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wfEEERF{EMA Energy Storage System Function @
={EFREEIRZEB , MEE. ABHEERBEAEEE. AREENFES. MEEREUSMEERHITEIE |
FE(EHEE : Among all renewable energies, wind and solar is known for their
intermittence and instability. Combine the energy storage equipment and renewable
energy, which:
1) IREFTRIEH | HAOFEREFEILZHBEWENE Track power generation, and mitigate the
negative effect to power plant when wind or solar power generation is limited

B iEEER R IRIEFTTEBEED , RIEMMMNEB PR FITFEEFERFLIEK |, (EFhEEIFIRAZRIEEE
RFHTTER , RIRRAEMHEERRNE , ROFNFHIILBEIFIE, Fast charge and
discharge in the energy storage systems realize the quick response in the municipal grid.
Energy storage system starts to charge when renewable energy is off, and vice versa,
which mitigate the negative effect to power plant.
)it FEheEREBusH ] , FHPKEE Optimize renewable energy power plant and suppress
fluctuation

B iEEERFIREFENE , SEMANZRNSAEAT , MOIMNRREIFREEFRLBRARN , SEIFEE
EBROAEN |, RAOXEBERApE,. Through the rapid charge and discharge in energy storage
system , to achieve high-power dynamic adjustment, reduce the impact on the renewable
energy system caused by external conditions, to achieve the controllability of the
renewable energy power, and reduce the impact onto the power grid.
3 ) BRI FEHREBIRIE Reliable power supply of the microgrid system

FA. MEFHEERKBRETBISHERRES | JAEEERETTBEEXAHERE,

Renewable energy units like PV and wind combining with the energy storage systems can
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n fEEERARIRN 2B Applications of Energy storage
@ HKAERE Pumped energy storage

technique

( YIIRfERE
Physical energy
storage

A

“KECHEBE Flywheel energy storage

- [EaE=SfERE Compressed air
energy storage

Gl ETREEIE Lead IR ER it Sodium

fERERAR
Energy Storage 4
technique

carbon batter sulfur batter

BICFESE I BEREER ) SRR

Li-iron phosphate Vanadium redox
battery battery

=JTEEith
ternary battery
. s =N 2N .
\ ER R fERE HSHERE Superconducting energy

Electromagnetic 3 SUOIELSS

energy storage BB 88 Super capacitor

Electrochemical
energy storage




Energy Storage System: Function & Type

YITRAERE Physical energy storage

HKAERE | TEREMBRHIKCRARHRET | H5iRE L TivKkEE | EBADGEIESRT , SEithE TKEERIZKIME]_EiiKEE | ISBEeEiREEE
EHBFEIER , B8 LiiKERKEERN , IRaIKISNALE , 1§5EeEI%AMBE. Pumped energy storage: meeting the

geological and hydrological conditions, set up upstream and downstream reservoirs respectively, when the power load in the
valley, draw the downstream reservoir water up to the upstream reservoir, and convert the electrical energy into potential
energy; when in the peak time, release the water in the upstream reservoir and drive turbine, converting the potential energy
into electricity.

i . BRILLIRRAARKX B EMEERA , (RS , (ERFEGIK | EIREER70%0 L ;

Advantages: mature large-capacity energy storage technology, low cost, long life, conversion efficiency>70%

R - SRS B2 T RHRIK.

Disadvantages: subject to geographical constraints and longer construction time.
EaR=SAEEE | EBAOAEERSE , FIRBEREESEREFTHSZERS | FHBEIEN , SESSMMESERHANRSISHERRE—ER
REIEN RN el ZBimtBEE. Compressed air energy storage: When the power load is low, use electricity to compress the
air and store in the air storage chamber; when in peak time, high pressure air from the storage chamber enter the turbine,
combusting with fuel and drive the turbine to drive generator to generate power

K= : AISCIRENIRGEEE | ERRAFRIEERME , [ERSHK

Advantages: large scale energy storage achievable, low constructional and operatiionalcosts, long service life

RS REASFEMSEE  @eIMFUHEIR | TBIEERERE | WFE—8260%,

Disadvantages: need large-capacity air storage device, construction-site conditions limited, charge and discharge process
rely on fuel, efficiency around 60%
KiehiEeE : FUFRMREIREIER NG CIERIEIE EiERE , SRR , SiERAEEAY CIRHE FIFREE

¥ B LBIAALBINEEISTIaEER OB EERELY . SCIMALEBINEE. Flywheel energy storage: use electricity to drive motor

and flywheel to high speed to store energy, when in the need of discharge, slow down the rotor and convert the kinetic energy
to electricity, and discharge.

