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Definition

New-Type Power System refers to a modernized power intrastructure that prioritizes
clean energy sources, leverages digital and intelligent technologies, and aims to meet the
demands of reliable, economic, efficient, and sustainable electricity. It is designed to align

with global energy transitions and decarbonization goals.

New Type
Power
System

b

b b b

Safe and Clean and Flexible and Intelligent
[ Efficient ] [‘Qf Low-Carbon ] [AE Adaptive ] [@Integratimn ]




Main Features of New-Type Power System
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Clean, efficient, low-carbon
d power system
9
Digital, intelligent,
Q Q smart energy power
® system
) High-resilience,
Multi-energy complementary Q e

intrinsically safe and reliable
integrated energy power system
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High proportion of
renewable energy
power system

High proportion of power
electronic equipment
power system

9

power system
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In the new type power system, the relationship between "source,"

"grid," and "load" is transitioning from a one-way flow of "source

following load" to a bidirectional flow characterized by "source-load B Grid bada
interaction" and collaborative synergy Generation and Energy transmission,  Demand-side
’ integration of distribution and management and
. . bl t
For the "storage" element, the increasing share of renewable energy =¥ f:ﬁzzf’,ﬁzﬁ?e s

is making flexible resources in the power system increasingly scarce,

necessitating the deployment of diverse, multi-scale energy storage

solutions across all segments of the system—source, grid, and load.

\ ‘J_E

Regarding the "carbon" element, the dual-carbon goals serve as the

core driver for building a new power system, influencing the four key

Digital transformation

Carbon Target
Flexible energy Integration of digital
storage solutions Emission reduction  and Al technologies

In terms of the "digital" element, digital transformation is the key and sustainable
development goals

elements: source, grid, load, and storage.

enabler for constructing the new power system, facilitating
comprehensive integration with the four elements: source, grid, load,

and storage.



Main Technologies to Build New-Type Power System
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Clean Energy Generation

Large-scale deployment of wind and
photovoltaic power plants to
harness natural resources for clean

electricity

Smart Grid

Using big data, cloud computing,
and loT to enhance grid prediction,
optimization, and scheduling
capabilities, allowing real-time data
collection, analysis, and decision-

making.

Energy Storage

Advanced battery storage systems to

address the intermittency and
instability of renewable energy

generation, ensuring grid stability.

Digital and Intelligent
Technology

Al, data analytics, and cybersecurity
for efficient operations. Intelligent
Scheduling and Forecasting,Fault
Diagnosis and Self-Healing

Capabilities

EREFMEERRAT

Efficient Transmission

Improving the efficiency of long-
distance, large-scale power
transmission, reducing transmission

losses,such as HVDC, FACTS

Electric Transportation and
Charging Infrastructure

Electric Vehicle (EV) Technologies
Promoting electric transportation to
reduce carbon emissions .Smart
Charging Networks monitor and
schedule charging, optimizing charging

resource distribution
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Digital Substation
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The main characteristics of digital substation are secondary information digitization, communication platform

networking and operation management automation. At present, it has been widely applied in the scope of
SGCC, and the technical iterative upgrading has been continuously carried out. In recent years, in order to
meet the development needs of the new power system, the secondary system architecture of the digital

substation is reconstructed to achieve the purpose of system function optimization, comprehensive operation
monitoring and effective safety protection..

Newigeneration digital substation secondary sysStein

Ao o Ao

System Function Overall Operatio Effective Safety
Optimization Monitoring Protection
Unified digital acquisition \ / Full coverage of monitoring\ / Endogenous active safety \
Simplified network information Enhanced boundary
configuration Improved device awareness protection
Data chimney elimination Flexible configuration of Core business control
Intensive integration of intelligent application Information security
equipment Fully support remote monitoring
L monitoring
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System function optimization: unify data acquisition and transmission, cancel process layer network,
integrated equipment, optimize SCD configuration.

Comprehensive operation monitoring : integrate and streamline station control and auxiliary equipment,
form platform + APP software architecture, integrate main and auxiliary monitoring, strengthen station
operation support.

Effective security protection : strengthen system boundary protection, equipment endogenous security,
station communication security and network security monitoring.

