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Energy group - Coal and hydro-energy are main energy
resources available at present and in the foreseeable future.

Installed energy constitution for

electricity

Hvdro.19% Pump storage,

3%
Solar, 1%

biomass power,
1%

Wind, 9%
Nuclear, 4%
LPG, 3%

oal, 60%
2020
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1 Requirements for Energy Storage

— Energy Resource Structure

A Coal

B Hydropower

2/3 of coal and wind and
solar resources are located
in North and Northwest.

Demand Center

4/5 of the hydro power '

resources are
in Southwest.

located

South&n

= Powerﬁs’d\

s

Over 2/3 of power
demand concentrates
in East and Central
China.

» Centralized
and massive
exploitation of
RE (in NW, NC,
NE)

> Onshore and
offshore

> Wind resources
are far away
from load
centers

» Long distance
transmission 4



i) BxEmAa 1 Requirements for Energy Storage
v STATE GRID — Renewable Energy plan
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B 80%HAIX B/ APHEEEREHPEIRER - . )
B Installed Wind Power Capacities
=qtitX in 2015 129 GW
80% of wind/solar resources, is located B Installed Solar Power Capacities
in North, Northeast and Northwest in 2015 43GW y

Wind:200GW
Solar: 50GW

Wind:100GW
Solar: 21GW Renewable

Generation Plan
|
2020
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STATE GRID — Challenges
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2500

RIFEARAZBBISAE Main characteristics of wind ™
power/PV :

1000 -

> WHEETIME Generation fluctuation 500
>  KBEAR Different generation technology used
> 9145 Distributed characteristics/locations o | T

§ 2000
% 6000 4
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Impacts on Grids

RERDFARLZBROFRIEN , EBORRZLE
=
wREAHE Grid integrations of large wind /solar

power bring challenges to operation and stability of
grids

>  SEIIIE Weak adaptability to disturbances
>  SEZIEME Weak support to power grid
_ > fi#BEEKR Large storage requirement
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iy EREAAT 1 Requirements for Energy Storage
N STATE GRID — Challenges
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Kev area’s wind curtailment
y

FEXERIREBRFTFX

From PPT of Prof. Gao Hu, China National Renewable Energy O
Centre (CNREC, 2015) CHINA ELECTRIC POWER RESEARCH INSTITUTE



s==maz 1 Requirements for Energy Storage
STATE GRID — Challenges
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2000 - (MW)

] —1.2% ~0.7% .5¢ —~0.8% Coal power
7000 capacity
80%
000
60% SO00
0% 77.4% 0.6% 5.3 _81.3% 4000
LR Minimum technical output
20% S
2000
0% 1000

North East  North-China  North West] Summary 0
Flexible power
supply{Pumped storage, fuel,
gas)

Wind B Regular g -
- others hydropower Coal

[r— Abandoned
wind

B Coal power T OWind power load

Main Reasons

®Lack of flexible generation sources and energy storages to
accommodate the stochastic uncertainty features of renewables

® Improving renewable power forecasting accuracy

® Strengthen electricity transmission channels

® Promote multi-type local consumption for renewable energy

\0 Adopt multiple time-space dispatching optimization
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@ Energy Storage Functions

Applications of different energy storage technologies can resolve
the issues caused by wind/solar power uncertainties, particularly

* Provide energy reserve for emergency
* Peak shaving

* Smooth power output as scheduled

* Frequency Regulation

* Reduce the renewable power curtailments

Improve the power quality

Others



EREMAS 2 Energy Storage Technologies
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\ @ Types of energy storage technologies

)
KESfiEBEFly Wheels
il 1 i AETH iR
EI[ |I| cmirgmck M:“h.fa"'e /jgvl’cwe _ Rersadineey

Thermal Link
Cryocooler

Reom Temp (~293K) ——,
Thermal Link (~60K) j\‘
HTS Leads 3
(High Temperature
Superconductor)

Tnemal Sisid (-35K)—| [

Superconducting (~4K) —J ¥

cccccccccc
or

Pume  gimm PP

Power source/Load
TR RE LA AL AT SR B RIA R AR S SR

Heat ES from Solar ~ Electrochemical ES  SuperCon MES Hydrogen ES
- Molten salt -Various batteries (low temperature) from Wind



