SR A T B BB S AN 5T

(| M BE IR B 5T B

2016 &£ 01 H



2

VAR, REFGEIFELES Kbk, FE. KW LR EN
EHFMRE —. HERE G IR BN FE K, #
BARNT L E T HNRATRATEE R, AHE <=7
DT R K R R . R AL A T A, et X 3 KA AR
BAPE. PR (20150 9F Tt —FRME N RH &
EWETELY R T EFWEZATRS, FFHFER. TERELE
BEER AN EW, BARMHAFTREL LG EmE. B MAaR
e, REMRCAEE ST B AGREL BREERIG G L, BATE
WAL, TR ER RS LA ER. Hik, SA6RE LB R K
EUER, A EINHZREZRT B RNEATER LW BZFAR
=N

VR E S8 7R AT 3 T AR R KR B Al b 1] L ey Al b A
B— o AR RE T RIR AN ER. R, M S e AR
B RE XM, WRNGATH BT 2RE 4k IR U4 24 7 66 N B R R, OF
B X E S E S SR E AR IR AR 40 6 A AL
E W EY. BR, e 3 IE HT 6k IR 16 28 I 4160 3T AL 1A X 52 B &
FRK A e b, BFRATH BT REF TH A, AT b
PR BUIT AT B IR M LR BB R . e, R R R E AT R
HAEHLE I, A H BT B3 8 IR MR K S F

WA EEHRERRAITE T HA K E:

(=) AMBREENRAKREFTHEEAFTREBEEANE
X

20154 3 A, BT AT EXH (201519 F X Ti#t—F K



e DR R ERETELY (UWTER “hk 9 F5X7). %HEXH
e, e HRENESMERL “ZHF L ZEML,
A OB LA 7 I AN, AR a2 AR EE ol
%, AP BT 2 P AR 0 DL ROR BRI AR S HLA AR R
or, #H—-FRAEFEE, #-FRUENAEAR, # TR
WA RAERETATEMRE. B, BEXLEFBEEHRTRENK
FRATME, BEHERI. KE. M. 28 TE. =8, 7N
EEMNGRTHA, HPRI. RE. TEOREF FTERM.
BR, BEXEEHE 6 PREBREXH, PAPREATHE
. RpEREKE. AARTNKE. ARENKE. €8N
EHEAENEREE £ EEEHE.

RAFRIBIFFH IR RKRE RPN KEL T F KR
THEFWN—FTEERNRE. 2015453 A TR (R TRER FE1TH
TR FERIFE S LKA T EILY (KKE4T[2015]518 ) B4
WREFEWE o T8, FAREAFERIFHN, B E FETH
W, Fo 4 A g5 AMEALE A VETE R IE T R A A, AniR e K
M 2, F A5 LA T T R & K s &R A A SR %5 7 E AR
HFRFEHPREERENL, B, He0Ehwg@k. ZoKs
B KR TR BE S S R IR IR LR SO o xR R R
MAEENLR,

(=) EANMW 6 8y w7 Rkl 3 BB SR X3 3T 6 IR
MWRE, RUFHE T REHGIFEH ST EE I A

LG S R EHT AL IR KR B SR BIHLEI BRI LR B R 4
TATEESA, RERBTREFREZTHAFTERMHEX:



AR AME, HEFEESER T, UhEREND R, %
SREEXA BRI, FHbOESSEHER S, #ATT; &
WA, FaBEENRELKESTFERREX DGR, RESW
ATFEEFATHEFAATI LA, ZIEM6FRENEFRAT.
AREANERBAKERST, FRBERATREENTHE: —&
TEFEEARE2FREEBIG AT, BAXRR D 0T RIET Rt
—FH. R AR A R SRZ W AAA T KR & PR
BB RN 7V R AT A ME AL R B Sk SRR S R B R SL T, T
R 1 Ak R AL R IR P KR B R KB R R, TR U R R T T
JE RV SE BT G IR R A . =% R DXk Z A A TR e R O A0 9
K629 5 I 5 78 AL 280K T 3 8 T R BB g
PSRN AR, BaaaiREg. WRRAEMXR G 5 HE®RZ AXR
WAL, BT  E 2 5 A e TR ST . R
R RR RGN RIE R R Z2EATHAART G RA AN F it

