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Lecturer Introduction — Liu JianMing

Prof. Liu Jianming

Academic Leader of Chinese Electrical Communication . The Director of
“Committee of Smart Grid Technology " of Chinese National "Thirteen-Five"
Science and Technology Policy (2016-2020) . Expert of “Smart Grid Project “of
“Chinese National High-tech R&D Program " . The inventor of the world s first
optical fiber composite low-voltage cable ( OPLC ) . Released the world s first
white paper on power big data .
Doctoral Supervisor , Professor : Adjunct professor of North China Electric
Power University, Wuhan University and Chongqing University of Posts and
Telecommunications. Responsible for the formation of five national key
laboratories.
International Council on Large Electric Systems(CIGRE) fellow .CIGRE D2 China
Committee Secretary-General, D2-5G working group leader.
Deputy Director of Power Information Committee of CSEE (Chinese Society For
Electrical Engineering) . Served as deputy director of Science and Technology
Information Department of State Grid and General Manager of State Grid
Information & Telecommunication Co., Ltd. National outstanding science and

technology workers .
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STATE GRID

CORPORATION OF CHINA

o HEBBAOEE11(Z
Supporting 1.1 billion population

® 2016FEEWIIA 20713{Z7T(RMB)
300B USD in 2016

o {HRIFE50038E (i
Ranked No. 2 of Fortune 500 in 2016

1.1 Power Grid Companies of China

o B 5 75 L

CHINA SOUTHERN POWER GRID

o (HEBAOiEIF2.312
Supporting 0.23 billion population
o 2016EEWHIAN 711{Z7t(RMB)
75B USD in 2016
o {HRIFE5003R5E95(
Ranked No. 95 of Fortune 500 in 2016



SGCC : State Grid Corporation of China

Py 9% EXBEMAE]
N7 STATE GRID
o mmﬁ‘@ CORPORATION OF CHINA

» Ranked No. 2 of Fortune 500 in 2017,
in comparison with No. 40 in 2005;

» Largest pubic utility company globally;

£2=58El Business Scope
o ZERWBEE2ANE (HAR. HEDH)  BEE
TEFR88%
27 Provinces, 88% of National Geographical
Areas
o HEBAOEEL11Z
Supporting 1.1 billion population
® 2016FE WA 20946127 (RMB )
300B USD in 2016

H]

(LEB KT Electricity Load

® 20165 , KEXEB&RESAENM6.75(ZFER , B
BUEE X i ElR = AR G S .

® Maximum consumption load reaches 675 GW
in 2016, exceeding total load of European
countries.

® 20165 , SoAEFEE3605112FERd
Electricity Sales 3605.1 B kWh



Smart Grid Develop Architecture

One - Smart Grid
goal
_TW‘_) « Technological guideline
guidelines « Management guideline
Three » 2009-2010: standard, planning and trial phase
» 2011-2015: full-fledged construction phase
phases

» 2016-2020: leading and enhancing phase

* Grid structure system « Smart application system
Four systems + Technical support system « Standard & specification system
» Strong & reliable

» Economical & efficient
* Clean & environmental-friendly

* Open & transparent
Friendly & interactive

» Generation « Distribution
Six facets « Transmission « Consumption
» Transformation « Dispatching



SGCC: Construction of Intelligent Power Grid and Quality of Power Supply

Operating Income

F - B

labor productivity

AT&C LOSS
power outage time in city

power outage time in rural

total investment in 5 years
SEERIRE
Investment in ICT ¥Z&

224 B USDl/year
Top 500 ( 8)

60K USD/ Person Year

>89

8.234h/home/year

32.32h/homelyear

179 B usp

11.1BUSD, 6.2%

B T

299 B USD/year
Top 500 (2)

95K uUsD/ Person Year

6.78%
3.74h/homelyear

12.74h/home/year

269 B usD

42.7BUSD , 15.9%

In 2016 300 B USD

Top 500 (2)

120K usD/ Person Year

6.3%
1.78h/homelyear

4.44h/home/year

299 B usD

53.7 B USD, 18%0
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1.3 SGCC AMI System Construction Process and Experience

27 Main stations are deployed in centralized mode in province level with
unified main station standard, telecom protocol, O& M
FILRFAUNERDHRMUF—IEER , TIHRR27E , RAKHPHNEE , WEISRE. BE
Y. EBHEARHTTH—.

