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Abstract: Sustainably increasing clean energies in the power
supply mix is very important to facilitate the environmental
protection and sustainable development of human society.
Considering the requirements of realizing a fully clean energy
power supply in provincial regions, the fundamental concepts
and technical bottlenecks are analyzed, based on which the
pathway of developing technology and market is first investigated.
Then, key technologies and market measures of source-, grid-,
and load-side, and typical electricity composition in Qinghai
power grid are demonstrated by considering the practice in the
past 3 years as an example. Furthermore, suggestions to support
a wider range and a longer period of clean power supply are
provided, offering theoretical guidance and practical reference
for achieving a clean, low-carbon, safe, and efficient energy

supply system.

Keywords: renewable power generation; fully clean power
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Table 1 Installed capacity of Qinghai power grid from 2017 to 2019

F5 2017 2018 2019
BIENEE/GW 25.57 29.92 31.83
TKEBEEHL S EE/% 46.68 39.88 37.50
FeARFEA S EE/% 31.15 34.71 35.17
UM S EE/% 7.51 12.60 15.29

fERERBEGLIL/% 0.07 0.27 0.25
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Table 2 Generation mix of Qinghai power grid from 2017 to 2019

£45 2017 2018 2019
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Fig. 1 Schematic diagram of renewable energy bases of Qinghai power grid and interconnection with Northwest power grid
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Table 3 Key technologies and market measures of 7-day, 9-day, and 15 day clean energy trials
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Fig.2 Typical electricity composition charts of clean energy trials of Qinghai power grid in 3 years
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Table 4 Key statistics of clean energy trials of Qinghai power
grid in 3 years

B a] 201746 A 2018468 2019468
“GRETH” “4rE9R” “&HI15H”
EiEEES At B E/Mh 168 216 360
FKHL AL /% 73.1 76.9 73.5
JeARHE A7 L% 172 15.4 16.2
B MH L /% 22 4.6 8.6
R LG /% 7.5 3.1 1.8
TR A% 92.5 96.9 98.2
STHE/MWh 1178150 1759591 2839 142
H¥HmE/MWh 168307 195510 189276
fufaf
TR AT/ MW 7360 8538 8466
BAHIERZEMW 6128 1087.4 1187.3
%;Séziii;h 66 700 108 739 120 762
i ;;?;g;?ifizf 9529 12 082 8051
R Z B IFE/MW — 4800 3000
HMEEHL/MWh 225884 335149 1139228
WAL TF/MW 2530 46503 6271.9
M2 FTAS H LA T 458

D HifE oA RRIRBIRELF, K. Stk
Pt AT HCRE A A H I e] RORE A LA o FEH3 4R
ke mT UL, KR ENL RS n, B2 kst TOBIRA
HURBE S (HRIRDEREY “8308 7 B R HRHE

DL A BERLPE R AR B, BT RE TR A0 ™ AR K
A BB 10 41 7 i
2) L. ﬁﬁ AL IR N, i r 0BT

AEUE & FEL L 7 LU . 3472 i H S0 1] Ay JRL
SR BEYR & HL A 5 LA £ 19.38% (20174F) . 20%
(20184F). 24.74% (20194F),

3) HTHHEEARARK, HiEHE/M20174.
201 84 1) T A /D3 4 Bk BB g A VG ¥ Pl o Wl 4V O
HLo HM20194F42, WX JEHTRBIREE LA SR IE
B, CHASHUEGERRIEAS AL, HIMER &R
AEVENN, TS RS S T R

4) PHdbEs A AT B i T A XA SR
TR BE R EL B RE S o 34FS% L H S2RRI ], 1Y
HoA A pyfraeiiils s AW, Ri1i4296.2 GWh.