2 Energy Storage Technologies
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€ According to the form of ES medium, electricity ES can be divided into:

Electrochemical ES il Electromagnetic ES
BAL AR FL B A e

Mechanical ES
VUt B8

~ technologies

Pumped Thermochemical Sodium-sulfur H
— - - i ydrogen
Storage ES Battery IS Storage
Compressed Air Phase Lithium lon Batte
- P ES Change ES — YL Super Cap _ Synthetic fuels
Thermal material Lead-acid
= Flywheel ES - ES " (carbon) Battery
— Flow Battery
__ Sodium-ion
Battery
Other new :F@%j]ﬂ'%ﬁgﬁﬁ
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2 Energy Storage Technologies
figEERAR

lﬁw _.,,____ A e e

100 MW

10 MW

1MW - - .'

Rated Power

—"—HEV Battery Electric Vehicle
y / MiMH and Li ion}
lokw [ SRS LAY $ =—0F e
k o= ¥ / ’ == DLC Double Layer Capacitor
= FES Flywheel Energy Storage
. H2 Hydrogen Storage
""" F e LA Lead Acid Battery
— = LHU] Li lon Battery e
cooios NaS sodiurn Sulphur Battery RER
© PHS Pumped Hydro Storage 41
RFE Hedox Flow Battery
7 SMES Zyperconduct, magneticES

1kW I * ! L | —SNG Syrthetic NaturalGas ||
01kwh 1kWh  10kwh 100kwh 1MWh 10Mwh 100MWh 1GWh  10GWh  100GWh

mm 'E':

Energy 13
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@ Expected characteristics of various energy storage

technologies for T&D applications

@ Capacity: From small to large in capacity
@ Response time: ms/s/minutes

@ High efficient

@ Cost: affordable

Metal-Air
Batteries

Hours

NaS Battery

Other Adv. Batteries

Lead-Acid Batteries

Q B
High Power Fly Wheels S 2 -
%3

Power Quality & UPS

Discharge Time at Rated Power
Minutes

Seconds

B

1KW  10kW 100KW 1MW 10MW  100MW
14

System Power Ratings
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2 Energy Storage Technologies
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& Installed ES in the world

Maolten salt heat ES

Flvwheel ES

T L figE. 0.9% o

Total installed capacity of global

ES (2000 - 2015)

Global
China

144.8
21.9

142.1
21.8

891 (318 projects)
106
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€ ES Application Situations

Rail transportation e T&D Auxiliary Services
HIE3Z 18 ectric car BB, 774 AC % Bh AR 55
0.1% a2 \ e 3y

DG & microgird

Power transmis
and distribution

MECH
18%

Powe
dispatc

Global ES Application Category (2010- China ES Application Category (2010-
2015, excluding pumped storage, 2014, excluding pumped storage,
compressed air and heat storage) compressed air and heat storage)
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§, EREALT 3 Demonstration Project
‘N STATE GRID - General Information

a{

B Capacity plan of project: wind power 500MW, solar power 100MW, energy
storage capacity 110MW.

B The first phase of project construction: wind power 100MW , solar power 40MW ,
energy storage capacity 20MW, had been completed and operated since Dec 2011
MENMER - RIEB500MW |, FREBLOOMW , fgEeREH110MW, —HITIZESEMN
B100MW, #REZBIOMWENERERZF20MW , F2011512831HE/KIE.




A EREAAT 3 Demonstration Project
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B The demonstration project is located in
Zhangjiakou, where wind and solar resources are
rich. And it is also far away from the load center
of local Jingjintangpower grid.

B The wind and solar power must be
transmitted to the load center by high voltage
and long distance transmission network.

B This project represents the basic

||||||

characteristics for developing renewable A

generation in China, and is a typical case for

accommodating large scale renewable ‘F%gj F=HRPx
CHINA ELE POWER RESEARCH INSTITUTE

generation in local grid.



i EREAAT 3 Demonstration Project

"\ STATE GRID - Objectives

Key Objectives

€ Develop high precise prediction technologies for

renewable generation

€ Develop smart coordination and control strategies for
renewable generation operation -

€ Develop large storage application technologies in
dealing with renewable generation fluctuation and e o
uncertainty =5 =

€ Develop smart technologies for renewable generation
transmission over long distance

€ Demonstrate grid code compliance of renewable
generation integration

€ Cost assessment for renewable energy generation.

transmission and operation
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3 Demonstration Project

- System Configuration

B Consider Intelligent optimization

m General configuration of the integrated wind,

and control system for
cogeneration and operation based

solar, storage energy and transmission system on schedule and forecasting.

