority review and fast-
track approval, and strengthen the construction of an expanded
team of review and inspection personnel.

3. Refine the implementation of the State Council's Opinions
on Reforming the Review and Approval System for Pharmaceuticals
and Medical Devices Guo Fa (2015) No. 44 to safeguard the

approval of new drugs.

4 .Development of a consistency evaluation system for drugs.
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10.2 High performance medical devices

Medical devices are equipment, devices, materials and
products that are used in the whole life cycle of hygiene and
health protection. High-performance medical devices refer to
medical devices that can meet higher clinical requirements in
terms of function and performance among similar medical
devices, and their development is of strategic significance in
meeting clinical needs and driving the development of the
entire medical device industry.

10.2.1 Demand

In 2014, the total value of China's medical device market was about

300 billion yuan, with an annual growth rate of
More than 15% of the products in the field of high-performance
medical devices are foreign brands, which is one of the reasons
for the high cost of medical care in China. In recent years,
health needs have developed rapidly, but the current situation of
the domestic medical device industry is extremely incompatible
with this.

10.2.2 Objectives

Industry Development Objective 2020:

1.An annual industry size of $600 billion;

2.50% share of domestic medium and high-end medical devices

in county hospitals
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3.Domestic market share of core components reached 60%.

4 .More than 5 engineering platforms and collaborative innovation
centres for scientific and technological achievements were

established nationwide.
5.Formation of 20 demonstration application sites.
6. More than 3 internationally renowned brands are formed.
Industry Development Objectives 2025:
1.Annual industry size reached $1.2trillion.

2.The share of domestic medium and high-end medical devices in

county hospitals reached 70%.

3.Domestic market share of core components reached 80'%.
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4.More than 10 engineering platforms and collaborative innovation
centres for scientific and technological achievements were

established nationwide.

5.Formation of 6 provincial-level industrial clusters with an output
value of over RMB 100 billion.

6. Formation of 30 demonstration application sites.

7 .More than five internationally renowned brands in each of the

major product areas.

10.2.3 Development focus

1. Key products

(1) Medical imaging equipment

3T and above superconducting magnetic resonance systems
(MRI) open superconducting systems, 128-row X-ray computed
tomography (CT) machines, positron emission tomography (PET)
/The following new imaging devices are available: X-ray
computed tomography (PET-CT) positron  emission
tomography/magnetic resonance imaging (PET-MRI)
colour Doppler ultrasound (128 or more physical channels)
miniature ultrasound, digital subtraction angiography (DSA) X-
ray phase contrast imaging, electrical impedance imaging,
magnetoencephalography, etc. The Centre has a wide range of
equipment including

(2) Clinical testing equipment

High throughput clinical testing equipment, rapid bedside
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testing, integrated and full laboratory automated line testing and
analysis systems, molecular diagnostic equipment, automated
microbiological testing systems, high resolution microscopic
optical imaging systems, etc.

(3) Advanced treatment equipment

Large-scale heavy ion/proton tumour therapy equipment,
image-guided radiotherapy equipment, high-definition electronic
endoscopes, high-resolution confocal endoscopes, digital
minimally invasive and implant interventional systems, surgical
robots, anaesthesia machine workstations, adaptive mode
ventilators, electrosurgical instruments, intraoperative imaging
equipment, brain pacemakers and vagus nerve stimulators, and

other neuromodulation series
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products, digital integrated operating theatres, biodegradable vascular

stents, orthopaedic and dental material implants
Injections, foldable I0OLs, etc.

(4) Health monitoring, telemedicine and rehabilitation equipment

Intelligent rehabilitation aids, computer-assisted
rehabilitation therapy equipment, screening equipment for major
diseases and common and chronic diseases, health monitoring
products (including wearable) health big data and health
Internet of Things, telemedicine and related standards, etc.

2. Key components

Large thermal capacity X-ray tubes (above 8MHU) new X-ray
photon detectors, ultrasound diagnostic single crystal probes,
surface array probes (above 2000 array elementsininiature high
frequency ultrasound probes (vascular or endoscopic detection)
high field strength superconducting magnets above 3T, multi-
channel spectrometers for MR (above 64 channels) CT
detectors, PET detectors (based on silicon photomultiplier tubes)
biodegradable vascular stent materials, dialysis materials,
medical-grade polymer materials, implantable electrodes,
standard substances for clinical test quality control and other
core components.

3. Key common technologies

(1) Reliability assurance technology
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This includes reliability analysis, computer simulation,
reliability testing techniques for hardware, software and
machinery, and electromagnetic compatibility related
techniques.

(2) Health Internet Technologies and Standards

Study the health internet standards system, establish
relevant standards in a hierarchical and step-by-step manner,
and establish the necessary technical conditions for testing and
test methods.

(3) Health Big Data Technology

The creation and management of health databases, analytical

techniques based on big data technology and behavioural

guidance standards for health management.
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(4) Medical additive manufacturing technology (3D printing
technology)

Implantable materials and modifications for 3D printing
technology, carbon nano and graphene medical materials
technology, comprehensive solutions for personalised
manufacturing, including inspection, computer-aided design and
manufacturing technology, etc.

10.2.4 Application demonstration projects

1.Innovative Medical Device Application Demonstration Project

Promote the implementation of innovative product application
demonstration projects, which include application training,
maintenance training, data collection and product evaluation in
medical institutions. Through the demonstration project,
evaluation work will be carried out in the dimensions of reliability,
suitability, functional indicators, technical performance and
technical services, and evaluation specifications will be formed
to establish group standards that are suitable for China's
national conditions and meet higher product requirements, thus
forming a group certification brand, so that China's high-level
products can have the brand "created in China" and compete
with foreign well-known brands at a higher level. This will
enable China's high-level products to have the brand name

"Created in China" and compete with foreign brands at a
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higher level.

2. Demonstration project of joint O&M services for medical
equipment based on big data and global orientation

Through alliances and other forms, based on big data
technology and market-based mechanisms, a quality assurance
system for the operation of medical equipment is established,
and relevant standards and codes of practice are gradually
established, etc.

10.2.5 Industrial clusters

A cluster of innovative medical devices in the Beijing-Tianjin-
Hebei region, making full use of the intellectual and medical
resources of the Beijing-Tianjin-Hebei region, featuring
innovation, transformation of results and technology export.

An advanced medical device cluster in the Yangtze River
Delta region, making full use of the rich human resources and
industrial strengths within the region, featuring globalisation,
innovation, advanced manufacturing and product application

services.
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A digital medical device cluster in the Pearl River Delta region,

making full use of the region's open,

Innovation, entrepreneurial foresight and an industrial base
featuring engineering innovation, advanced manufacturing and
export.

10.2.6 Strategic Support and Assurance

1. Establishment of the Institute of Medical Device Industry

Technology

The Institute will carry out research on the reliability of
medical devices, standards research, basic common technology
research and health big data technology research and development; and
carry out basic work on industry basic information, competitive
intelligence, patent analysis, industry research and strategic
planning.

2.Building a public platform for medical device industry

development
The public platform carries out science and technology
services, including: innovation and entrepreneurship coaching,
promoting engineering of results, public testing, clinical trials and
collaborative innovation, and providing a full range of
development advice for enterprise product development.
3.Reinforcing the development of professional talents

Build an education and training system for medical device
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professionals and physiotherapists, and gradually establish a
corresponding qualification certification system and induction
qualification requirements.
4. Creating a policy environment that encourages innovation
Further improve regulatory policies to encourage
technological innovation. Increase policy support for industry-
university-research-medical integration and the application of

innovative medical devices.
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