52 MRS, MATZERER (WRE. HER) |, BETEIKIEET , ER3ERR(E . Features: high requirements on the

fEEe RS ER R R T
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Energy Storage System: Function & Type

A FRAERERF R
Renewable energy
grid connection

FBFM
ozl +fERE
User side
Distributed +
Energy Storage

BB I RS E
Supported by

Microgrid system

IRERIHRIE S Track power generation

BRI |, ROXTEE R BT smooth
output, Reduce the impact on the
power grid

XEAAIEE W R Feststb T Regional
microgrid system in situ balance

oI IR Improve the
istributed power supply local consumption

RENHMINAZEL  SEHERERE Stable distributed
system output, improve power quality

REAFPHERSEY , [FHEAFFEBMAA Improve the
reliability of user power supply, reduce the cost of
electricity users

RIEHMEBNRFISE. FEefitEEProtection of micro-grid
system stability, continuous power supply

KESMUEERE %FEImprove the distributed energy
output characteristics




A Cost
(76 1 kwh)

TR E
(DOD%)

T T5 A
life cycle
(X times)
P CER Y ES
Eff. Of charge &
discharge

RGNH

System advantage

R85, System
disadvantage

950~1200

60%~70%

3600~4200

81%

PR E R =,

MR, e T
mature tech., lower
cost, more stable

SR HEE R, fEE
BARCR M

= AR
{i% low Charge &
discharge rate, low
energy density, low
overall efficiency

2000~2350

90%

24500

85%

P <= ===
IR

REE T, hRE
e, el
Higher Energy
density & power
density, safer

H Ao ks s, e
current price high,
there is bottleneck
of the energy
density

2600

95%

6000~
10000

92%

REEHE. DREES
RGBT RS
[E]Higher Energy density
& power density, system
eff. to be better

7 qa oy i
RFIGIE security to be
verified

3000~4000

BT approx.

100%

2500~
4000

95%

T N
currently
tech not
mature in
China

3500

100%

12000

75%

i AEmK, ik
% ELong service
life and high
conversion
efficiency

REE % AR,
T ELR 5 Low
energy density,
high requirements
on environment
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Storage Grid Connected System & Case

s KBEMHEEBINEIEEGER S Energy storage system for large scale power
plant
1) HESHIVEIR +EEEXINBIRHEBMRS | (REDHBIESAEHMIGTEE , B
WREADFEFEK ; Distributed power supply + energy storage microgrid
system to promote the balance of distributed power and load, and reduce
the system capacity requirements

2) B E—ESEMERSR , JLEEMmXEERRERT , BSRAARE
iffFEhgEeRAHR , ESENRIEBIRIZEBRM,. Through the allocation of a
certain capacity of the energy storage system, the excess PV power can be
stored in the case that the grid transmission channel is limited, and
returned to the grid at proper time

3) fEHEERARB NEE—ESRMEERS  ILMKCHEER hHhH% | IS
geE. WMOWRFNMHE ; Install a certain amount of energy storage system
in the renewable energy power plant, and the plant output curve can be
optimized, power quality can be improved, and the impact can be reduced
to the system.
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Storage Grid Connected System & Case

EEHE100MWE{Ai#EEIR B —F B thip 2> 3J 68 plip

100MW PV Storage Project in Pakistan - Smooth Output Reduces Impact onto Power Grid

