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Backgroun

China is currently undergoing power sector reform FEBE N THiHNEIFEHIT

« Change from planning to markets for both electricity pricing and dispatch 11X B 1 Fl & B & @ L5 EM

A

Electricity market transition in China has the potential to further the country’s environmental and economic
aspirations, and accelerate the transition to a clean power system R E R E 1T iH%E [0 o] IAFB B #RINSTEL
e, FINRB N RGEEEN

* Stop excess investment in coal power f#R&E B 15 F 3R o) ]

¢ Reduce curtailment of solar/wind/hydro J& /> F X F EF 7K

* Meet air quality and GHG targets SLIL =S BEH 2 =S A HEW B #5

* Increase efficiency of power system operation I2 58 N R Fi=z 7K

Previous 2 studies on Guangdong power market reform Z BiEVEt X KRB TN ENWINAR LI

» Significant potential gains (21 to 63 billion yuan, 9%-27% reduction in total costs in a base case) from
implementing electricity markets in Guangdong iz ¥ E KULES, 210-630{Z A

« Significant financial risks for coal generators under market scenarios TT 3% 25 B B |5 SR 45 K 0 55 X B

Southern Grid power market reform g W X 15 B, /1 T 37 &1 =

 Real-time wholesale market starts in Guangdong and expand to regional market | ZRiE2 L LIl e iz 3+
AKX E TS



Research questions fiff 23 |o] @
Overarching 5§74 [o] #

 How can the Southern Grid best navigate the of a transition to

electricity markets? Fg /7 B I X B4R fa] Sk 47 AOTE 1 B8 0 T 37 B R BUR 22557 o) &L

* How can regulation and market design support the transition to a cleaner electricity

system? M EH EMNHHRITIET TR N R GEFWL

Specific EL{& o] §
* How significant would the cost savings be from market transition in each province

(economic dispatch and electricity pricing)? B8 7 B M &E 0] IUMEB TN EIKE
ZRBATZA?

* How would a regional market affect different provinces? Xi& iz 3T & &8 A= 0 ?
« How would these benefits distribute among different provinces? I z5 £ &2 W[ BC 7

* How might transmission capacity expansion influence the impacts? ¥ XK=& [8) B /1 &%)
RENIBETRZ R 7
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 Create model of the Southern Grid territory electricity system in PLEXOSZEPLEXOSH &

* Assume convergence to economic (marginal cost-based) dispatch with
cIearlng;grlce for each provmce and then for the whole grid %%

ZEPEZFEN 25T REEABEMX 3Z

* Include transmission and transactions between provinces % & %4

* Examine total cost to load and generation i
at both the grid level and prgvincial level >
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Southern Grid network Fg ¥
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Southern Grid network is represented
in a reduced form (1 node per

province). fEIWRZE | ENEERN—
PR

Imports / Exports from the
neighboring grids are also modeled.
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Southern Grid System Characteristics g W 2 Z 45 41E

Average Average Average Average
Installed Marginal Installed Marginal Installed Marginal Installed Marginal Installed
Capacity 254/ Cost 15351 Capacity 2= Cost J£14 Capacity 2= Cost J£15 Capacity Z& Cost Y£15 Capacity Z£4/] TR Capacity 354/l Cost 15
REMW  [REA  PIBREMW BGEHRA YIBFEMW BFERA TIBEMW BRRA BEMW 9
Yn/MWh Yn/MWh Yn/MWh Yn/MWh

Average

ATEEES Installed Marginal

Marginal Cost

BE MW  AFRAK

ZRYn/MWh Yn/MWh

Coall¥ iR 59,511 236 16,150 239 29,290 245 12,535 247 3,060 243 120.546 239
13,438 488 2,406 925 488 1,481 488 1,580 559 19.830 505
8,862 55 2,172 55 1,300 55 12334 55
14,104 16,630 20,890 60,960 910 113,494
Wind R B8, 2,680 670 3,620 7,370 310 14,650
EIBE 5% ﬁ( 1,560 180 460 2,080 340 4620
otal 2.1t 100,155 168 38,208 115 55,185 119 84,426 25 7,500 132 585 474 114
Peak Load
97,929 25,565 21,836 22,456 4,713 155,231
Demand &
BAhER 562 147 124 141 29 1003