Intelligent operation management : improve equipment perception ability, accurately warn operation risk,
Mmanagement data interpenetrate through the whole process.

- Centralized | 1 ] | Unified video |
Dispatching master ——— control H _ _platform
station station B i Business center
Master station . PR ey e e gmneenet
B
Substation
Vertical encryption Vertical encryption
Bay‘l authenticatior%/gevice == | == authenticatior)(gevice i
------
- Integrated Intelligent anti-
Station mo?‘?toring malof?eration Real-ti H Int ted | A
ost ost eal-time | a tio i
5= — m] goensy || |-Ii o 1] — I-Ii iR
| — Edge loT — patrol host
device === i |
] 5} A' N Forward |/ Reverse #n A
2 = T T T Firewall I isola@evice
CMS, GOOSE CMs D , o
Optical Safety Zone I  J Safety Zone IT Reyerse | & D I Safety Zone IV
protection I isolation
chaninel Bay 1 c b ©--- o A device X I ) 4
ross-bay Intelll?ent Gateway Assessment |
Bay equipment fault metering meterin, o S, t
I & s reSoriend device device oo access i |} wireless access
ayer e g cafety & NGRTGaCToRal H Muitifunctional °l transmission gateway | |
i Protecion stabili measurement + Bus Proteciorf jMmeasurerne t ] n-line [
« > 1 Bust and control monitorin EEEEEN =)
SDH Vol i contro device j  device device S howar? — |
e ([0 (8| [2 1, 551 [F50] 1
N bc - A : A A | 4 © ! T
i ¥ I ¥ . . ,
£y L e T | - '
system _ H = 15 o 3 :
Process ! ?/Cr P O ome i G e . | 'A'i___ﬁ'l___l
H -
e | - , PNk MY @ G | | S
H it HH 1 ; N A B | 5 Video
H - [ I S Intelligent: { Environmentalli —\ . | Patrol Wearabl surveillancd
I SkEER | SFESMR MUyt | MRERT R oo,y if monitoring i Wireless |- Patrol Wearable oy,
e A e P i |




System Function Optimization STATE GRID

BRAZIL HOLDING S.A.
EREFEERRAS

Data collection Device function

Unify the digital collection of the entire station, Similar functions of secondary equipment in
unify the digital transmission method of the bay the Bay layer are merged and optimized to
layer equipment, cancel the process layer improve the integration of homologous

technologies, avoid repeated data collection,
reduce the number of switches, and integrate the and reduce the number of equipment and

merging unit and intelligent terminal functions data transmission within the station.,

network, simplify the network, significantly

SCD configuration

The modeling is standardized and normalized,
SCD file configuration is simpler, information
display is more intuitive, and configuration tools
are easier to use. The information configuration
and function configuration of protection and
control equipment are decoupled (CID and CCD).
The version of the SCD file is controllable
throughout its life cycle.

Network configuration

The process layer network is cancelled, small
amount of interlocking GOOSE information are
exchanged through the station control layer
network. The station control layer network design

is standardized and normalized, and the switch
configuration is solidified. All are completed
before delivery
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Stations integration
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> Integrated system host.The station
control layer hosts are optimized and

integrated, the quantity is greatly - = S =
reduced. ﬁ/lonitoring gateway: Service gateway
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> Integrated gateway machines. The
gateway machines are unified into real- —
time monitoring gateway machines and
service gateway machines. The blade- !g
type multi-card deSign greatly improves \Monitoring host | Application host Inteligent ingpe/ction
performance and supports multi-master N
and multi-protocol communications.
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Station full support

> Model station maintenance and global sharing. @ @EEETLIED — QLI i

I . o farrant mAadAle B ntial . 1

! Improve the main and auxiliary equipment models, T Bam ) Deviee Status | [y e |

| standardize the interaction between substations and |__processing _ji Monitoring | . comsqatg - L-oReron

| dispatching master stations and centralized control -- " equipment | eﬁgi’;“ﬁg\t |

: stations, and realize substation source configuration — \. - E@W..?..t.%-----:::::::%%E@_tg::__, i

__.and comprehensive sharing of master stations. BN e

__________________________________________________________________

R gy - —-——— = = = - -

distribute ' Service-oriented ' distributed
d communication

protocol Marshalling
Concurrency

station. The station can perform on-site analysis and
comprehensive  judgment of equipment failure
anomalies, and upload the results to the main station,
which can reduce the pressure on the main station and
improve the efficiency of remote monitoring.

