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Guangzhou Zhiguang Electric Technology Co., Ltd. established in 2002 with a registered capital of 200 million yuan, is a wholly-owned

subsidiary of Guangzhou Zhiguang Electric Co., Ltd. [stock code: 002169, hereinafter referred to as Zhiguang]. It is a core member compa-
ny of Zhiguang, which is specializing in flexible power technology research in the direction of integrated energy technology and service

strategy development.

Since its establishment, the company has been focusing on the research of electrical control equipment technology with high-power
electronics as its core technology, and conducting technical research and industrial applications in the fields of smart grid, distributed
micro-grid, energy storage, motor control and energy conservation, power quality control, advanced power technology, etc. The main
products include distribution network neutral point grounding device, high-voltage variable frequency converting system , energy stor-
age PCS, static var generator(SVG), intelligent high-voltage shore power system, high\ low voltage power quality management and large

industrial intelligent UPS.

The company's products have achieved regional coverage in the country and are exported to dozens of overseas countries and regions, con-
tributing to the global energy conservation and emission reduction and green energy industry. The company uses the private cloud platform
and big data as its technical means to give full play to the advantages of the “Internet+”, and establishes a marketing and service platform
centered on key industries, key regions and major customers, providing products, technologies and comprehensive technical solutions to
thousands of customers in the power, building materials, metallurgy, chemical, coal, port, municipal, and new energy industries. Typical
customers include State Grid Corporation of China, China Southern Power Grid, Five Major Power Generation Groups, China General Nuclear

Power Corporation, China National Building Materials Group Corporation, Sinopec, PetroChina and Baowu Iron and Steel Group.
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ZG-SPS BRERIEFERAN A
Introduction of ZG-SPS Intelligent High-voltage Shore Power System

IG-SPSEREBERBALHBRELEFRA. TMBEFRA. EERENMREFEL. PR T R,
HEREBMLFRE BRGERIPFRS. MEGSHEEFRS. RARERHFRLE. MEERFRAFINFRR
AR, ERTEABESEZSMTUE. BURPTE. EERN P RUIRGUER. BNBFRATIREEEHI UM B
IR0 S ENAR MR RAUETENXBR20ZSERNBRUFMIGITIER, BIBERESHFNEREFR
4t , °] H SR R AR FI B ST IR

ZG-SPS intelligent high-voltage shore power system consists of nine sub-systems, including high and low voltage power distribution
subsystem, variable frequency voltage regulator subsystem, transformer and grid isolation subsystem, neutral point safety grounding
subsystem, power quality optimization subsystem, electrical comprehensive protection subsystem, and data integrated monitoring
subsystem, temperature control subsystem and ship-shore connection subsystem. It integrates Zhiguang for over 10 years’ research
achievements in the field of high-voltage variable frequency, electrical protection, distribution network neutral point earthing, power
electronic system engineering temperature control and automation monitoring. By combining with flexible and diverse modular subsystems,

it can output various voltage and frequency.
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21 BFRENA
The Introduction of Each Subsystem

SREREFRS

High and Low Voltage Power Distribution Subsystem

A ANNERERARREZAEBRETERR I, BHNEEREREFERRENTERIRI. RELBFRS
YA B T, I 8. BEAXNIRENED, ETNHBERMNIREETEA#THRENITE,

The power distribution system at the input side of the system is designed according to the specifications of the conventional power
distribution equipment, and the power distribution system at the output side is designed according to the specifications of the shore power
equipment. Both sets of the power distribution subsystems can be equipped with monitoring, metering, and communications-related

equipment and interfaces to facilitate monitoring and metering of power supply and equipment operation.
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THRREFRS

Variable Frequency Voltage Regulator Subsystem

THREFRENZOIRERSEZNBIR, HIEEROT:

TR REE IR

Low Harmonics without Filter Device

KRAZPKE. BIEEREA, BHBEEEET1%; RAZB
TFRAEEMEET A, 7] B i E E XK RY6.6kVAl
11kVEE[E.