Set and Release Devloved 27 mai Deployed 430M
11 standards of AMI meter eploye main AMI meters

24 standards of consumption collection substation of 5eRk4.3(Z
P province’ s level BHeRERRE

1 standard of main station of collection = EESGCC 27T

AL . Start full EURAEE
Group decided AMI  24IGFHB(SERETH# deploymgnt
system and start 1RRERFLUGRE FRESMEER 2017.6
R DEFREAMIR S 201
EBigFHITRADIAR * 2013,11 Coverage 97%
* 2010,1-2012,12
* 2009,2-2009,10 SEFYRR .
50005 8HF R 4 Metersin 1
008 -2 EheRE Electricity . Water .Gas . Heat
B, K. S B
1657 P

1.65 M Custmoers



AMI System Physical Architecture

Application
Server
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SGCC AMI System Construction Process and Experience

2017.6
2013.11
2010.1-2012.12 2G/3G/4GILTE 29%
NB-loT Pilot
2009,2-2009.10 PLC-loT ( WB-PLC ) 10%
2008,10-2009,2 NB-PLC 70%
Pilot on N
OPLC Reslig:ar?trilal zvr\;a
NB-PLC : I
WB-PLC

11



COMISION
NACIONAL
DE ENERGIA

Content CN=

I China Energy Sector Overview
II AMI Technical Regulation

IIT Communication technologies



The research of key equipment and the technology standard

familx of Smart Grid

June,2010, SGCC published “The technology standard family plan of Smart Grid”
Including 8 professional branches, 26 technology categories and 92 standard series.
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|EC PC 118 Smart grid user interface

China Smart Grid standard system of public announcement, public offering.

September 2011, approved by the IEC Standards Authority, was formally established.

State Grid Corporation of China undertakes the work of the IEC PC118 secretariat.
Currently there are 15 P-member states (participating members) and 9 O-member
states (observers).

IEC PC118 major participating countries: China, Germany, France, Britain, Japan,
South Korea, Russia, the United States, Spain and so on.

PEEEEMINEIRERRITIITE , DT AT,

2011998 , RIECHESIERHLE , IE=UHAL.
FHEZEEM/ATFIEIEC PCL18F B4 T{E.

BelgP-mRE (SRR ) 151, O-FvRE ( MEKR ) 91

IEC PC118 FEE5ER : FE. EE. ZE. =E. BHAX. HE. #ZH.
xHE. AT,
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|[EC PC 118 Smart grid user interface

2012.5.23-24

IEC PC 118 2nd Working
Group Meeting, Held in Santa
Clara, California

IEC PC 118 latest progress :

2017.11.14-16 , IEC PC 118 sixth plenary session and the thirteenth Working
Group meeting held in Seoul, South Korea. Mr. Richard Schomberg,
Chairman of IEC PC 118, Secretary-General of IEC PC 118,

More than 20 experts from China, the United States, Britain, Australia, Japan
and South Korea attended the meeting.

15



2.1 AMI Standard System

Smart Meter Standard
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2.2 AMI System technical standards

1. Functional
specifications (1)

Electricity Information Collection System Functional Specification

2. Specifications (3)

Electricity Information Acquisition System Specialized collection terminal
technical specifications

Electricity information collection system centralized meter reading terminal
technical specifications

Technical Specification for Communication Unit of Power Information
Collection System

3. Type specification
(3

Electricity Information Acquisition System Specialized Collection Terminal
Type Specification

Information collection system concentrator type specification

Electricity Information Collection System Collector Type Specification

4. Letter of agreement
(2)

Electricity Information Acquisition System Master Station and Acquisition
Terminal Communication Protocol