(=) RALHE S E N A HAR ST &8RN - I T 374
#, REMRETIRENET

BRI E R Ll TR mRA. WIELFHIAL, H kR
HNEXEZRA =M —RFRESSERNRIOES, —2H &
MANER TR IR L% S5 R T =2 LANERH R %5
e ywagpe R, B PR f+28000, xR~ ok & R &
HEA RIS 2 —, REME. THEBRAT, A THRELX
FEATH, R AT R IR &R . (B R T AE IR R LR i, v R UH 4T
RE IR B R 7K KR e AR AN B RT RER B S G R AR
K, W REIR A AR FRIZ P 5% T e 3 i £ W ey —Fr

)



A, BERTHHEBRLELEARAAE, KERALERETHE, EE
T E SN &, BANEES RS R TR, M
PRYFrebR A ey Az, EEHENGBER RSN TR, H
A TR R K BARE TG EFFNREE F L, BR R KT
JEA, FEAIEATAENTHIE, EF THRELALLEAAR
BT S, REKRFRESE B Tpe &I m. B iR
WROK A 35 7 J& « 3 RL K AR T aB IR N B W 0 W I AR o R e 4 3
D HARELE BT HANEN KRR E W ReTHUESEL;
XRAEBHEETH AT RTN. T2 AENH, RIEE MR
ERETY EOAA; TEREGZFNALE, niE Xl k=%
M, BART 3 Lo TR f; B R RS EHE, BWE R
PR, BFY AW E, 7 E A E T 45 R

(W) ZEFEAEFHENER BT H R IFEHANHK
X

ETFROZRE G R K BRI ZH T R F AR LR
EEERAFRBEHNTEARR. ZOGTEERRNETHZAK
AR E R T R T, HEEANAREEER 8, REFRNEHR
. WU N M, 8 HUILAL IR R 4 b % R 2 45 7 RUEN Tk A
MK . ) F SR EHL 3000MW 5L T (£ S48 51 #7 8844MW ),
EHNARERLER DB 2R, RAFRNEEKY 0.6%. NiE
BN 6000MW B, & AAAPERER n 1| NE 2 A, REFR
FE AP 1%, WEREREE I, §EEEEEE—ANE o0 86,
R G 7 N ARG RN, WARE R EERER—NE R RAF
MR TRB . EEANARFAEHERELTHELT,



R AL A5, FRMNRGEHNE &, FREIL BT
HMAZATT X UARE R R RF LG . B RE, EAANA
HAEFTALTHERAT, FANAFEEZRETUEHER R F AR,
RAFERIFEHN. BT RRB AT HALEGRERS, BEL B
BTN, RRHAFRBHANEART X, E00 R 5 RE KA
3000MW i JL B, R AN A A7 R T % AL AL IR L R 153 A
SANE R RAES G RSN AL G KRR LA, B RE X R
NAKTHG 3 A, i BA AR N 4 A ka7 5, B kR AL
677 X, W T E W AL R R TR A 15~20 NE 4 BT e A 2
5 R A BB HLAL 4L A SR R BOR

() RUFHETRAREFTEREHNANERKEN

FHETRAREFERBNWBCREY: £H, Ui
FRFE AR BB MEBRNE SR A
BAERR., BAREHE: —RERBHAFERFEHNAVNACI. &
o L R LR 2 [ A 25 AMEAL ], R RE NHBIRS TEFR
fom B ALE, B EER, BREFEEE WX ARMM I KT
fRFAE R T AR F A, BRE) RER., —REEENE
HREARTEWR VEZANE. TEFHERBEREHAN
BATE Y F8, BELEAEZ BRI CHEN, RS K %Az
17 BN EHNRIRT . BT EE IR 8 P AL R A
e 15 G VR R SR AN AT BT, B IR A X B U
TR AR S, KA B A 2R & EH A .
SR AREBATNE G A RER K EHB A b F R DU R A
WEERREA BT ENEEGRRHNE R, FREFET N ES