Using multi-pulse, phase-shifting rectification technology, the output
voltage harmonic is less than 1%. The multi-level transformer and
frequency conversion technology realized by phase shift can directly output

6.6kV and 11kV voltages close to a sine wave.

SR B E— R R

One-click Switching of Frequency and Voltage
BETMBERAEME, M BERRREDENEEER—
RNMINEE, AIUAKIRSRARE N, 852 FBENEL,

The high-voltage variable frequency power supply has the function of
fine-tuning the setting of frequency and output voltage and the one-key
switching function of output phase sequence, which can greatly improve

the flexibility of the system and shorten the access time of shore power.

HEEBE=3810V £EE=6600V

BES MRS ERHREEN

Voltage Superimposed to Form a High-voltage Output Principle Structure

The core equipment is a high-voltage variable frequency power supply, and its functional characteristics are as follows:

ZRORBRZEAR

Multi-pulse Rectification Technology
BeEERERFARAZHORERIZA, BRMERSE,
20%HE U ETRT, BMARELR>0.97, THREHERRA LA
RRIERINGIRE , Bl e # R ERin .

Intelligent high-voltage shore power system adopts multi-pulse
rectification technology, which generates less harmonic pollution to the
grid side. Under working conditions above 20% load, input power factor >
0.97. It can meet national standards without power factor compensation

and harmonic suppression device.

TN IE S RiP

Reverse Power Processing and Protection

EEZMERASPEIIRABSRIFTIE, SHMMERTZE
i, BRAGRNE R EP IR, BehREASHHEBE,
THBREIHE ULHERRIK, R HBRRRIP,

The high-voltage variable-frequency power supply has reverse power
processing and protection functions. When reverse power is detected in the
power system during grid-connection and de-linking, the system output
voltage is automatically adjusted to eliminate the reverse power; if the

power fails, the system issues trip protection.

TNIREBEX R SRR

Six-stage Series System Output Waveform
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TEREMREEFRR

Transformer and Power Grid Isolation Subsystem

R T E2S X ADy11EIERIR T, 50/60HZSA TIFRT, SE R ERIR60HZEHIRE, @I IRE L MERFHE
EESRIARERERT R ot HH B EYIRINEE.
The isolation transformer adopts the Dyl1 connection design, 50 / 60Hz dual-frequency working mode, the rated voltage is set according

to the 60Hz electrical system, and the system output voltage switching function at different frequencies is achieved by setting the output

voltage value of the variable frequency power supply.

YRS EREFRS

Data Integrated Monitoring Subsystem

YRGS RIEFRAATNEERRE, BSEXEERAERE, ETREARBRREETER. BERAMIZRMH
AR EE. BRKE (EXERT) , BT HELERTE PN, BHEELERRES, STRERR.

The data comprehensive monitoring subsystem not only monitors each device, but also communicates with the terminal monitoring system,
which is convenient for the operator to grasp the operation status of the device. The monitoring system should record the output voltage and
current data (including the necessary waveforms) during power supply, so that when the power supply is abnormally interrupted, the state of

the fault can be traced back and the cause of the fault can be analyzed.
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Shore Power Monitoring System
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PERR R T RS

Neutral Point Grounding Safely Subsystem

[REZESTERRABAE, HBIREEASMFTER, REF BEBIEZPMNENIIRISRIEER, P LR
BEMAGRRHBR 2RI,

The neutral point of the isolation transformer adopts resistance grounding and is connected to the ship's hull through the neutral line to limit
the fault current when the ship side is grounded during the shore power supply process and provide safety protection for the equipment and

personnel on board.