Electricity Information Collection System Concentrator Local Communication

Module Interface Protocol

5. Safety regulations
(1)

Power Information Collection System Security Protection Technical
Specifications

17




2.2 AMI System technical standards

6. Design Guidelines
(3

Master Station Software Design Guideline

Terminal application software design guidelines

Technical Program Design Guidelines

7. Test specification
(4)

Inspection technical specifications

Special collection terminal testing technical specifications

Centralized meter reading terminal inspection technical specifications

Communication unit inspection technical specifications

8. Management
practices (7)

Master station construction specifications

Communication channel construction management practices

Collection terminal building management practices

Master operation and management practices

Communication Channel Operation Management Specification

Acquisition terminal operation and management practices

System Acceptance Management Specification

18




2.3 Smart meter technical standards

9.Functional
specifications (1)

Smart meter functional specifications

10.Type specification
(2)

Single-phase intelligent energy meter style specification

Three-phase intelligent energy meter style specification

11.Specifications
(8)

0.2S Three-phase smart meter technical specifications

0.5S three-phase smart meter technical specifications

0.5S Three-phase charge smart meter (wireless) technical specifications

Level 1 three-phase charge smart meter (wireless) technical specifications

1 level three-phase charge smart meter (carrier) technical specifications

Level 1 three-phase charge smart meter technical specifications

1 level three-phase smart meter technical specifications

Single phase smart meter technical specifications

12.Safety certificate
(1

Intelligent energy meter information exchange security certification technical
specifications

19




2.4 AMI regulation — system functions

(1) Data collection
> As different types of information collection, program automatic
tasks, and manage the execution of the tasks, and check the result.
» Data collected are: electrical energy data, pay mining data,
working conditions data, power quality statistics, event record data.
» The ways of data collection are: automatic collection, data recall,
event report etc.

(1) BERE
> REAESHREBTENER, KEBNREES, FEESH
RERFHIRT, BEESHTER.
> REMIEYRFEIMARRERE. XIRXBHE. TARE. BiekE
FitHiE. EHCRBES.
> REFXEAEMENRE. BEANEN. EFERFARH



2.4 AMI regulation — system functions

(2) Data management

» Check and analyze the integrity and correction of the data. Not
correct the abnormal data, to guarantee the uniqueness and
Authenticity of the original data.

» Calculate, statistics and analyze the original data by region, industry,
line and time.

(2) #iEEHE

> NREMEEEMSE. EREHITHRENSN, WNTR
BREATEHINMEE, FREELM FIERKEE
HORE— MEFIESCME

> R, Tl R, BESEXSREMIR G IR HT
ITE. GEra,

21



2.4 AMI regulation — system functions

Control
Power control

Tariff control
Remote control

VVVYVVVYVZ®

(3) =4l

hEFE(FE
& FE(EZEH
ﬁii@”"ﬁ%ﬂ :

VVVVVY

IR : HIBRIRIE

Electricity consumption control

Power protection control
Removing control

ATERE. K., SWliRfEE. HEIDETZE
%A %E*ﬂ?@*ﬁﬁ%g# |
iREBEZEE, A=, ARZEESCHEZRE

g

- PTIm A 2
1%% . SCHE{REEIE
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2.4 AMI regulation — system functions

(4) Applications

Automatic meter reading management

Tariff control

Power consumption control: power limit and power ensuring
Power consumption statistics:

Abnormal power consumption analysis

Power quality statistics and analysis

Line loss analysis

Value-add service

(4) Z=EMNA

B R EHE
BIEEE . =1 D
AFABEEE  [REFERE
FEBERFITHH - REDH. BESHT. ZHFAEE T
SERABES  ITERABERELRN. ExAFEN
FHEERERIESRLT - BlE. ERRH. BREUESRLT
ZeiR. TR T - LRGSR EFIRIF 2 iR L3R
1B{ERSS -

ZHEEBTRMAMER. SEBERFMLHRN EEE, AL A EFREFARFE

23
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2.5 AMI regulation — system performance