RYSHEIMRF DL

System configuration g=
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M |s able to automatic configure and
change from each operation mode
to others.
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B 7 operation modes are considered
- Wind

- Wind + storage

- Solar

- Solar + storage

- Storage

- Wind + solar

- Wind +solar +storage
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3 Demonstration Project

- Key Technology Characteristics

B By analyzing the characteristics of wind and solar resources, it is found that the power output
of wind and solar cogeneration operation varies between 30% and 12% when the ratio in
power capacity between wind and solar changes form 10:0 to 10:10. Therefore, the wind and
solar cogeneration can be used to mitigate the power output variation /fluctuation.i@EigXJ5kit
XK FIRAISHT . MFELEBI10:0 - 10:1083 , BASHAEENTE30% - 12%2[E, Bt , AIFIBAKEE
MFEERE TR

iRZEN.
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20MW , B E95MWh

3 Demonstration Project
- Key Technology Characteristics

® Energy storage can improve the grid integration capability of the

cogeneration system from four aspects fEEERFZNIN S HIRESXI LS &

RS S RFEAIFTN
%, B NEDRE
Follow the planned
generation output,
improve the
predictability of
cogeneration,
reduce the output

deviation

EEuﬂ_’; A—:ﬁumEEum_ﬂ] ~E ?ik*iﬂ’]@t?—ﬁ Ebfj__t 1%

G, IRIFA BRI \ S M / éﬂ%?‘%'iﬁé}h
Rir&EEITHIET ) 3. =5 MEIILE R SeaRa A
[RVASRARSS

Participate in the
system frequency
regulation to
provide qualified
services for the
grid at any time

ab
HUIIEI\

et

lithium iron phosphate batteries, sodium sulfur batteries, flow batteries which are three
different types of chemical energy storage technologies, have been used. Total storage
power rating is 20MW (95MWh in capacity)




3 Demonstration Project
- Key Technology Characteristics

B For wind and solar power forecasting, hybrid method (physical +
statistical) is used to account the uncertainty caused the data and the

local conditions of wind farm B TYIBEMSGIHE S GE, SEMEE T B THRIEM
XU 17 R F 5 R A FRE M H RSN, FFREXE/SERINZRTUM

Statistical Method

CEPRI REAL_TIME Weather Data il 2010-12-28_12:00:00
2010122812000

- E B E & EBEEEEE

97 e e N el e e 1
=1

Wind Speed (m/s)

0 5 0 15 20 25 a0

( Physical Method
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3 Demonstration Project
- Key Technology Characteristics

Intelligent optimal control system is used for cogeneration
BRaRBERSSRENRALE

Optimal Dispatch it iazE

Coordinated
Control

Rk

Demonstration
Project

Tl

szt 4 Online Monitoring

G
ERERAA
EASVAR
G—EEFA

Power

. Forecasting

Operation
Management

miZ—MURFERASETRR. DHHRIT
RUIEHIES: , SCIARIES (X, JE. 8.
M+56. R+ JE+68E. X +56+ECH
). FRENERE (&, ai&, &)
TRIZEHEBIR (FBdH, RERTH.
XFFAGC, HIRERZ ) MERNERSEIT

The system uses a particular
controlling method with centralized
decisions and distributed
implementations. Therefore, it can
implement the coordinated operation
with different combinations (wind, light,
storage, light wind + wind + storage,
light + storage, light + wind + storage
seven ways), different time scales
(steady state, dynamic, transient), in
multi-control targets (smooth output,

track plan, support AGC, Iload -
_shifting,etc)




g{m EREMAE 3 Demonstration Project
STATE GRID - Key Technology Characteristics

Main functions of Intelligent Optimal Control System
BRaRBERRE RIS RFRITIEE

« Data acquisition and joint monitoring of wind-solar storage energy X J¢fig#iERE )
MEXE B