BRSGERIPFRSR

Electrical Integrated Protection Subsystem

BRSGARFFRAIRBEMF XN M BITAR 510K G AR EARTIRE, BIRTEEELTRE, B XIERE
TR ERIRE T A sedRIR S K B B 4 HE Ko
The electrical comprehensive protection subsystem is provided with a mechanical lock key for the grounding switch and a key exchange box

for the dock socket box socket key to ensure that the dock socket cable plug can only be plugged and unplugged when there is no voltage at

the socket and the grounding switch of the output switch cabinet s closed.

REFRP HERP WINERP R R AP = B PR 7 AR P
Undervoltage Protection Overvoltage Protection Reverse Power Protection Overcurrent Protection Inverse Time Overcurrent
Protection

) [

+RFIPRS

Top Ten Protection Systems

) N

FAFEPRRIP WEF AR ERAE FRHP fith ARt R AP MEREOBRERP
Optical Fiber Fault Double Overheat Phase loss protection Output Single-phase Ship-shore Safety
Protection Protection Ground Protectiojn Circuit Protection

Product introduction
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Temperature Control Subsystem

AGRNBAEBNBNBF AN ILERELL RS, HbSANRSEITHIFGEEHITENENNES, £28
RIS R RIS B WAV 5 2o

A large number of power electronic components inside the system are sensitive to the operating temperature, so the ambient temperature of
the system operation must be monitored and controlled in real time. Unique and efficient heat dissipation schemes are adopted in multiple

design links.

@ TR RIE (IS ENIRIT

Cooling Design of Variable Frequency Power Cabinet

AARABENDERTAVMABE RIS R, FRTURE. BEZSEN, BRARFEANR.

The system adopts a unique double-sided layout design of the power unit body to shorten the air flow, reduce the air

resistance, and improve the system's heat dissipation effect.

@ IhER BRI
Cooling Design of Power Unit
BABRTRAHIIVOGETHANSERE, BRBERKAHE A REFENBFIRAIE, RIBTRINERNNNE
5, AILURATA I, 48 BB E R,
Power electronic devices are arranged in parallel and evenly on the surface of the radiator to avoid the problem of

short heat dissipation in the series arrangement. According to the difference in the power conversion, air-cooled

or pure water-cooled heat dissipation schemes can be used.

@ REIMBIFRHL R GIZIT
Cooling Design of the Equipment External Environment
BRLZENTMBEFIRITTRER, I ARENN G TR MIER KPR F KO AL T M 1T 4
7‘5%0
Zhiguang has many years of experience in the refrigeration design engineering of the inverter room, which can provide

heat dissipation design and operation and maintenance solutions that meet the actual needs for different field

conditions.

10 Beeae

Product introduction



MREERTFRS

Ship-shore Connection Subsystem

MEERFRATEOEDNEERNBAERRS BOMETE) M0 K EERREENLFNG, Bl
EREAHNRIM-FESOR, BERE 6. BXBERLEINREITEFX, BRINMEEFX, MEIFERH
BRI RIS

SBORHE. BeEf. R2URT 6, ARNDBERDPTREELE LR, SIBLE RN, RIEBRIL %
KR/TRARAERN, REFEBREALE; RINBREEFRUMNGE, WHEIRFBES, B R LT BRI
o

The ship-shore connection subsystem mainly includes two parts: dock socket box and cable management system (required for some types
of ship). The dock socket box is installed at the front of the dock, and the ship-shore electrical circuit is established by plugging in cables to
shorten the connection time. The dock socket box maintenance door is provided with a travel switch and an interlock corresponding output

switch to provide interlock protection for the maintenance work.

The cable management system that integrates power transmission, intelligent control, safety and reliability and other functions. The
hydraulically coupled drive unit drives the cable turntable to realize intelligent cable retraction and ensure that the retraction tension is
always lower than the cable's maximum bearing capacity, and the safe use of shore power cables. In addition, the cable turntable has a limit

action, which outputs an emergency cut-off shore power signal to avoid the live cable being pulled off.