Event-based alarm

Sequential control
operation
Comprehensive fault
analysis

...... Dynamic Access

Penetration

Equipment health status
.- > _ Strengthen the station’'s_support_capabilities for the analysis

master station. The station encapsulates event-based
alarms, sequential control operations, remote browsing

1

: Equipment Trend Analysis
|

|

l and other functions as services, supports remote calls
I

I

|

|

|

1

I

Equipment operation
analysis

to the master station, and realizes the integrated
deployment of master and substation application

e f;l'{r_]gtl_o_rls_ ________________ Equipment family defect

""" analysis
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Build a  comprehensive  three-
dimensional protection system of "
equipment security and controllability +

§

communication encryption and - Rk
authentication + solid  boundary

protection + full-site network

monitoring"” .

Focus on strengthening the protection
of in-station communications, add new
measures such as wireless access protection,
trusted immunity, and operation and
maintenance management, expand the
scope of monitoring and collection,
effectively protect the substation network
from attacks, and ensure the security of the
substation system in all aspects.
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Electrical Meteorology
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Electrical meteorology technology refers to the methods and means by which power systems respond to

meteorological influences, including meteorological environment monitoring of power equipment, power

meteorological forecasting and early warning, and assessment of the impact of extreme weather on power system.

|

Electrical
meteorology

Meteorological
environment
monitoring

weather forecast and
alarm

|

Assessment of the

impact of extreme

weather on power
systems

Electrical Meteorological Technology System

Electrical equipment
monitoring

.

Renewable generation |

monimring

Basic weather forecast

Customized forecast
and warning

Pre assessment

7

.

Post Evaluation

N

Basic Monitoring
data support

Basic forecast
data support

J/




Discrepancy between Electrical Meteorology and the
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Public Data Limitations

1 The monitoring data and forecast information obtained from public meteorological

service agencies are far from the actual needs of power production and operation.

Observational Gaps

2 The monitoring sites are far away from power transmission and transformation equipment and new
energy stations, and the data is not representative.

Forecast Deficiencies

3 The forecast information provided by public meteorological services is mostly text products or pictures.
The charges for individual grid data are high, and the full-factor field of the horizontal and vertical grid
Is not provided. The data application is unable to provide customized services with fixed time, fixed
point and fixed quantity to meet the needs of the power grid.
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Key elements required for power meteorology:

«  Wind speed at wind turbine hub height/cut-out wind speed

« Transmission Line ice thickness/wind turbine blade ice thickness

« Photovoltaic panel sand/snow/ice thickness

* Transmission line path wind direction, extreme wind

« Equipment operation and maintenance index, new energy power generation index

* Load index, power supply risk index, etc.



Key Technology of Electrical Meteorology
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Basic Numerical Weather Forecasting Technology

Numerical weather forecasting technology is the basis of customized forecasting and warning for
power. Numerical weather forecasting technology uses large computing clusters to input the
initial forecast field into the numerical weather forecast model, solve the basic equations of
atmospheric motion, add various physical process parameterization schemes, use ensemble
forecasting and other methods, and use observational data for assimilation and correction, and
finally obtain forecast data that evolves over time.

Meteorological observation data is the basic input for numerical weather forecasting, and
meteorological observations for power equipment are particularly important.

The forecast initial field comes from the global meteorological observation network including
ground, ocean, sounding, aircraft, radar, satellite, etc. After a certain analysis, processing and
calculation, the global grid initial field data is finally obtained. The grid resolution is generally
around 100 kilometers, which can be used to drive the calculation of more refined numerical

weather forecasts.



Key Technology of Electrical Meteorology
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Customized power weather forecast and warning technology

Key factors in wind energy forecasting: local topography, surface roughness, dominant climate
types in each region, local micro-meteorological conditions, etc.

Key factors for solar energy forecasting: clouds, near-surface water vapor, dust, haze, terrain height,
etc.

Key factors in lightning forecasting: collision and friction of supercooled water droplets, ice crystals
and other particles in the air, different types of charges on particles, electric field in space between
thunderclouds and the ground, etc.