« Generation prediction of wind-solar -storage energy X% % &8 7

« Control of the combined wind-solar- storage energy Rt iEEE &35

« Analysis and evaluation of wind-solar- storage energy. X & #IE 541 57

« Coordinated dispatch and optimization of wind-solar -storage energy Mt EEX &
WiBE

« Communication with grid dispatching systemSEIl 58 MBE R4iEE

« Communication within station systemsSEI} 51734 REiBE




g{m EREMAAT 3 Demonstration Project

STAE GRID - Operation Experience

The combined wind & solar power and storage cogeneration operation mode
(active control mode) X|-Y6-fiE-HiHES AR,

mOutput smoothing mode INZERBHiHRL

mTracking scheduling mode IREZFREELTRIER

mPeak load shifting/peak shaving mode EIEESIRT

mFrequency response/regulation mode JESET

m In 2012, demonstration project
accumulated generating
248million kWh, including
192million kWh wind power and
56million kWh solar power. Until
May 2014, the total generation
capacity is over 700million kWh

201257 E TR RITARFE2.48(2

kWh , EpXE1.92{2kWh , 5K
&EB0.56{2kWh. 2£20145F5H |, B
AREERE7{2kWh




g {,ﬁ EREFAAT 3 Demonstration Project
STAE GRID - Operation Experience

AVC control mode (reactive control mode) AVCIZHIFET

m\/oltage tracking control mode EBEIRIG=HIET

mDynamic reactive power exchange mode 515 TcIERIRET,

mControl mode considering large step transient voltage change &BSHEBE

KB HIRTV

After/logp cpntrol
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f H | Before loop contral

S H®E R

EE::EEIB
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Pt B3k 220k V AT PR 42 i f5 B R T 28
Substation Voltage Curve

RO fE a2 B AV CHip v 12 1] i 2% B Voltage Curve



{9 ERERLE 3 Demonstration Project
== STATE GRID - Operation Experience

Technological Innovation $zAREUH

mPropose the optimization approach for renewable cogeneration - the combined
renewable generation system optimization configuration is suitable for the north area
and a renewable generation system with the wind/solar/storage 5:2:1 configuration
scheme is used.

ﬁ%ﬁ&Tﬁﬁ?ﬁ@z%ﬁ@%%%ﬁﬁ%ﬁ%ﬁ%ﬁﬁmﬁﬁ%,ﬂ%TN%%ﬂM%EE

mDevelop the combined power monitoring and control system for the 100MW scenery
storage project

B H B IR LR RI RO S KB, ZEHIRE .

mPropose the intensive control for multi-type energy storage devices, realize operation
targets of large capacity, fast response, precise output regulation

Xt REERER B TRAMER], KO TFEKR. WNR, AR S B AR

mAccurately predict the short-term and super-short term power for wind and solar power,
the accuracy rate reaches the levels of 90% for short-term and 92% for super short term

%*ﬁy@%ﬁwHWE%%%W@E%N%%%@%H&,@%%ﬁﬁﬁ%%%\ﬁﬁ%%%




NEGL 3 Demonstration Project
STATEGR'D - Operation Experience

B The biggest and controllable solar power , which can be controlled
EINEERARNNRFLECARL, ;
B The first grid-friendly wind farm EIPFIE/HBRMRIFEXBIS ;

B The largest chemical energy storage power station with different types of

betteries R _EHURRARIS KB FEEERY, ;

B The most intelligent renewable demonstration project with multi operation modes

BERETKERS. BOIAAZSHEIMEERRELE.
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i ERERAT 4 Conclusions
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€ ES technologies play a very important role in the safe and stable
operation of power grid, and its application prospect is broad.

€ ES technologies integrating with electricity, heat, gas and other
energies are the future trend for large-scale energy storage
applications.

€ Large-scale ES applications are still facing the issues and challenges
associated with cost, lifetime, safety, etc. The policy supports are
needed.

€ Government, power companies, energy storage suppliers and end
users working together to promote the ES technology applications
and form standards, are effective measures to accelerate the
development and applications of grid-scale ES technologies
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