R4 T A 0 Sk HE R AR EREMET ARG
Special Dock Socket Box for Cruise Special Dock Socket Box for Container Ship

AT RBAERRS

Special Cable Management System for Cruise
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HEEREMLR

Excellent Power Quality

HIHEBERK < 1% RHRBEX < 1%
Outputvoltage harmonics < 1% Load regulation < 1%
=Rk B ERNTEE < 2% RItHATER S PR 0.01Hz
Three-phase output voltage imbalance < 2% Output frequency resolution 0.01Hz
RINEEIRIER < 3% BWNIDEREE > 97%
Input current harmonics < 3% Input power factor > 97%

System Stability

BREFREFERRMAAMBARR, ENeEZMRBORMRIRNFESRERS. BEFRE F#
TR MR, RIDREESMIMENRE N —EIE.

After years of research and technical accumulation in shore-based power supply, Zhiguang has provided high-quality shore
power products and services for many ports in China. Each set of products must undergo strict performance tests to ensure its

stability and consistency in various environments.

LIPEFIME

Maintenance Convenience

FIREFXBRHERUEMIRIT, BRREMVKIE, B RRERIROAMMHTIRERESTT, £
BHEFIRIEEIR, D 4EEETE], MR IR EIS B A= £ IniE B R RIS
The main equipment adopts advanced modular structure design, if the module is faulty, it will automatically display the name

of the faulty module and cut out it, which is easy to replace and reduces maintenance time, thus reducing the impact of power

failure on customers to a minimum.

1 B
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2.3 MRFEHMXERA

Key Technologies for Ship-to-shore Grid Connection

ARNEFEISBERAR

Reliable Phase Sequence Detection and Rectification Technology

ZG-SPSEREEEFBAZRINGLAER, AEFohAREMEm0NE R HBEEFIIEE,
The default output of ZG-SPS is positive sequence. The system is capable of manually adjusting or automatically detecting and

adjusting the output voltage phase sequence.

REBEFERA

Low-voltage Ride-through Technology

IG-SPSEEEREREAATF LEMNEERZENASMBEFHAEDN, RIEHERER LIREFZFMBRN
BETENED, RAREMRAEBESENIRER 2.

The ZG-SPS is capable of low-voltage ride-through capability in case of sudden voltage drop in the on-shore power grid, ensuring
that the ship’ s equipment is not affected by the transient voltage drop in the shore-side power grid during the power supply peri-

od and maximizing both power supply continuity and equipment safety.

ERERERMERRA

High-precision Control Technology for Voltage and Frequency Regulation

ZG-SPSERERER B ARSI N B EMPTEREEH#ITOREEAIFZS], RN HHBENREE
fl; BIRMEREEE T ERRES, HHMEREEIX0.01HzZ,
The ZG-SPS detects the output voltage and DC voltage of the unitin real time for closed-loop control of the split-phase voltage to

achieve stable control of the output voltage; the power supply frequency is precisely controlled by a high-precision digital quantity

with an output frequency accuracy of 0.01Hz.

B TETIRE A

Seamless Ship-to-shore Switching Technology

ZG-SPSERESEREAFA I EN MM TERAMEMN THEEN TEHREPIIEE, KIMAM LB NEBEHE
BYTR I [E) 25 H BB IR T 42 Y]
ZG-SPS can adapt to the automatic synchronization function in ship-side operating mode and shore-side operating mode to achieve

rapid synchronization and seamless power switching between ship-side generators and shore-side power supply.

Product introduction



24 RAREAR
System Installation Form

IG-SPSEREBERBAGAENREMEINERBLEM A A AR ER.

The ZG-SPS intelligent high-voltage shore power system is available for both indoor installation and outdoor container installation.

ERRE

Indoor Installation

ERNREANEGTRRANING, REEEL
RRBERENELLINEEEMA, ERNEREN
=8, MFEIFIRIETEIR, BAFRHRF.

The indoor installation is suitable for sites with large spaces.
The system is installed in the onshore power supply room or
terminal front substation, and there is plenty of space for on-site

maintenance and operation, but the equipment can’ t be moved.