Key factors in heavy rain forecasting: water vapor conditions, rising air flow conditions, weather

systems that form heavy rain suc
. "




Numerical weather prediction for power production
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Aiming at the demands of power grid production and operation, the numerical forecast system has customized

and developed, which integrates realtime four dimensional data assimilation, rapid updating cycle, and

ensemble forecast.

The two-way nested 3D grid encryption technology are used, the meteorological observation data of renewable

energy stations and transmission lines are assimilated into the numerical prediction model, which improves the

prediction accuracy of key meteorological elements..

medium-scale
models

Resolution at
several kilometers

Two-way coupling

z‘ ) Z ’ : Z‘ 1 Z‘ ‘
ulz  v@@ w2 k(2
wind, temperature,etc

convective, radiative

small-scale models

refinemqnt of
terrain

structured grid
generation

small-scale
turbulence model

Resolution in hundreds of meters

Customized forecasts



Al Foundation Models for Weather and Climate
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« Various Al-based models have been set up for doing weather and climate forecast.

« Recent approaches using transformers, physics-informed machine learning, and graph neural networks have
demonstrated state-of-the-art performance on relatively narrow spatiotemporal scales and specific tasks.

« With a lack of real-time initial field data, the Al models cannot give forecasting results with enough resolutions and
necessary variables for the power system.

» Therefore, power system shall build up a specialized Al-based weather model to produce NWP not only for

renewable power forecasting but for a sound foundation of the New-Type Power Systems as well.

Climate Data Store Datasets  Applications  Userguide  Live  Background

Model Name S e Predl.ctlon Calculation Cost f-or.per ReglorT/ 204 205 05 2007 28 20 010 2011
Horizon Cost Prediction Resolution 2012 w013 e 215 016 o1 2018 2019
2020 2001 fre] 2023 [
16 hours
FourCastNet NVIDIA ERAS 7 days 64 NVIDIA 2s Global /30km Month Sekctal Ceacl
A100 GPU
January February March Agpril May June
Global July B August
Climax Microsoft CMIP6., ERA5 6to 720 hours S0 MIIPI \ /620km
V100 GPU
&115km Day Selectal

At least one selection must be made

4 weeks 0 02 03 o 05 0 o / 08
GraphCast Google ERAS 10 days 32 Cloud TPU 60s Global /30km D
v4(32GB)

Three Typical Al Foundation Weather Models The One-Week Delay of ERA-5 Data



Electrical Meteorology Application Status
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* Blade servers: 600 « 9 polar-orbiting meteorological

* Computing cores: 16,080 satellites including NOAA, Metop,
* Storage capacity:2.65PB MODIS, NPP, Fengyun-3, etc.
« Computing speed: 400 trillion .

Fengyun-2 geostationary
times per second meteorological satellite
 Sunflower-8 geostationary

meteorological satellite



Electrical Meteorology Application Status
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« Based on advanced basic numerical forecasting technology, complete
observation data and powerful computing platform, we have built a
number of operational forecasting systems. Key indicators such as
spatial resolution (3kmx3km), temporal resolution (15 minutes), and
forecast time (7 days) are in the leading position in the industry,
providing a reliable and accurate data source for new energy resource
assessment and power forecasting, power meteorological disaster
warning, etc., and also providing accurate meteorological services for
the company's production and operation.

* Focusing on the key meteorological elements of new energy and
power transmission and transformation equipment, we have
mastered the disaster formation mechanism and calculation
methods, built a customized forecast and warning model, developed

an electric power meteorological disaster warning system, and

provided key customized meteorological elements for power demand.
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Energy storage technology
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Current situation: Energy storage technology has entered a rapid development stage and can be

applied on the source side, grid side and load side of the power system. In the past five years, the
average annual growth rate of chemical energy storage in China has been about 90% , with a total
installed capacity of 710,000 kilowatts, of which the installed capacity on the source side accounts for the

largest proportion, reaching 49%.

Key breakthrough directions: In the near and medium term, lithium-ion, lead-acid and liquid flow
batteries will be the main focus; in the long term, breakthroughs in new generation energy storage
technologies such as liquid batteries and superconducting energy storage will be achieved, which will
have the characteristics of high safety, long life and low cost to meet the application needs of different

scenarios.