R I A R 4 BT 3 1 (A 6 7 R ARALR B IR R R e EE B ) S
HERBERERE. v KH, UWSEFTIUKEMRLEERLR
AERBHTHEREALEAR. AKEHE: —RBRALEERE
R, AVPREFFMRARBAR. A 5L RIFERIEN
RRREIR B S, WABR 2030, 2050 4FE BB AT, HE 2E R R IR Ak
TRV, T R AR E G IR K& AP 3 FIRFARKUHE £ X
FOLE @R RGERTR, K. RAARKEEEABRNE
TRk A RE R IREZE SR IR, SR E T EA . RAEIE,
RELREREN. —_ RETRHE WA AE. AT FER
JIW R, EFRN T LR AE RS R A R R R AR R 3, SE
Pk E IR W S L Py Al b xd R O Al OR & R 4R A
Wi, SR 858 #HLE B BB S 6, 5 IR IR K AR R
HEFRAA R AZATT R BIMEITT RS BERNEIRX ST
%, R4 K FRE B E A H N RRFINBET G B
IR %50 5, ARt R R IR A B RS-



Abstract

There has been fast development of renewable energy in China in
recent years. The newly installed capacity of wind power, solar
photovoltaic both rank first in the world. At the same time, with the rapid
expansion of renewable energy generation capacity, the contradiction
between existing power system operation mechanism and renewable
energy integration become increasingly prominent. Wind curtailment in
some areas 1s a serious problem. If these problems are not given attention
and solved as soon as possible, the renewable energy integration situation
will become more critical. China is now in the process of kicking off a
new round of electricity market reform. One of the basic principles of the
new electricity reform is to promote the increase of renewable generation
and distributed energy systems in electricity supply. Therefore, based on
the latest power sector reform, how to solve the renewable energy
integration problem with mechanism construction is a critical research
issue.

This study first analyzes the current situation of renewable energy
development in China, its integration problems, as well as the
requirement of the new power sector reform on renewable energy
integration. Secondly, the power sector reform documents, which are
expected to be published soon, are analyzed and the challenges of
renewable energy integration may face in the process of power sector
reform are studied. The experience of market design in the US and

Germany are also studied. Thirdly, the current practice of renewable



energy integration mechanisms in China are summarized and the
renewable energy integration pilot projects, which will be conducted soon,
are analyzed. The renewable energy integration mechanisms in the
context of the new power sector reform are then studied. Case studies are
conducted based on power production simulations. Finally, suggestions
on renewable energy mechanisms to facilitate renewable energy
integration are proposed, which provide reference for decision-making of
renewable energy integration in the context of the new power sector
reform.

Main outputs of the study include the following five parts:

(1) Requirement of the new power sector reform on renewable
energy integration are analyzed

According to the Opinions Regarding the Deepening of the Power
Sector's Reform issued by State Council in March 2015, the key points
and roadmap for this new round of electric power system reform are
“three deregulations, one independent, and three strengthening”. The
three deregulations are respectively the deregulation of electricity prices
in all the competitive segments of power systems excluding transmission
and distribution; the deregulation of electricity retail services and opening
for private capital; and the deregulation of generation schedules except
ones related to public welfare and power regulation. The one independent
refers to promoting the independence of power trading organization. The
three strengthening respectively refer to the strengthening of government

supervision; the strengthening of coordinated planning of the power



sector; and the strengthening of secure and efficient system operation for
a more reliable power supply. Approved by the central government at the
beginning of 2015, Shenzhen was chosen as the first pilot for the reform
of transmission and distribution pricing. West Inner Mongolia was
approved as the second one recently in June 2015. Anhui, Hubei, Ningxia
and Yunnan are listed as the pilots for the provincial transmission and
distribution pricing. Reform schemes for other key areas such as
deregulation of electricity retail services and the independence of the
power exchange agency are under study and drafting. They are expected
to be issued by the authority before the end of 2015. One of the basic
principles of the new electricity reform is to promote the increase of
renewable generation and distributed energy systems in electricity supply.
Therefore, facilitating the integration of renewable generation will be an
important part included in the general framework and related pilot
projects of this round of reform.