EIMERARE

Outdoor Container Installation

EHNERBRESR, EMFHHER. FES =
R/AARRENT S, RAESHEIRIE RN |

==
occasions where the site is limited and is not suitable for the

The outdoor container installation method is suitable for ']
construction of permanent power distribution rooms. The "

system covers a relatively small area.

12 WA
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Typical Application Case

HIEF2019F 128, BARBEHEFESEEEEBRATORE, BN ZHATRERE B EOB. BIA.
JERYEOR, BIBEERNETEARBO, HEEOE. F5B. BB XOBFS P BO#TESHEMM
o

As of Dec. 2019, Zhiguang has produced a total of more than 70 sets of intelligent high-voltage shore power system, which have been widely
used in major domestic ports such as Tianjin Port, Qingdao Port, Yingkou Port, Xiamen Port, Guangzhou Port, Shenzhen Shekou Port, and
Zhanjiang Port. In addition, the normalized supply of electricity by ships is carried out in several ports such as Yingkou Port, Qingdao Port,

Xiamen Port and Shenzhen Shekou Port.

RUTARED
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3.1 5E5Hp &4 16000kVA/11kV BrEBEFERA

Qingdao Cruise Terminal 16000kVA/11kV Intelligent
High-voltage Shore Power System

201545, 5 BRI BB A—E16000kVA/1IKVEEESEFE RS, ZFBEME RN BEXR. EHFHEK. ZFE
Bt —Fa LM BB 230008 TR, BAEZEtiR3.6 50, 5 S EEML A SSMEESHIN.
In 2015, the Qingdao Cruise Terminal project used a 16,000kVA/11kV intelligent high-voltage shore power system, which has a large stand-

alone capacity without parallel connections. The shore power project is expected to replace 30 million kilowatt-hours of electricity a year,

reduce CO2 emissions by 36,000 tons, and achieve zero emissions for cruise ships docking in Qingdao.

16 e
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3.2 ITEO#H 2000kVA /3000kVA B RES [ EFHE RS

Liaoning Yingkou Port 2000kVA:/3000kVA Intelligent
High-voltage Shore Power System

201645, TTEOBDILET—E2000kVAFI—E3000kVAREN B ESEFB RS, ERZFERANEEM
faR ekVEELARMRT, 7EMR LECHMRETER, AR LB MBEAME400V, HRBHARN L B4 HINZEI60kW,
In 2016, a 2,000 kVA and a 3,000 kVA capacity intelligent high-voltage shore power system were installed at Liaoning Yingkou Port. The oper-

ating vessels connected to this shore power system use a 6kV high-voltage embarkation mode. The ship is equipped with a step-down trans-

former, the ship's grid voltage is low voltage 400V, and the output power of the ship-side generator is 360kW when connected to the grid.
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3.3 ERAEITEK 103 JBfiL 5000kVA BEEEEFER SR

Qingdao Qianwan Port Area 103 Berth 5000kVA Intelligent
High-voltage Shore Power System

20175, HEAMANERNRBRANERSEFERAAEFTRBO—RIEEMRY. ZHENFRERAAREETE
5000kVA, $Z60Hz, RARREFmIZITIER. ZHNERENE —EXBHMM AR REREA, PHERBEMRERIFR
A BA KT RIEH RARFRANE S EFE RS

In 2017, the intelligent high-voltage shore power system with the largest capacity in China, developed by Zhiguang, was successfully connect-
ed to a ship at Qingdao port at one time. This shore power system has an output capacity of 5000 kVA at 60Hz and adopts a modular product
design concept.This is the first intelligent high-voltage shore power system in China that integrates power conversion technology, neutral

grounding and protection technology, real-time cable monitoring and control technology.