(TWh/yr)



Monthly power coal prices by province in 2016
2016 A T EN AR EMNIE
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Scenarios [ =1IX &

1. Simulated Actual 2016 (Baseline) 2016 E L friEHIE = (BB R)

At the provincial level, fleet level annual energy generation is calibrated (~¥95-99% accuracy) with the actuals in
2016. Within each thermal fleet uniform dispatch rule was implemented to assess the total costs. Current
transmission line limits apply to inter-regional flows. #k3#£2016 L fR|E 1T, EABEEAHE5-99%,
X A EIUER K A2 5 ECAB Rl B9 & BB /)N 28

2. Provincial Market AT IZE=

At the provincial level, imports and exports are calibrated with the 2016 actual (~95-99% accuracy). But within
each province, the power dispatch is optimized for least cost. Current transmission line limits apply to inter-

provincial flows. WA EE T ERNE HH, RERARNRUHEITEE, BEERXSERZR20165FL
PRIGILAESL, /ERHE95%-99%

3. Southern Grid Market (Regional Market) & M X 18 i 1715 5
Entire southern grid system dispatch is optimized for least cost. Current transmission line limits apply to inter-

regional flows. EFE BNBEHTHHNEM L, EvENXETE, BNHEMNIRERAR/NENEE



Substantial savings from provincial and regional markets (Over 100 B/year)

FEMXETHHRERKE (GFiEIZ1000{ZAKH)

Annual Cost to Load in Southern Grid (2016)

Total Southern Grid

334

300- 20% reduction 35% reduction

e Southern Grid gains substantial

economic benefits from provincial
218 electricity market and inter-provincial
transactions (Over 100 Billion
RMB/year) §g M X 33 K& N B 1137
(ZFEENTZEN) MEERXS
IRBEXRAEF G, FFEBI13100012
ARM

200-

Cost to Load Yn Bn/yr

100-

Baseline Provincial Market Regional Market
Scenario

Provincial market and southern grid markets are pareto optimal. X ZNEF M X 1y, B2/ /X 1 7520 E i m il &=



Scenario

Provincial Differences in Potential Cost Savings from Electricity

Market B /] 1 3525

25 o RANE B AR T 29

Annual Cost to Load in Southern Grid (2016)
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Guizhou

Largest benefits from
provincial market to

regional market HA T 1%
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Total Southern Grid
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34

Provincial market and
southern grid markets are
pareto optimal for all
provinces under all
scenarios.
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Baseline 20163L FriEHLIE =
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Market allows plants with lower marginal costs to generate more electricitym

SRR, (RIARRARRIRRE 2 & B/

Annual Generation by Marginal Cost (Southern Grid Total) (2016)
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Economic dispatch alone can reduce the production cost by ~13%
223558 FE R D £913% A9 & B R AR

Annual Production Cost in Southern Grid (2016)
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Regional markets reduce coal generation by over 10% and renewable
curtailment X1E F IR IEER 10%, B/DENFEIHFIK

Annual Generation Stack for Southern Grid Total (2016)
Total Southern Grid
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Economic dispatch alone can reduce the power sector carbon
emissions by ~ 10% 2235518 E R D B 11 R Bk HERL10%

Annual Carbon Emissions in Southern Grid (2016)
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Sensitivity Analysis U4 047

Sensitivity analysis was conducted on the following parameters: £ %14 8€ 71 F17K B R SE M 378U Mo 47

1. Additional Transmission Investments (Add_Tx) & NZNSMEHBE /1
We assume new investments are made in the inter-provincial transmission capacity and the available transfer
capacity increases by 50% of the existing capacity. {FRiX & 86 S {ZHiBE 118 IN50%