,,,,, o BAREE *
% SOMYA % SOM WA

25W/60MWhﬁ%ﬁé,%éﬁ- 5

%?ffgupiw I\;IVI VVIGIASRYL T ovivi v]gé%Mg/g)%w h{%ﬁﬁé%ga_'l ZOMWhﬁsﬁﬁﬁiﬁﬁﬁﬂfﬂ_’, ) System: 100MW
PV + 50MW energy storage system (120MWh Li-iron phosphate battery)

{EA : (ERERANNAEXARREIRELNERES | AIEGERABIRERHEENYENTLLEE
EPASTIEER , KKXER 7 SBRIHEBESD , RESMWBRAIEEM. Function: energy
storage system makes the PV system a stable output system, and it provides support to
the grid by fast adjustment when necessary, which greatly eases local pressure of the
grid and improves the stability.

ERIEEBMNEER AR FERK  SEEEMGEETTSE. Difficulty: allocates the energy
storage unit capacity bv the balance needs of qgrid and load
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Storage Grid Connected System & Case
SEES T BERERERE M I E— A ARt & Renewable energy

microgrid demonstration project - local load balance (Er Lian Hao Te)

Pl / \ m
|/ \/

o

RGARK : 37T0MWRIEB RS + S0OMWHRAR R G + SOMW R AR + 24M W EIPE S
EZHZ+TOMWEEER R (ELEHESOMWh 2K EtE ) System: 370MW wind +
50MW PV + 50MW CSP + 24MW solid brick thermal storage system +
T10MW energy storage system (80MWh redox flow battery)

{EA : BUERRRRETHBFYE | BEXEMBRREHGERLENDSRAFRIES |
FERXEFHBNRASEMNEBE  BERFRIEFK, Function: Through the fast
charge and discharge in energy storage system, the balance of new energy
output and load of the regional microgrid can be met, while the regional
micro-grid system is connected to the grid to meet the system peak load.
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Storage Grid Connected System & Case

» SHILEE+EEEZRS Distributed power supply + energy storage system

1) BMERHANARRE LMBINZETIELANRMEERFNPIFE , B H + EEERFLM
SHNBELEHMIENEEBRFEF N , ARNTIBEERERASX "WmERI" IS ,
SIEFIHEMBERM , IReZRFANE. With the distributed PV grid prices and the
energy storage system cost decreasing every year, there is good economic benefit
to build the distributed + energy storage system to achieve all the local power
consumption, and because the energy storage system charges and discharges
twice every day, the step tariff, if well employed, can increase the system benefit.
2) B S EERRIZH HHINBE + EEERFEFBRLE , BIMNEESRFEMEN B HU R IR
HASSZm |, RSB HBEEHRE,. Achieving smooth output from the distributed power
supply + energy storage system by the energy management system, reducing the
impact to the distributed power output from the external weather conditions and
improving the quality of power supply.

3) BTV AIR + EEERFHEMF BB RS , SBMNEIERT , BEtREMILETIR
3\ , RISEEREESHE/EFAMERENE RV EERITERIEEMEIE (UPS ) BIE
. When the grid breaks down, the microgrid system that is composed of the
distributed power supply + energy storage system automatically switches to
stand-alone mode, which maintains continuous power supply or uses energy
storage system to replace the UPS in the original design.



Storage Grid Connected System & Case

BB MR SR Energy

FEhESRE sERFBMRE PV-Diesel-BESS microgrid system

REAER : SMWHIARS +31M.5MW/3MWhRIGERER S + Sl A HBH14E
System: 3MW PV system + 3 1.5MW / 3MWh energy storage system +

diesel generator set

fERERFIER : IEREX "M ARINiRT , EREEERMTH , IREBMNN
B , ARG SN ARBRRENALDSIEDR/BIEEMERIR—ENETE , THIEM
ERBYE ; iERERFETULMCERIUPSRIGHEZINBRFIESHAB. Function of
energy storage system: by the daily "two charge and two put " design,
charge during night when the price is at the lowest and discharge at peak
time; Enerqgy storage system supply continuous electricity and replace UPS.
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Storage Grid Connected System & Case

ItFiNEER

‘(\ X v\

RGHERE : 321TkWHR R G + 500kWhiBEBthfigEER S System: 321kW PV system +
500kWh Li battery energy storage system