3.4 g

D RGBT EA HAR e Lt T
i 5 A SR AR A AT S 4 TS RO APl . TS
SCEE . NIRRT AL P EOR Y FERRE . RIE
LAVEMA TR B E—, BRI 2, SO
HRE, WFFE A T RE IR A RO B A KB
2% (R PR M5 e ]

2) AT IE3AE “are” asfr B AT L, XK
SOk XML LRy, AN Pk, Bt
AN SR ZN AROE L B SR
RN RGERBITIRE . AR TR PR
A RER A BAU R, DU AT REAE 5 nTRE Hh LAY it
HUAS R RHE S ST 7 5

3) FHESERW], RO IR e HLY
BN VEFIBENLIE, WL B A7 A B2 R
PR NEORR AT T MR TR &, T8 %

e R O — TS — 5 20 0 B K B 2 L e A2
b, PR SMRE AR R S S H4F, KR



Vol. 3 No. 4

2x%. XEEEHRRTEENRKEBESXE—IUSEE M 391

(1) R M O A BB RAZ A Do) 323 M R e 15 X
IRE A T 3 U R L N R B AR, T B4R AE
A5 DX SR AEAS WA v s T 670 £ 0 52 5 M F 5 RN FH
WERS A B, A BER IR BN B (s AR
KR, W RGESHEA . BdETTL . TS
S FRERR T T B KRGS A R T B AR B i 441
Tl L [F S Bl 25 IR B R AR AR 1 TR
KA m it RERE 76 2V 15 BER L ) R G0 G AR vp
TR

4 EPEA R TGERT, “4i7H” “4k
HOH” FI “SRH1SH” JFRE T 2 LAE it &7
TR RIE PR IR A TR o AR T AN
P, R RELBITRCENE S, FTERAMS
FFP RGP R 2R LR T M A Y
L, LIS H B FF g W R IR T L -

5) 3AFELRALSLERIIN], 4N K R/ R H 2
KB BARIE/N, UL T4 R o K LA 5 A
AR R E RSB v AT S — ik,
L I RS 2 47 Hh Ry AR ke r AT A ) S e o7 S
H, ) DABRHE R TEMEE Y RS o

6) HTF/KH & HIE40%, HIFSEmILRHEmM,
T U L H RTASR AR AN 2, R ) R BT
JRa s X I o AR Bt 2 T v B A P H R A XU
HAREEN, Wk i RGERRE BT . X2
HoAth g BRI 5 LA (XU A B B X3 4 T
AE R AL H B DG 9 b ). R RIFSY R, Rl
W Ok e R G HE TR, BTREVR & LR
HABARRIEZHM. YR8 & TRl 4R
S ARBR R AR 5158, TR 2 ¥ R 508
EBATHEA . R .

7) HIG T IS AR A 3 A Fe H SF KN IF
&, HAZET CRERLZRLZERIKED FAKBAZR, MW
DK LALLM TR AL, L & H o AR 8 R R
V1%ZE A7, KA AE S0 ) F e A R I AR i
THEM. RoRESI AT T E AR, ©BF
G4 1R AN DI RE VR AR R, AR SRR AR R St
[EESEZ iR

8) T IFAE20 1947 )3 sh LB e W A2 v Al Ry 11
e, VAR A SR T R S
5o M X PGSl BB G RO, Iz & T
GIBURI A R EAR it 3 BN [R) M 2 A7 8 ()it e
AT R TGRS IR 0T DMIRARAS . SR, s bhilt
AR it 2 Geth R A rf, s ATl v B IR At

M —AEZETE, & EE— PR L A
e AL BRI B o B R DR

9) B TS BUARIN R R Y RE - AR D BESD, 42
TR AL O S RE R S e it T 2 I 5
fan, i R LA e ) RGERIEE. JE R
K, RERERGEAT LIRSS U GRS AATT I sl v
G e R R FAILIIRE, 3 Al LAME Sk = 5 HL R R
SR L S R AR TR T B L P AL HE R i S04
RS B PEHBIX,  IEAEBTSEN HIGW Ak AE S Bh 32
P SRR R AR 2 I AT

4 HigERE

UTAERE, TR RE IR AT Rk S R NN A A
eI R, A0 [ SR DR 4 T RE TR AL F A
DX RERA R F 2 . 7R R, A SCHIZESEE
DBk AT T BRI A M H AR, 4RIE T2 &
Tr BT T AR IR AL i AR S, T T A
T T REVRU AL A G 9y v g Pl A L 2 AR s T LA
R 5 SCPERR T AT T AR R, TR R
fiff LK T 555 AR 2 BE AR T i DX Il i i R R4
LAY A SR BR A . TEULSERN 1, AT A 1 W L R
SAFETT R 43 11 AE TR AL FL S5 I T SR IBUA) 2 AR it 1
THISEPR B, i 1T iR AR R — 22 R 2TE
it PR P A 2 Y ) A R