(2) Mechanism of renewable energy integration proposed in the
to-be-published power sector reform supportive documents are analyzed
and challenges of renewable energy integration in the new context are
proposed

There will be two ways in which renewable energy participate in
system operation. One is renewable energy do not participate in
electricity market and is eligible for priority generation right. The other 1s
that renewable energy participate in an electricity market with forward

market being the main part and spot market being supplemental.



Concerns with renewable energy integration in the new round of reform
include: What is priority generation rights trading and how to implement
it? How to coordinate long term bilateral trading and requirement on
regulation/load following generation in the short term so that renewable
energy integration are not impacted? How to coordinate forward contracts
and spot market? How to coordinate power exchange and power dispatch?
How to design a more versatile market structure which may include
ancillary service market or capacity market that help renewable energy
integration into power systems? How to incentivize trans-provincial and
trans-regional integration of renewable energy?

(3) Market design experience of other countries are analyzed and its
implication on market design in China are proposed

Generally there are three ways in terms of how renewable energy
participates in power system operation. The first one is renewable energy
do not participate in the competitive market and are sold directly to
system operators. The second one is renewable energy participate in
electricity market with a market premium. The third one is renewable
energy participate in electricity market with no market premium. The first
one 1s a better choice when there are not much renewable energy in the
system and renewable energy development are just initiated and the main
goal of the system is to encourage fast development of renewable energy.
The second one will become a more suitable choice when there is a fair
amount of renewable energy in the system, and their impact on system

operation 1s becoming increasingly critical. The third option is where all



types of generation, including renewable energy, participate in electricity
market with equal status. Strategies of other countries in facilitating
renewable energy integration includes: promote the transition from direct
marketing of renewable energy with market premium to direct marketing
with no premium; increase the bidding cap of energy market and provide
make-whole payments so as to ensure the necessary profit of
conventional generation; improve wind power forecast and penalizes
wind power deviation to schedules; Require wind power to provide
ancillary services and increase load following and regulation resources;
enlarge power market and integrate renewable energy in a larger area.

(4) The impact of renewable energy integration mechanism are
quantified with a power production simulation model

Quantitative analysis are conducted on the impacts of different
generation scheduling strategies and different capabilities of conventional
generation in downward dispatch on renewable energy integration.
Simulation results show that with the current generation scheduling
approach, when the capabilities of conventional generation in downward
dispatch are improved, wind curtailment in the system will decrease. The
higher the wind penetration, the bigger the contribution of better
capabilities of conventional generation in downward dispatch in reducing
wind curtailment. Case studies show that when wind capacity is 3000MW
(system peak load 8844MW), if the minimum output of coal-fired
generators 1s decreased by 1 percentage point, the reduced wind

curtailment would be around 0.6%. When wind capacity is 6000MW, if



the minimum output of coal-fired generators is decreased by 1 percentage
point, the reduced wind curtailment would be around 1%. When the
minimum output of coal-fired generators is further decreased, its
contribution on reducing wind curtailment will also decrease. When the
capabilities of conventional generation in downward dispatch (its
minimum output not changed), improvement of generation scheduling
strategies such as considering wind power forecast in unit commitment,
will effectively reduce system wind curtailment. In the short run,
decreasing the minimum output of conventional generation can help
reduce wind curtailment. But in the long run, with a high renewable
energy penetration power system, improving generation scheduling of the
system is a more effective approach in facilitating renewable energy
integration.