26



Energy storage technology
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Energy storage type Key breakthrough directions

Research and development of

el St i e e
manufacturing of high head and large | et ———
: : - UG 2025 2030 2060
Pumped Storage capacity units, construction and
operation and maintenance of Hour  8000YUN 7000y on gy 6500 yuan
Inte.lllgent pumped Storage pOWGr Flywheel Minut 3000-4000 2000-2500 1500-2000
stations energy storage NG yuan /kW yuan /kW yuan /kW
L Hourl 900-1100 500-700 yuan 300-400 yuan
C d ai New gas storage tech.n.ology and e vy Tt pr
ompressed air equipment at supercritical pressure
q p p p All-vanadium Hourl 2500-3000 1500-2000 1000-1500
B i Achieve intrinsic longevity, intrinsic flow battery [N SLUVAL LU LA L yuan /kWh
1c1 _ 1 Sodium-ion Hourl 1800-2500 800-1000 yuan  250-300 yuan
safety and efficient large-capacity B il Wy o R

Energy Storage integration

Large-scale preparation of low-cost,
long-life, high-density heat storage
materials, and high-efficiency, low-
temperature composite cold storage
materials

Phase change
thermal storage

27



Large scale Renewable Energy Connection & Control
/2 STATE GRID

E BRAZIL HOLDING S.A.

NV EREAEERRAT

9\.

Under the development mode of constructing large renewable energy bases and sending it out through ultra-
high voltage DC (UHVDC), the renewable energy base exhibits the characteristics of "high-penetration
renewable energy and high-penetration power electronicsthe following 3 risks emerged:

 The inertia decreases and the frequency characteristics change;

 The broadband risks caused by interaction between different power electronics;

« The transient over voltage risk caused by AC/DC.

50-: 1.500
49'85 ! H ‘ ‘ 1.400 — zhuyG1(p.u.)
= ] \ — gonrG1l(p.u.)
= i No wind power 1.300 _ Siqul(p_u_)
> 406 SR S - : e - T Suettea)
E E: . \| . \ — kanhGl(p.Ll.)
g_ 49.4_- . LA — Wind power . 1.100 \ N
. | . \\. (12000MW) i H ‘ Low N\
* 49-2_‘- = : ,.- ol 0.900
oy o T il N . 0.0
6...‘5“”1:)””1|5”“2I[]..”2I5”HSID””iEI‘.‘)I”Izi-I(] : 0.70%00 — " — - vt
‘ ) ' Time(s) ' ) 28
Increased broadband Increased transient over voltage

Weakened frequency regulation

capability oscillation risk risk



Large scale Renewable Energy Connection & Control
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The transient overvoltage problem of the transmission grid is currently the main focus. To ensure voltage
stability, SGCC has proposed multiple transient overvoltage suppression techniques, including:
B Mastered the high & low penetration performance requirements of new energy units, and established
national standards in accordance with these requirements.
B Proposed optimization strategy for HYDC control parameters to suppress transient overvoltage.

B Proposed centralized and distributed condenser configuration methods.

' 1.3p.u./500ms, 1.25p.u./1s. 1.2p.u./10s 330kv/2210kv Eent?“_ZTd: ; it

L300k Connected ‘ 5 | Voltage contour line I csr?ter(;(l:laof h(i)rh_voc?:aer\elo ::52
= station(330kV 3 £ L _ B 8
E—; Voltage 'g_ ol Bl /// / Photovoltaic inverters and reactive power compensation busbars
g—’nl.lﬂlﬂl_ """" SCR rise(p U ! o T —— //'7‘/4_7/| devices can be dlsconnected from the power grid
%3 — Rl /‘//,//" ////
LS - 0947  0.369 : I, /// / // / / —

1134 0.308 RN — LS LLL  E— Distributed:
0700k _ IIIIIII . : b | 110Ky asky Beneficial for overvoltage
— QggyGl 1.193 0.293 ga 10— [ control of the renewable
— G1 3 ' I i
0.500 . QeqyGl N S N 4 | I energy units
0.0 20 4.0 6.0 8.0 10.0 - 0 05 1 / “ -
Time(s) Time/s
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