(1) Reliability "It
MTBF = 2 x 10%h, system recoverable
(2) Availability B F14E
MDM: = 99.9%, terminals: = 99.5%
TSR ERT RN AF/NTF9. 9%, LRimpE e AENA/NF99. 5%
(3) Response time M xzATE]
Remote control: <5s  @{Ei2/EnaRAT A
Important information inspection: < 15min  EE{E B KiCATE
Regular information recall and set: < 155 ##isiz ZAISE WA

History information recall: < 30s 3 56 #4472 2 e RZ A ]
User event response: < 30min FA = 44 is) 2 ]
Regular information (database) query: <5S sz sz =
Fuzzy (database) query: < 15s HEHA (B ) IR0 IR 8]

24



2.5 AMI regulation — system performance

(4) Data collection success ratio RERIFE

One time collection Periodic collection
User level . .
24 sucgess I:atICi._ sucgess IiatICi._
— REEREHE B IR E R IR
C1l >099% 100%
C2 >907% >99.5%
C3 >059% >99%
C4 >90% >98%

25



2.6 AMI Deployment experience

Experience 2216

@ Unified planning, step by step (all provincial companies to establish
sub-annual construction program)

Pilot first, focused important points

Inheritance and development combined

Practicality and forward-looking combination

©@® 0

The combination of advanced and reliable

Z—RAX., 2ELHE (ENMEQXEFHESFERIRAE)
MRET. EREH

BARERREEE

SCRAMSHIREEESS

FEHEERIEMERES

©® 0O
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3.1 AMI System communication

The communication channel adopts optical private network, 2G /
3G / 4G wireless public network, TD-LTE 230MHz wireless private
network and power line carrier. Urban and town preferred fiber
private network communications. The system considers the scale
of construction, technology forward-looking, real-time, safety,
reliability and other factors, to determine the specific mode of

communication, or integration of communication.

WS EERAGLT M. 26/36/46TE4 A M . TD-LTE 230MHz TE 4%

AT HE, T R O S . T XM S is G EF B MBS . REILGS

%Eﬁ@&%ﬂ% FORATIENE . etk Z2etE, RSN R, M
HAxw(E 720 B ataiE s .



3.1 AMI System communication

Communica
tion

Optical fiber

LTE private

2G/3G/4G

Technology

Construction
costs

Reliability

Operation
and
maintenance
costs

Transmission
rate

Access
mechanism

capacity

Security

Influencing
factors

One-time
investment / high
construction costs
High reliability

Low maintenance
costs

10-20Mbps
Full duplex /

bidirectional at the
same time

Unrestricted

High security

Not affected

Lower cost

High reliability

Lower
maintenance costs

1-10Mbps

Full duplex /
bidirectional at the
same time

Limited
High security

Type / weather /
electromagnetic
interference

Very high cost

Poor reliability

Traffic
accounting

<1Mbps

Full duplex /
bidirectional at
the same time

Limited
Poor security

Terrain / weather
/ electromagnetic
interference / not
controllable

No wiring required

High reliability

Small amount of
maintenance

< 2.4Kbps

Half duplex /
polling

Limited

High security

electromagnetic
interference

No wiring required

High reliability

Small amount of
maintenance

> 512kbps

Full duplex /
bidirectional at the
same time

Limited

High security

electromagnetic
interference

29



3.2 WB-PLC ( PLC-IoT)

WB-PLC Performance Testing

Using power line broadband communication equipment network, multiple users
to access the server at the same time, the transfer of documents to meet the
needs of home users data transmission.

3 Kind of Power 4 code stream
environment ¥y N . video

& 5,
S\o - . i 4, 25
o> ccording to the interactive %, Py 0{-80
&“" function of the smart grid, the 0{%"?%, 1‘,}
S\G‘e paper analyzes the main factors 6’0{? ‘ U onf

and Countermeasures of the video
on demand support ability of
""three network convergence"
service, the reliable transmission of
data and the countermeasures.