(5) Suggestion on facilitating renewable energy integration are

proposed

In the short run (i.e. before 2020), focus on the improvement of

power system operation and price mechanism to promote renewable
energy priority dispatch and renewable energy integration pilots.

v" Establish the priority generation rights for renewable energy and
design schemes for its implementation, which includes: give
priority generation rights to planned wind, solar and biomass;
fully arrange priority generation in generation scheduling; design
schemes of generation replacement and methods of priority

generation rights trading.



v" Improve the capability and motivation of conventional generation
in facilitating renewable energy integration, which includes:
revise the operation and retrofit standards for conventional
generators and re-evaluate its minimum output; improve the
controllability of CHP units; encourage self-generation power
plants and CHP units to participate in regulation and load
following; incentivize thermal generators to further decrease its
minimum output level; make better use of pumped hydro.

v" Establish compensation mechanism for different types of
generation and further explore ancillary service market, which
includes: further explore ancillary service market based on the
pilot project in Northeast China; establish compensation
mechanism for conventional generators, which includes: explore
the potential of demand side management in facilitating
renewable energy integration; price mechanisms: time of use
retail electricity price, peak and valley wholesale electricity;
detailed survey on the potential of different types of electricity
consumers; explore new methods to increase electricity
consumptions, besides electric boilers, heat pumps, etc.

v Initiating pilot projects of renewable energy integration with the
new mechanism proposed. Consider areas with critical renewable
energy integration problems such as Inner Mongolia, Gansu, the
Northeast China as possible pilots, and try out the new

mechanisms.



In the long run (i.e. after 2020), focus on market reform and

implement marginal cost based economic dispatch.

v Promote power system transformation. Gradually change the
status of conventional generation such as coal and natural gas
from base load to peak load and reserve power. Speed up the
construction of smart grid, such as smart equipment, smart
dispatch, interactive electricity retailing, and distributed storage.

v Renewable energy participates in the electricity market based on
their marginal costs so that they are dispatched with priority
automatically. Change the way power is dispatched to economic
dispatch. Participation of renewables in the electricity market
with its marginal cost. Replace benchmarking generation price
and energy scheduling by market price and energy saving

dispatch.
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B, AT BRARK. FERIMALA 1SO N HLEEE, Red
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LEHEQONEA) S RN, EakHow g H T #HE KR L
AR ERURIET S, ZHERRAY. ETULER, %E
% #5 fE JB W5 & & R £ (Federal Energy Regulation Commission, FERC)
T 2002 47 A #1777 LL PIM—ISO(E M —#71E& 1 N — & F| = | 1SO)
H W A B AR E T 3% K it (standard market design, SMD), 4 EH#/
PIM B AT 4% . SMD TEEMERS . WE 2. mefzE
T WYRRAEFTELAREE T A EAKRITER, &T FERC A
AFRENF TR RS, Bk A WA R IEATH K,
At SMD 4 #i 6 IR 5 i o 2 01 O LA R AZG, S ERL B4
EEARRNTATH E, RET —NEA TN ETTEN, ER
B RAEATRE A Lo PR TR L, ARG HERERT
RE R VEBI X 77 7 Ao

SMD 23 & 4 8 B0 AL 8 i 0 B B R BR A R A A B DX s L
#1(Regional Transmission Organization, RTO). Z| H# A1, ZEE
AR ST 295 A RTO = ISOME R A B A RTO, /N A 1SO),
I 4 RTO / 1SO — ft #i#% SMD $.4T, B ARA A&

1) RTO 24X & — i 48/ T4,

D NAAFREEAETHAHEEN 70%-80%, HRKBEES
EHWMALRTIXS -

3) &Ik A H R T Fu g B R £ T 37 £ Bl EE R4, SMD &
¥ TR A % % (mixed integer programming, MIP)E i % 4
29 K HL4E 41 4% JF (security constrained unit commitment, SCUC)% %l
K EATR], AN B (e BN A )RR ALK

