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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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Overview of the Southern Grid System &g L5

Tibet Autonomous Region

China Southern Powe

State Grid
Corporation

Peak Load (2016) &= fars = 155 GW
Annual Energy (2016) &£ SHB =

=1010 TWh

(~20% of national) 5§ £ E20%

Image source: Menezes et al (2015)
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Installed generation capacity by fuel (2016)
AR
Total installed capacity = 285GW




Method and Data £{7EF01= 7Y

* We simulate the current quota based planned dispatch and market based dispatch in the
Southern Grid system using PLEXOS

FEPLEXOSH 32 37 Fg 77 B, W [X 1 4= B
 Hourly simulation for the whole year £ FE&/)\ i 141

 Reduced form network model (1-node per province) 8 1EAHA—1EAL

* We chose year 2016 — the most recent year for which we had access to the hourly load and
dispatch data

O RAFE ] AR SR N &I F47-2016F AR R4

* Results for the baseline case (quota based dispatch) were calibrated for the 2016 actual numbers

A& B H) FE F12016 58 SERR AR AR X

* We conduct sensitivity analysis around kix uncertainties such as flex b in h dro dispatch,
available transmission capacity etc. ¢ 35180 [B){Z & EE T AR S % %{E Ay 22 Mo



Southern Grid network Fg ¥
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Southern Grid network is represented
in a reduced form (1 node per

province). fEIWRZE | ENEERN—
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Imports / Exports from the
neighboring grids are also modeled.
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Scenarios [ =1IX &

1. Simulated Actual 2016 (Baseline) 2016 E L fFiEHIIE = (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. #k#£2016 £ L fR|E 1T, EABEEAHE5-99%,
AN [EI K K BB AT 2H 99 Be A8 [B) Y & BB, /N B 4

2. Provincial Market (Provincial Market) 2 N 175 =

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, RERARNRUHEITHEE, BEERXSERZKR20165FX
PRIGILAESL, /ERHE95%-99%

3. Southern Grid Market (Regional Market) & M X 1% 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

10



Results Z5 &£



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

FEMXETHHRERKE (GFiET1000{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 35 K& N B 11737
(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 WX 1y, B2/ /X 1 7520 E i m il 1E=



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 2N T 1%
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34

Provincial market and
southern grid markets are
pareto optimal for all
provinces under all
scenarios.
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Market allows plants with lower marginal costs to generate more electricity

AR IRICR, RARAARREIRRE S & /T2

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 avoids

X 15 Ty 57 B (R AR B2 10%,

hydro and renewable curtailment
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Economic dispatch can reduce the power sector carbon emissions by ~ 10%
/I/}I -LHJX/J_&: I\EEI jj /%/Jbﬁz_':ﬁlzjjﬁl()%

Annual CO2 Emissions in Southern Grid (2016)

450 416
400

386 376

350
300
250
200
150
100

CO2 Emissions Million Tons/yr

50

Baseline Provincial Market Regional Market

Scenario 20



How to address the missing money problem ? {{of R RS =
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® Market Revenue
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e Market revenue is enough to cover the production cost and capacity costs
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Sensitivity Analysis
BUXM DT

1. Additional Transmission Investments (Add_Tx)i& INEASMEHEE S
We assume new investments are made in the inter-provincial transmission capacity
and the available transfer capacity increases by 50% of the existing capacity.

Bi&=E 8B I EREE /115 050%

2. Flexible Hydro Dispatch (Flex_Hydro) R J& 7K E§,
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. FE/KBPEEMRE, EFXHDKBALRE
R BB AN/KEE R VA M 25%

These sensitivity cases are run for the Regional Market scenario. 72 Fg W X 18 i 3715 =
Ay ECRE E A FTRUR M AT




Sensitivity Analysis &k’
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By increasing the transmission capacity by 50%,
the wholesale cost would reduce further by ~3%
relative to the regional market scenario. & [ {44
BE /115 N50%, HAAMEX TR XE MG
=R 203.5%

By making the hydro dispatch somewhat flexible
(25% flexibility relative to the baseline dispatch
while following the same monthly energy
budgets), wholesale cost reduces by ~6% relative
to the regional market scenario. ¥E2 17K B8, R &4
25%, BEEABEXNTEMXEmnERRL6%
Flexible hydro also makes coal dispatch flatter &
SR/KEFFEE AR EYE

With flexible hydro as well as additional
transmission investments both - cost to load
reduces by ~10%.1& il & 8] & & € 7150% [ & 7K
BRI ME25% 0] BARR D B ARA10% (ABXST
ENXETRER)



ConclusionsZ5 £

* Transitioning from the uniform power plant dispatch to market based dispatch would lead
to 5|gn|f|cant economic benefits to the southern grid system (20%-35%)1T X1 BZE E| 3%

HR R W X Em R E RE7TaE (20%-35%AY AR T4Y)

* Market operations lead to significant reduction in the curtailment of renewable energy and
hydro resources (from 33 TWh/yr to almost 0) — leading to an overall reduction in the coal

based generatlonEEjJFﬁiﬁkmm/ﬁﬁ‘%ﬁﬂfrﬁ%ﬁﬁﬁ (33TWhE|JLFE2HER)

* As a result, power sector CO2 emissions reduce by ~10%E, /1T 7R > — 4Lk HER A
10%

 Market revenue seems enough to address the missing money problem of generators —

pr%/_clglgd critical financial mechanisms are put in placeT 327Uz o] DAsRAMNE | I9A
=

* Given the current load and generation capacity, enhancing the inter-provincial
transmission capacity leads to minor reductlon in the eIectr|C|t costs flexible hydro

lu - 52 B 71103 K O L
RAEE. KRR SRR A A ¢ B DT R O AT

24




Policy Implications B SR =

* With increasing penetration of RE resources, making the power system more flexible

I;gcg%es crucial [BE T BARBEERE NRAZLEAMES, RILBNRZEREHE

* System operations and markets are found to be some of the cheapest sources of flexibility & %i=

THRH AT U R AR R R A

. Value of a market based flexible system is only gom%to increase with increasing RE penetration

and / or uncertain loads such as EVs o] B4 ge)Rsi W AR ETM S (WEIEE) @%, T
RERAENNEREKR
* Markets can create enough financial headroom in the system to restructure some of the
existing stranded assets or avoid creating new onesT 17 o] | &8 Bh iR R A ZE 38 % 3K 7= o]
o

* QOverinvestment in thermal assets now is only going to make their retirement and thus climate

mitigation more difficult ZARILAEXS KB H—TITER T, BSHERBR L FINEME

e Regional market crucial to accelerate the transition to a carbon neutral power system[X

ﬂZ‘rﬁ%XﬂH RERUBNRFHEFTEEEX
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