2009.4 Jt= 30



WB-PLC Performance Testing

Accumulated a large
number of first-hand
data for the research of

i

project based algorithm

31



WB-PLC Performance Testing

Complete site channel recording (Beijing, Shenyang, Wuhan, etc.)
Complete channel modelling

'10 T T T T T T T
XN ERFE
20 14 . e RABEEFRN A
A A o FABHEERE
-30|- S RBEREEIEFAE

o Agilent11:10:200 2012.05.08

LA
7. 5874350z

=IF/dB

#itse
15, 0000008Hz

SRR
1, 48251 30Mz
[z F&

-100 r r r r




Chip physical layer design + bandwidth

Bandwidth range: 2MHz-12MHz

Mid Frequency Band

05 2 10 30
Frequency (MHZz)

2

HUAWEI



WB-PLC Milestone

> International mainstream > Research on power line channel

technology and product 5. Research on basic algorithms and
core technology

research
» Chip performance test

» Chip backend design

Research on channel

characteristics and basic
algorithms

Preliminary
study

2010.1-
2010.6

Technology and
Application
Research

» Research on Product Performance of
WB-PLC Chip

» Domestic and foreign technology
development, market and application
research

20108
2011.6 '

Algorithm
implementation and
verification

» The algorithm implementation on the
common platform

» Algorithm function and performance test
» Preliminary logic design

» Logic design and verification
» FPGA and development board design

Chip and module design
and production

> Application interface
development

> Chip manufacturing and
manufacturing

» Standard communication
module design and
manufacture

" Practical
O application
v

2012.2
2012.8

2012.11

4

Chip and module testing

FPGA circuit test

Digital — analog separation test
Digital - analog integration test
Laboratory networking test

vV V V V V

testing on the spot

34



WB-PLC module (central terminal)

Central Terminal(DCU)Module

Central Terminal SG5000

35



WB-PLC module (meter terminal)

Terminal Communication
Module(Collector, PLC Meter)

[T §

Meter Chipset SG3000



Evaluation, Simulation and Testing

e |
Ml O (S

Power line communication network test environment
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Power Industry Standard

« Technical Requirements of Low DL
Voltage WB-PLC Access System vt N B G i EE e S 5 oIk by E
(Released DL / T 395)

» Technical Requirements of Smart

Power WB-PLC (to be released) iRk :; ?‘iii%z%ﬁ)\%éﬁ

T
@

2010-05-24 75 2010-10-01 3858

Ished % %




IEEE Standard

IEEE 1901.1 Meeting in Mannheim , Germany , 2017

standards for PLC and
acton P1901.1

 Scott Willy
inications AG (PPC)

Germany America Spain Poland China India

39



Multiple Meters To One

June 2011

Power Information Collection
(Shenyang)

Technical application assessment

July 2012

carry out the chip site (Shenyang, Wuhan, Beijing)
installation

40




IEEE ISPLC

» SGCC'’s Information a Telecommunication Group Co ,.L.td in March 2012 jointly hosted the
16th IEEE ISPLC International Conference in Beijing,

» Three keynote speeches, papers, and extensive exchanges with international academia and
industry

» ISPLC is the most influential international power line
communication conference

» During the project period, Information a Telecommunication
Group Co ,.Ltd for four consecutive years at the ISPLC
conference preaching papers

41



3.3 Current Frequency Situation

LTE 230 System technical indicators

Frequency

223.025 ~ 235.000MHz (Power system dedicated
frequency)

Multiple access

OFDM Multiple access methods

Duplex

TDD Duplex

Modulation

QPSK, 16QAM and 64QAM

Base station system RF
channel bandwidth

Discrete 8.5MHz

Single cell throughput

Peak rate: uplink 14.96Mbps , downlink 7Mbps

Single cell support for
online users

2000/MHz

Terminal peak rate

Peak rate: uplink 1.76Mbps, downlink 0.7Mbps

Coverage radius

Dense urban 3-5km , suburban 10-15km , rural
30km

Receiving sensitivity

-120dBm

2




TD-230M system structure

Business
data
statistics,
query and
analysis

EX|st|ng
Backbone

“‘\"\etivztk g

Focus area ':
equipment i Devices

video NN S/ \Y

surveillance Terminal

F \K\ o Equipment
x’ 4 _
|Ii,
j e —
Terminal

Management

Concentrator
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On-site operation: support a variety of power business