RERERFER : P RIESERFAE0.38kVEECER |, Tli@Eid RiEH &S AR MR
iz17 , WAHEAERISITIRE , BFSBREIEE , BaltfEMILETEL |, (RISEER
fAESEHE, Function of energy storage system: distributed power supply and
energy storage system join on the 0.38kV bus, and they can be connected to grid
via fast switching device, and can also be switched to off-grid status, when grid
breaks down, it automatically switches to stand-alone mode, to maintain

. ma® P T R P N |




FeEMERERRZEFIEnergy Storage

Microgrid Connected System & Case

o WRBEAIEEERMREFEnergy storage microgrid system for AC
bus
¥R : PHIVABETTEHEISATE. MEeRxicBiEaEsERPCS , FME
TCERARBENICE | R—RAFERMHEBIRESE. Features: the inverter
for the distributed power block, the inverter PCS for the energy
storage unit, and all units joining on the AC bus side, supplying

ower to the ¢ o
p Grﬁi?i = E. S =
| IIEWIH

Rt

AC bus rﬂ %

 mmm

iggERS FHRERBRSR PV system

Energy storage system




Microgrid Connected System & Case

RinDiEiRiT 20 --mErazl B RCRMEMM R EIRE
Design of AC Busbar Connection - Case Study, Qlcheng

County, Tibet
iSRS EAltitude 4800m

FeEMERRRZEFIEnergy Storage

Zaeat : 441TkWHKLZBERS + 60kWKJIH1AH +1.2MWhinE S H;thiE
+300kWhiEE;thH + 1 B HSE M4 Bl Various-energy combination:
441kW PV+ 60kW wind + 1.2MWh lead-acid battery pack + 300kWh
lithium battery pack +1 standby diesel generator

SHIVRIRMREGEERFRA0.38KVEBLILE , BAEE10kV , SiGE1B/KBIEH
MIZE1T , IRSHEBRISEY | HETERZKEIEMIETT | (RISIEEIE ERRAARIHE
Distributed power supply and energy storage system using 0.38kV bus
collection, and then increasing to 10kV, connect to the hydropower grid
in Cuogin County, which improves the reliability of power supply, and
runs in the dry season off-grid to ensure the power supply to important
loads in CuoQin county.
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Microgrid Connected System & Case
RinB&EELT R --E8EEMMGZS BYMHHMR BRI BkEE4200m

AC bus wiring design case - Yushu County, Qinghai Province, Zhiduo County,
light storage network demonstration power station, altitude: 4200m

acid battery

- FRARBRFASMHERARA10KVEBLEILER , F—hdbSIStKBITRHRIZETT |,
RSB AENE , HUERKEERETT , RIEaSEEEZAREYME, PV
system and energy storage system joining on 10kV bus, connect to local
hydro-grid, which improves the reliability of power supply, and enables
the system to operate during the dry season, ensuring the power supply
to the important loads in multiple counties.
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Microgrid Connected System & Case

BaBEIMEENMERES Energy storage microgrid system of
mixed bus

152 (g BEIEFIRS S HERERERMNAN , BR—HEESREEH
i B iR MR G R EE,EI{I,%JE Features: The energy storage unit

the grid, and then su%%% AC outtllgoﬁ to the ‘-_..,‘

rCon
//2

/ / Z " s i A 9
H B SO

%aéé'éaf%ﬁ ﬁfﬁ

PV array

fiERER It
Battery
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Microgrid Connected System & Case
i a BS%EEISTREM--F8a EMMKCEHHMABRBIRE Mixed bus
wiring design case - Qinghai Yushu aqua-solar microgrid
demonstration project
8k Altitude 3980m

2MW3ERERES+15.2MWhEEitis8 2MW PV+ 15.2MWh battery pack

FALBETRBETREERMXNEZEMHETE , HAHBEMABAR —HEE3I5KVE
I\ ERRE M1t kB ik E#METT. PV charges battery on the DC side via charger
controller, PV as well as the battery pack boost to 35kV and connect to grid and
local hydropower plant.

