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China's wind integration challenges

Several causes of curtailment (Zhao et al. 2012; Fredrich Kahrl, J. H. Williams,
and Hu 2013; NEA 2016)
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Power system primer
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Renewable energy complications — Engineering

Investment mismatch (Xie et al. 2011)
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Renewable energy complications — Engineering

Investment mismatch (Xie et al. 2011)
@ Transmission infrastructure: suboptimal location or too few lines

@ Other generation capacity: unable to balance variable renewables

Scheduling (Holttinen et al. 2011)
@ Reserve requirements (backup generation) may increase
@ New forecasting systems to build and integrate
@ More frequent scheduling / rescheduling of conventional generators

(e.g. coal)
Additional impacts on frequency and voltage balancing
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Indicative Daily Load Profile With Wind
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Renewable energy complications — Political

Who gets and pays for what? (Fischlein et al. 2013; M. Davidson, F. Kahrl, and
Karplus 2016)
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Who gets and pays for what? (Fischlein et al. 2013; M. Davidson, F. Kahrl, and
Karplus 2016)

o Existing generators get smaller market share
o New trade flows between provinces/states/countries

@ Who pays for new investments and scheduling services

Who makes decisions?

o Additional services and investments bring in new actors

@ Need for coordination shifts decision-making power (e.g. setting
conventional generation schedules)
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Backdrop of market restructuring = “deregulation”
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e Traditional vertically-integrated utilities (govt-owned or exclusive
franchise) — Competition in some segments (typically, generation
and retail)

@ “Standard liberalization prescription” (Hunt 2002; Joskow 2008)

Reduce conflicts of interest in new institutions
Create proper incentive regulation for monopolies
High degree of integration between operations and markets
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Market functioning: Matching supply and demand
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substation) and time (minutes to hour) — Locational Marginal Price
(LMP) (Schweppe et al. 1988)
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Locational signals (PJM 5-minute prices)
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Time signals (Germany generation profile: June 19-26,
2017)
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Time signals (Germany prices: June 19-26, 2017)
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Does market restructuring work?

Countries frequently diverge from “textbook” (J. Williams and Ghanadan
2006)
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@ Much work focuses on prices and costs (Jamasb 2006; Zhang, Parker,
and Kirkpatrick 2008)

@ Or disbenefits from abuses of market power (Borenstein, Bushnell, and
Wolak 2002)

@ In Europe, regional market and renewable energy integration of
growing interest (Aravena and Papavasiliou 2017; Neuhoff, Wolter, and
Schwenen 2016)

o Still, little work on renewable energy implications, especially in
non-standard markets
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China’s electricity sector reforms

Davidson, Michael R. and I. J. Pérez-Arriaga (2017). Modeling Unit Commitment
in Political Context: Case of China’s Partially Restructured Electricity Sector. MIT
CEEPR Working Paper. Available at: www.mdavidson.org.

“Partial” restructuring blending market and central planning elements
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Davidson, Michael R. and I. J. Pérez-Arriaga (2017). Modeling Unit Commitment
in Political Context: Case of China’s Partially Restructured Electricity Sector. MIT
CEEPR Working Paper. Available at: www.mdavidson.org.

“Partial” restructuring blending market and central planning elements

@ Former government ministry disbanded in 1998, unbundled in 2002

@ Restructuring process incomplete (Andrews-Speed 2013):
Legacy quota allocation and price-setting institutions retained/modified
Heavily dominated by state-owned enterprises (SOEs) w/weak profit motives

Strong local government protectionism
Insufficient regulatory oversight

New round of reforms (State Council 2015)
@ Slowly reduce planned electricity sales

@ Address renewable energy integration challenges

Davidson - China Renewable Integration China Case 18 / 40


www.mdavidson.org

China’s electricity sector reforms

Davidson, Michael R. and I. J. Pérez-Arriaga (2017). Modeling Unit Commitment
in Political Context: Case of China’s Partially Restructured Electricity Sector. MIT
CEEPR Working Paper. Available at: www.mdavidson.org.

“Partial” restructuring blending market and central planning elements

@ Former government ministry disbanded in 1998, unbundled in 2002

@ Restructuring process incomplete (Andrews-Speed 2013):
Legacy quota allocation and price-setting institutions retained/modified
Heavily dominated by state-owned enterprises (SOEs) w/weak profit motives

Strong local government protectionism
Insufficient regulatory oversight

New round of reforms (State Council 2015)
@ Slowly reduce planned electricity sales
@ Address renewable energy integration challenges
@ Reduce role of grid company
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Regulatory realities in China

@ 70 interviews conducted 2013-2016 in 10 provinces of China: grid
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Regulatory realities in China

@ 70 interviews conducted 2013-2016 in 10 provinces of China: grid
operators, plant managers, regulators

@ Quotas for coal plants still widely practiced at provincial level, despite
various “priority dispatch” requirements

@ Inter-provincial transmission allocation commonly fixed for the year,
limited flexibility / integration with day-ahead and intra-day network
conditions

o Widespread physical bilateral contract markets without short-term /
imbalance market

@ Market experiments overseen and, in some cases, directed by local
governments
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Modeling wind curtailment in Northeast
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Modeling wind curtailment in Northeast

Unit commitment optimization (typical daily scheduling tool in most
power systems):

Z = min Z (CTXp,k,t + dTYp,k,t)