T 1 2 17 5 o ) A 2 2 4 o W RV 07 B 1R A
Mo, BAKHOETE, K K JEEAMY A T L
W, ELE3EN “HRHTH” “LRHE9H 7 R “4RHLS
H 7 B SEB B AR B 5 M HE Bl i S T AR B L 242
AR RE IR SR R P2 T “ A", XHRER P
Il RE TR A 2 i AT LA R R R

S Uk

(1] XRIE. ARAEE DKM M]. dbat: ThE g i EL, 2015,
LIU Zhenya. Global energy interconnection[M]. Beijing: China
Electric Power Press, 2015.

[2] B, b AT RRAR BRI A SR X 1A A BR AR YR ELEE I 114 i3

N[, EEREEVE IR, 2018, 1(1): 1-9.
HUANG Qili. Insights from China renewable energy
development for global energy interconnection[J]. Journal of
Global Energy Interconnection, 2018, 1(1): 1-9(in Chinese).

[3] HUANG A Q, CROW M L, HEYDT G T, et al. The



392

ES2T2

IR ELER K

$3% e

(4]

(3]

(6]

(7]

(8]

(9]

future renewable electric energy delivery and management
(FREEDM) system: the energy Internet[J]. Proceedings of the
IEEE, 2011, 99(1): 133-148.

Wrlg, Wi, TSR, S5 MEE100% ] FEA AR H
NERGARVEE RRET]. hEBRILT RS, 2020, 40(6):
1843-1855.

WEN Yunfeng, YANG Weifeng, WANG Ronghua, et al.
Review and prospect of toward 100% renewable energy power
systems[J]. Proceedings of the CSEE, 2020,40(6):1843-1855(in
Chinese).

FHRA, ERT, KT, S WAL S AR
WF9E Ko FHI[T). HiERHE, 2018, 25(4): 10-15.

A&, R, XK, SF BRI RELE R
FIVEAL D] BT TR O RE, 2019, 21(5): 41-45.

ZHOU Lei, LI Nan, LIU Fei, et al. Assessment of the power
supply potential of fully clean energy for provincial power
systems[J]. Power Demand Side Management, 2019, 21(5): 41-
45(in Chinese).

YANG W, PESTANA R, ESTEVES J, et al. Analysis and
inspiration of the national load all powered by renewable
energy in Portugal[C]//2019 1EEE Innovative Smart Grid
Technologies - Asia (ISGT Asia), Chengdu, China, 21-24 May
2019: 1650-1654.

DE CHALENDAR J A, BENSON S M. Why 100% renewable
energy is not enough[J]. Joule, 2019, 3(6): 1389-1393.

R, BIEAL SKE, S A AT RRR LB T
AR S B FA/OL). HhE H 7, 2020 [2020-05-06]. http:/kns.
cnki.net/kems/detail/11.3265.TM.20200421.1452.002.html.

[10] KROPOSKI B, JOHNSON B, ZHANG Y C, et al. Achieving a
100% renewable grid: operating electric power systems with
extremely high levels of variable renewable energy[J]. IEEE
Power and Energy Magazine, 2017, 15(2): 61-73.

YimHEA: 2020-05-07; fEEIHHE: 2020-06-20,
EB® T

Tk (1981), %, MEHREA,
IR T @ AR E A ZARAEE
4], E-mail: 53484350@qq.com.

Fatfe (1983), %, MEHE
A, ARG @AFRRE D ZRAEARL
5324, E-mail: lyhe0416@163.coms

% (1977, B, W+, alx
#, RFT QAR E A RGP
524, E-mail: Ifeng@tsinghua.edu.cn,

MR E (1984), %, W, al#dz, MRs @b
BeR B A% 5454, E-mail: chenlaijun@tsinghua.
edu.cn.

wEE (1985), #, W, @I, AT aHH
BB A RAH M5 44, E-mail: wei-wei04@mails.
tsinghua.edu.cn.

HAEAR (1964), %, ¥+, #ix, HE4EFF,
R T @AFRBE S RA>H S HEH ., @5,

E-mail: meishengwei@tsinghua.edu.cn.

(wiEmiE  F4)