FEISEEH ERHEX IR 3.8/ ITEEARI2MWE (3R |, XIERE L heE (LB ED AR ISR
EHMIRESITRIIEE(ER. The plant can provide stable electricity of 2MW for
3.8 hours, playing an important role in relieving local pressure of power supply
and stabilizing the grid operation.



Microgrid Connected System & Case

FeEMERRRZEFIEnergy Storage

it 0 B iR 0] - - b ORISR ER—ME B T2 Mixed
bus wiring design case - Integration of Solar and Thermal Storage
project, Hebei Electric Power Science and Technology Park

Iwm SR AC 4000
Main Microgr

iiﬁﬁi.

EiRFHM DCsub- ' ' RiRFHM -

microgrid AC sub-microgrid

(1)150kW SR EBE T PV power
block

(2) 250kWh fi#gEERTT storage unit

(3) 50kWx10s BUBREBE
Supercapacitor

(4)HEFEHRIRE S geo-thermal pump
system

EgNARHE, fifge, MRERR—EW
BN , SEIR & R X A] B AEREIRRISR
A#If. Construction of PV, energy
storage and geo-thermal pump
microgrid, achieve comprehensive
utilization of renewable energy.
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Microgrid Connected System & Case

o BRI E-- AR aX BARFIEIIEIR RESCAEEER B YL
Mixed bus wiring design case - Megawatt-class PV storage
demonstration power plant in the Natural Science Museum, Tibet

PO
mw Vg ¥
uv 1/
' 7T

TMWHAK +1 MWhﬁﬁE.,ﬂ_’.gﬂ 1MW PV + TMWh battery pack

800kWHEIAENEMIEREDSZ , 200kWHATISHEELINR B RSB ERYERENEE

SHRBRF. THIERTEEAR , THRER FHEIEYIENSIRRIBR M EYIERFREE
i, 800kW PV access to the museum low-voltage bus, 200kW PV and battery as

well as self-synchronous voltage source inverter constructs the self-synchronous
power generation system, directly connecting to the municipal grid, and provide
power to the museum loads in the museum in the case of off-grid.

FIIENETHYEBDRSINSIEYE | XHEMIENBMAZREEHFE | MiABMAYEIS
E—EREE LEMBDHPMEIRAIBME,. This project improves the rationality of the
electric power structure of the museum, provides effective supplement to the
small grid of the museum, and the micro-grid ease the power supply situation to a

ravEain aviant
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StorageSystem & Case

> EBfiERAe3Ef) Electrical thermal storage

FEARARABRIEEERA , MAFHESH , fﬁ*"ﬁ%mﬂﬁﬁﬁlﬂﬁi’éﬂ’:‘l%
BEEkREVES S , BTERINARISEEERINARSEER  SIRERISHSE
BIBGTEIA K , MUFEKES |, #ITHEE, FEHIRCERER T IERBIAHE
1= |, RTINS S HENERL A, Electrical thermal storage system uses

molten salt storage technology, applied in heat supply. Molten salt
storage uses the abandoned wind and solar energy, by heating up the
low-temp salt to high-temp salt via molten salt heater. The high-temp
salt passes heat to the circulating hot water and generates steam. This
process avoids traditional boiler and reduces pollution and the heating
cost.

FRERRE hiR(CEFFatiEataaHIERE

Case: Electrical thermal storage, molten salt heating project, ZhongTou YiXing
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VIIRGERE R AR B2 Physical Energy Storage

> FBfigR ke 32l Electrical storage and case

FERRFERAEPHEREAR , NAFHERHE , EFUSKEMNESREIENERRDLBIFNEBIIE , BaiEHRS
HEREHX , SEBMAREREZRSLE , SEBLRIFISHEEEEAAREE  ARNESREREAHIN , SEREHRE
ASEREAZENZER L IRRE S MRS ERERE DA F R BRIERLRE , BalzEHRATSEFX | El_ EBW.M:JH
B, SERLRPELTE. SERESRFEIRNLIETRSHIRMNERERE , BEEDIERKNEE , SRRZIRRE
R E S TR B S DB AR KD, RIRDETHAINAE . FIHR , IIERARAR SR FRAR