2. Flexible Hydro Dispatch (Flex_Hydro) R 5E7K &,

We make the hydro dispatch in all provinces somewhat flexible — hydro power plants can deviate by 25% from
the fixed hydro dispatch. They still have to follow the monthly energy budget constraints. Z& /KB S EE IR
B, BAEREBKBAZHERAT, RIBLFRAEHBILIEINKE REM25%

These sensitivity cases are run for the Regional Market scenario. 72 Fg W X B 37 & = B9 &AL _EH T8 M9 47



Sensitivity Analysis 8% 4
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* By increasing the transmission capacity by 50%,
the overall cost to load would reduce further by
~3.5% relative to the regional market scenario.

Hia L ee 1L IN50%, B AR TR M X

ZiEER13.5%
* By making the hydro dispatch somewhat flexible

(25% flexibility relative to the fixed dispatch while
following the monthly energy budgets), overall
cost reduces by ~6% relative to the regional
market scenario.

SEAN/KE R UG ME25%, SN TR MNXE Mg

ERR 6%

e With flexible hydro as well as additional
transmission investments both - cost to load
reduces by ~10% to 195 billion Yn/yr.

HENNE B4 EE J150% I K 7K B R I 14 25% o] FE AR

B BAAL10% (BN TFENXEmHER)



Conclusions Z51£

* Transitioning from the uniform power plant dispatch to market based dispatch would
lead to significant economic beneflts to the southern grid system as a whole (20%-

35%). T XAREI ARG EMNXETHERE XL TG (20%- 35%E’]}ﬂZZ|K172’J)

. M%Irlr(]e’ijoperatlons Ieafd to 5|gn|f|czﬁnt refluctlog)l%t%e curtallrrE\_erl%tBof re}gkewz;lgle ejrgl_gy
and hydro resources (from 33 TWh to almost iz KIg) MESSy, =Wy
R (33TWhE|JLF T2 IBER)

* Market operations lead to more efficient dispatch of the ther maI fleet and overall

reduction in the production costs (6%-13%). EE,jjT-ﬁiZy@Em§ MLBRIBAE. KL
= R K 6%-13%

* Markets can reduce the CO2 emissions by 10%. BB 137 > — Sk HEALZ10%

e Regional market reduce coal generation by 10% X i& B, /7 /5 378 /> ¥& 88, 4E 72 10%

* Under current demand situation, enhancing the mter-provmual transmission capacity

Iﬁeba%sﬁ%o?)mjlgor rrgglté%{%g a'%ltjbr(ﬁgd?(ﬁg'c'ty costs. BB IVETRIBERT, AT
te

. FIeX|bI hydro gpatch generates more savings thaninhqn\qin$ trgrzg,smismlil ngg_g&uty
MG ER N, SBAKE X 1 kR PR b AR S T 2 (0] f ) B 1 SR I SR A Y

/ZI]]

Y NS TR



Policy recommendations IR &Y.

Step 1: Creating provincial markets £— S EESTSRNE 1T
o to reduce cost to consumers, carbon emissions, and curtailment of renewable
and hydro B/ BB ERA . BHEN. NEZERZEHLZK
o with appropriate financial arrangements to recover the fixed costs of the

generation assets W IT S IEAIIY & FFBURRIUE R IR | B9 E E Al 4

Step 2: Expanding the provincial markets to a regional market 28 —_ S 2B KNE 1
B3 KB XS
o To help integrate higher-level of renewable and hydro resources FEB1jHZH & %5
HY O] B A BE R AN/K R
o To further reduce costs to consumers and carbon emissionsi#— G E{KIE TR ZE
B AR FRRAERT

o To accelerate the transition to a carbon neutral power systemiliE B8 /] %

FhRAL
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Thank You!

Jiang Lin
J lin@Ibl.gov

Nat Simons Presidential Chair in China Energy Policy

Berkeley Tsinghua Joint Research Center on Energy and
Climate Change
China Energy Group
Lawrence Berkeley National Laboratory
Berkeley, CA 94720
http://china.lbl.gov
http://btjrc.Ibl.gov
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