Xy
p;k,t

s.t. Supply/demand balance
Network losses
Generator output/ramping limits
Commitment constraints
District heating requirements
Reserve requirements

Quota constraint

x € {0..N,«} : commitments y:outputs c:startupcosts t: timesteps(1hour)
d : variable operation costs p: provinces k: generator clusters
Full model formulation in: (M. R. Davidson and Pérez-Arriaga 2017)
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Three key political conflicts

Quota (Q) Limited Transmission Provincial Reserves (P)
(T)
Minimum generation Planned total transfers Provinces cannot share
allowance to coal-fired between provinces. reserve generation.
generators.
Implemented as reduction Hence, must have
Implemented as minimum in interconnection adequate reserves
constraint on total capacity and restricted available within province.
generation for each type flow directions between
of generator. provinces.
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Northeast results

R=Regional reserves, P=Provincial reserves (i.e., no inter-provincial sharing)
Q=Quota, T=Limited transmission (i.e., long-term contract restrictions)
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Northeast results

R=Regional reserves, P=Provincial reserves (i.e., no inter-provincial sharing)
Q=Quota, T=Limited transmission (i.e., long-term contract restrictions)
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Northeast results

R=Regional reserves, P=Provincial reserves (i.e., no inter-provincial sharing)
Q=Quota, T=Limited transmission (i.e., long-term contract restrictions)
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Northeast results

R=Regional reserves, P=Provincial reserves (i.e., no inter-provincial sharing)
Q=Quota, T=Limited transmission (i.e., long-term contract restrictions)
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Northeast results

R=Regional reserves, P=Provincial reserves (i.e., no inter-provincial sharing)
Q=Quota, T=Limited transmission (i.e., long-term contract restrictions)
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Findings: What explains curtailment, and how to fix

o Inflexible trading caused by coal quotas and provincial autonomy in
power systems operation
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Findings: What explains curtailment, and how to fix

o Inflexible trading caused by coal quotas and provincial autonomy in
power systems operation

@ Market designs motivated by local industrial interests:
governments frequently intervene to lower price, stimulate demand

@ Wind curtailment enhanced by interaction of inter-provincial
trade barriers on different time-scales

Recommendations for policy
o Inter-provincial trading barriers are important, under-emphasized
elements of reform package to address renewable energy curtailment
@ Not all market mechanisms to reduce costs are equal — bilateral
contracts, especially physical ones, will not improve renewable energy
situation
@ Modeling institution interactions can uncover “2nd-best” policies
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Thoughts for India

Legacy operations and scheduling
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Thoughts for India

Legacy operations and scheduling
@ States have primacy and main responsibility over balancing
@ High percentage of long-term physical contracts

o Limited “unbundling”

High renewable energy targets
@ 175 GW of wind & solar & small RE by 2022
@ RE share rising from current 5% to 12-14%

Emerging electricity markets

@ Short-term exchange transactions: 3% of total generation (cerc, 2017)
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Thoughts for India (2)

Long-term — Short-term
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Thoughts for India (2)

Long-term — Short-term

@ How much do long-term contract structures restrict short-term
balancing?

@ Does RE integration require more flexible thermal contracts or less
contracts?

@ How will/should RE participate in exchanges in the future?

State — Region ..Country

@ Are current cross-border trading mechanisms sufficient for RE targets
and RPOs?

@ What combination of market (e.g. exchange) vs. administrative (e.g.
Ul, PPA provisions) pricing is appropriate?

@ What will be the new balance of power between centre and state in
scheduling and operation?
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Thank you

Michael Davidson
michd©@mit.edu
www.mdavidson.org
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Modeling wind curtailment in Northeast |l

Experimental setup

o NE grid relatively isolated, with pronounced coal overcapacity and
large wind curtailment (15-30%), winter highest
@ Historical network and generator data from 2011 winter (CEC 2011)

@ Fixed one-week demand in winter season, and six wind scenarios
to capture variability

@ Cogeneration units as must-run and higher minimum outputs
(sensitivity on commitments)

@ Measure effects and interactions of three political conflicts

Outcomes of interest
@ Total production cost

@ Wind curtailment
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Quota parameterization

Table: Modeled minimum winter thermal generation quotas Q, by province.

Assumed Max  Estimated Min

Annual CF Summer CF Winter CF Qe
HL 47% 80% 14% 14%
JL 39% 80% -2% 0%
LN 50% 80% 20% 20%
IME 58% 80% 36% 36%
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Transmission capacities (physical)

Table: Estimated inter-provincial transmission capacities F, , (MW) in 2011. (HL =
Heilongjiang, JL = Jilin, LN = Liaoning, IME = Eastern Inner Mongolia)

HL JL LN IME

HL 0 4500 0 1800
JL 4500 0 3600 600
LN 0 3600 0 8000
IME 1800 600 8000 0
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Transmission capacities (restricted)

Table: Modeled effective inter-provincial transmission capacities T—';P/ under provincial
dispatch (MW). Source of exports (2011): (State Grid 2012).

Exports (PWh)  Avg. power (MW) T—';p/ (MW)

HL — JL 0.119 14 0
HL — LN 5.257 600 600
HL — IME 0.426 49 0
JL — LN 2.579 204 300
IME — LN 10.622 1213 1200
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China’'s wind curtailment
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Province

Gansu

Hebei
Heilongjiang
Inner Mongolia
Jilin

Liaoning
Ningxia
Shaanxi

Shanxi

Xinjiang

Year
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2015
2016
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