7. The thermal storage system adopts solid heat storage technology, which is used in heat supply. In the
preset grid peak adjusting period or the wind power generation period , the automatic control system is
connected with high-volt switch, the high voltage grid supplies the high voltage heater, The high-voltage
heating element converts the electrical energy into thermal energy and is continuously absorbed by the high-
temp heat accumulator. When the temperature of the high-temp heat accumulator reaches the upper limit of
the set temperature or the grid trough ends or the period of abandoned wind power ends, the automatic
control system cuts off the high-volt switch, high-voltage grid stops the power supply, and the high-voltage
heating element stops working. The high-temp heating accumulator connects the high-temp heat exchanger
via the heat-output controller by adjustlng the frequency of the variable- frequency blower, the high-temp
heat exchanger relgasas pant ~tang-l i~ theghigh-temp accur~'~#~» int~ tha ~ivoladiag water continuously

within 24 hours. | ased to meet 1/\supply network

under the extreme release functi
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> EIRTSiEEE Energy storage of Compressed air

ERZSEERATENATABLH | EREESMHERETRSEISEARIREN— SRR, T
BElY | ERESMERRFEARMEEES ERAFTHSED  ER6H  SESSMES Z8, E#A
RRIGE=FIFBREINRINAAERR | IK shiEFEALB, HI M, BESHNIE , EE6ed 1B , HishE%
HLEFEEEAYELD , Bt , 18 LbFHSERERHENRSENRSR , ERESHHEE RRULIZFE 2 S8
FEZNEH. EEES HEEEERTFARERESR (100 MW ELALE) . fiF aaﬂﬁﬂxzﬂﬁﬂ RIS,
ERKEMS ; (B GENARESE, HAMRELKIRZEE, Compressed air energy storage
technology is mainly used in electricity generation, compressed air storage is an energy
storage system based on gas turbine technology. During the energy storage, the compressed
air energy storage system compresses air and stores it in gas chamber using electricity. When
releasing the energy, the air of high pressure is released from the gas storage chamber and
enters the combustion chamber getting heated up by the fuel combustion. Because there is
no power consumed by the compressor, the compressed air energy storage generates 2 times
or more electricity than the gas turbine system. Therefore, compressed air energy storage is
applicable to large.system.(100MW gr.above). unlimited enerav storaae cycle, low system

cost and long Ii]c “Howevier, for, big-air storag on large storage
rooms and fossit-fuel B s el e pe el
alr exhumnst

StorageSystem & Case

motor/generator \ II!I waste heae
I ey L
=TH —

/ xhaust
compressed
air combustmn
fue

chamber
vessel
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StorageSystem & Case

> EhEFHAX SHRB I MmIleERusIaE CCHP distributed

energy plant in city economic development zone

1x6.63MW ¥MSieAHBINE+1x15t/h FHEEIR+1x15t/h KIRSRSIRIP 1x6.63MW Gas Turbine
Generator units+ 1 x 15t / h Waste Heat Boiler + 1 x 15t / h Natural Gas Boiler

FIEENEDRFETIERM 715t/h (1.6MPa, 201°C) TIRSHG#E6.63MWRIRHRKR. This
project provides 15t / h (1.6MPa, 201 °C) industrial steam load and 6.63MW electricity load

to Songzi Chengdong Industrial Park.
BEIRUAA LR R 7 RAVRAREERE | R T ZSKS | REIERD T SRIRIHEM. Power stations

not only meet the needs of the enterprise heat load, but also reduce the steam cost as well as
the emissions of pollutants.
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B4, MRAZZL , BISSNUER. EHTHHEEIE.

1=kl

Above is the summary of our experience in the
PV plant design work , please point anything
out that may need further discussion.

- BAiIBREFHIBEESFANARGTEERNZENS

(Bt | i

i} ! We are also looking forward to

the cooperation and knowhow exchange with
you, thank you!

iibgEE TSR T BRAE

HeBei Energy Engineering Design Co., Ltd.