15 kel
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3.4 B ESISERIEE K 5000kVA Bt EFB RS

5000kVA Intelligent High-voltage Shore Power System
of Songyu. Container Terminal in Xiamen Port

2017 &, EITHEISTEEA—E 5000kWA BEEBEFRBRS, € 6.6kV SEZMS R BAMEMMFRIE
A 81979 5000KVA, fit 3 MNEER, HEMAE 20 HIELKIRMA RN FRERR L. FEASRE TFE 60Hz f
50Hz IR, HESMHAMMABRER, ANAETENRIFIIE, FIMRH AN L EZMNRSIERR, ®RIFAEAR
MgERE,

In 2017, the design capacity of the intelligent high-voltage shore power system of the Xiamen Songyu Project was 5000kW, using a 6.6kV high-
voltage voltage conversion scheme. The rated capacity of the shore power of the two sets of ships at the terminal is 5000KVA, which is used
by three berths. It can meet the requirement of two 200,000-ton ships to berth and use shore power at the same time. The system output can
work in two modes, 60Hz and 50Hz, to meet various ship power requirements, and has complete protection functions, which can limit the

fault current when the ship side is grounded and protect the safety of personnel and equipment on board.

LEAvEESE g
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3.5 7Yt OKEFEIEL 4000kVA BReEEFRB RS

Shenzhen Shekou Container Terminal 4000kVA
Intelligent High-voltage Shore Power System

20194, R OEERIELERA—E4000kVATEEBEFB RS, XH6.6KVESEMMEOFRERS, JIRIE
RRAREE S 2K, AR M EMERMEEBEEBE, IRBERARBEEENINE, FEEBRESMHBLEYV ST hEHMAAE
%,

In 2019, a set of 4,000kVA intelligent high-voltage shore power system adopted by Shenzhen Shekou Container Terminal uses a 6.6kV high-
voltage ship port shore power system, which can adjust the power supply frequency and supply voltage and set the system output voltage
and frequency according to the ship's power grid parameters, so that the shore-based power supply and the ship's generator can achieve

non-impact grid connection and load transfer.

20 kit
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M, FEEMREBICIREZN
Extensive-Practical Experience in Power
Supply.with Connected Ships

EART24 BRiSREREERARMINEZENTIMIRBIETI0RE, HPEZE10000TEULL ERI AR SEETERT,
EEHE. BAME, AMEEOT

According to incomplete statistics, there are currently more than 40 Chinese and foreign ships connected to our shore power supply system.

Among them, there are many large container ships above 10000TEU, as well as bulk cargo and ro-ro passenger ships, details are as follows:

FINEEE AR ELMFRNS R (59)

Various types of ships (parts) successfully connected to ZG-SPS

i BIEEES (13386TEU) COSCO Shipping France (13386TEU)

i BIEE =S (13386TEUV) COSCO Shipping Netherlands (13386TEU)
HRiT 2 R ASEES (20000TEU) COSCO Constellation Sagittarius (20000TEU)
P2 ERELZES (20000TEU) COSCO Constellation Grand Virgo (20000TEU)
SEEETES (13000TEV) Maersk Edinburgh (13000TEU)
STEBEHNIXS (13000TEV) Maersk Ensenada (13000TEU)

HEDEES (13000TEV) Maersk Gudi (13000TEU)

STHEIRZ%HS (13000TEV) Maersk Essen (13000TEU)

HFEMSC DANIELA (14000TEU) Mediterranean MSC DANIELA (14000TEU)
EORKTESERAM (BEXEMMHB) Yingkou Port Lilac Passenger Ship (normal power supply with ship)
T #LE801% COSCO Shenhua Round 801

TEGERRELBEEE

Extensive Practical Experience in Power Supply with Connected Ships
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Guangzhou Zhiguang Electric Technology Co., Ltd.

Add: M EHX =TI XKIHRERS51S
NO.51 Punan Road,Yunpu Industry Zone, Huangpu District Guangzhou,P.R.China.
Tel:020-32113398
Fax:020-32113456
Web:www.gzzg.com.cn

Zip:510760 2020k