O
O
O
O
O

Electricity collection
Load control
Equipment inspection
Power distribution automation
Emergency communication

Directly inserted in the concentrator / special variable
control / collector communication terminal module

44



On-site operation: the impact of different weather changes

1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000

H#HE (bps)

BRI eSO PN

The impact of different

a) Sunny transit rate

g
3
-

MR fEAE R R (R

1000000

900000
800000
700000

600000
500000
400000
300000
200000
100000

0

weather changes

b) Cloudy transmission rate

W (bps)

ML FRR (R

1000000
900000

800000
700000
600000
500000
400000
300000
200000
100000

0

c) Rainy day transmission rate
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Wireless Broadband Communication Laboratory

MRS MREERE EMBM MEEE NALSREINEHED Bi

Power business

applications

True system testing

"El

gk UE230
E“Eﬁai(iﬁ\ =)
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International cooperation

47



China International Information and Communication Exhibition

48



CASE : ZheJiang HaiYan

Radio [Radio frequency

Communication,_ - = frequency unit
terminal Radio ; | | Y
frequency uni —

Module

~— T e
s n"' e Ll

230M LTE Power network

JojeJiuaduo)d

Baseband installatier

Communicati
terminal

Module
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SG High level Communication Event
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3.4 Fiber Composite Cable

RZWIMPE
OISR
HzE

OPGW: ADSS:
Optical fiber composite All Dielectric Self-

overhead Ground Wire Supporting Optical Fiber
Cable

OPPC:
Optical phase conductor

ey S OPLC

OPLC:
Optical fiber composite low voltage Cable

51



OPLC Performance Test

WWW -t
o1
1

g o =5 so ¥5 100 125 150 1FS  ZOO  22S 2S00 2FS 300 325 350 375 400 425 450
P h il

Fiber Optics

Time thour;

PBT Protection Coat . ) ] )
An additional attenuation curve of fiber with

continuous current heating.

Copper Conduct
-0 EIZ %T
Insulator o :
Protection Belt o =
External Coat - H . . |

Additional attenuation curve of mechanical fiber
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Interconnection of home energy management system
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Interconnection of home energy management system
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Live Demonstration
on Mobile Phone



Example SGCC, Shanghai,
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Example: Residential Tariff of Hangzhou

Peak period: 6:00 — 22:00, tariff: 0.568CNY/KWh
Valley period: 22:00 — 6:00, tariff: 0.288CNY/KWh
defined by “Zhejiang Province Electricity Tariff”

The residential electricity cost reduced by 20% when use electricity

more efficient.


https://www.baidu.com/s?wd=%E3%80%8A%E6%B5%99%E6%B1%9F%E7%9C%81%E7%94%B5%E7%BD%91%E9%94%80%E5%94%AE%E7%94%B5%E4%BB%B7%E8%A1%A8%E3%80%8B&tn=44039180_cpr&fenlei=mv6quAkxTZn0IZRqIHckPjm4nH00T1Y3nWDYnW7BPHNbujuhuWmL0ZwV5Hcvrjm3rH6sPfKWUMw85HfYnjn4nH6sgvPsT6KdT

Example: Residential Tariff of Shanghai

Peak period: 6:00 — 22:00, tariff: 0.617CNY/KWh
Valley period: 22:00 — 6:00, tariff: 0.307CNY/KWh



Example: Industry Electricity Tariff of Guangzhou

The peak, valley, regular period is defined according to regions’ real

situation. There is no uniform standard.

The industry tariff of Guangzhou is:

» Peak period: 9:00 — 23:00, tariff: 1.8CNY/KWh

» Regular period: 7:00 — 9:00, 23:00 — 24:00, tariff: 1.2CNY/KWh
» Valley period: 0:00 — 7:00, tariff: 0.7CNY/KWh



Overview of National UHV Transmission
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