4) X SCUC #ATHMF AKX G, £HBEMEALLRERFK
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WAELEEEE, WL ABHENET LR MR, g &% H
K A TR A1 89 4 X 2 5 B4 (locational marginalprice, LMP)
SRR E, FH &4 B A (financial transmission right, FTR)A
BN A B R

5 YRAGZHERAHERER, LT ANENHEF. YRAEN
Al & & B, st & KA X4 PR @4 K & (locational marginal
price algorism, LPA)# AT+, HEL X B H 7 LHERE 2, et
WITHER G RE RREFAENITEER, oM Eeiies, %
B AR O FLE SR, BRI KA TR L E R R A KT
BT EHATEE R

6) LPA XA &ML K FHEERNNELBANE /1, BLE
LMP ¥ ES LT E, B TTEHEAL, AEENHANET A
B 1AM, SR A R R e &

PIM B A THEAAWKRETGRGLE, WREEWIE
RTEARWNEKES, FKETH. ARTHETHIEHUK
XEANFEEZRT. PIM WHEHEHAFTRESTENE R
NEEFHBTHRKRAETIRER N TERAREESER
X

1 WHEHN

PIM ZATHR W, L. ZETH. AATT. K4
T e Rl AR A WA

Her®e A WH: THRREER 8: 00~12: 00 & PIM—OI
(#3547 # Office of the interconnection) %% % = K Hy # A7 1T X,
PIM—OI E&K 12: 00~14: 00 %A R4 H X5 A& R R AR
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WRIHATIERE, RAGREETHA L Tk, RESF. WELHE.
REMEE, TETRE, BFERAN. REFWIZITHFAX. PIM—
Ol £&K 14: 00~16: 00 Z 8, F& & AR FHEER, £ l6:
00 2% =K 8: 00, PIM XA RFERAZLFHE. T EEFFTEHE
R — = RE,

HMBRTg: fAwgasKk. . 885, —FH—FULEHKHE,
—MAE—FZANFH, —RE-NAUANEH. IR Z =
HEIRTRAGENEE, FREHRTHEIL.

LW TRHTHEGLE-—ANFETY, CREABRES
REER NEEE THLEERETMR LN THEHENES o
it — K

W W37 PIM IR 7 A0 0 3o AL IR - B9 SROK A R R N B AR oL
R, TRREM S0 RE A AR %G 4% LSE, LSE ® UL
AAE TR EFIRRE S E = 41T & B kiR B T
%, WH LA PIM W F XA R %, PIM EM T H% T 5 5HE M
TET T EZRMA R 58942 . PIM {£ ) UDS (Unit Dispatch
System) 1t 5 H kBT LMP AL A it Xk it G e AwmREET
EHREEAE FRN 2 RA. K BN AR EER SRR,
FeNAMI & RA M EAVERN K FE o & AT N (merit
order price) . K B A B9 #2 LV AR £ 0 AL 22 4% FR s o i 7 40 A4S AT
P, AT LR B REH (B aARRAN) BWRE AGC REHALAA
o H P AR o & B A& BT O B AT 7F 1148 RMCP (Regulation
Market Clearing Price). & L4 UL B EALE, X BB ALAH & 1
7 hasdh 0. EF G4 ER, 7 8 E = 4750 HLHE L
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RMCP % 2|#M2, 4% PIM & F # M ILE K RMCP AR e
LR AR ALER ., FEWLEMMRS 1 LSE #dsw % : RMCP+
RZAEBR L4 RA (RMCP ZEFHR) + & T I HALE R R
IFT 7 SR B R B R A

KEWY: H 7T B4 Pennsylvania M e 4 T & 7 37 o0 IF 3k,
PIM #1998 SR LT EZETY, TENELZECANK . 28k
AEwETARANAEG. AEEATIAETHATYT. &
AEF 7 £E10 &, PIM WA ETFIT MK &, &7 KR L
REECEF - REEXNFHANATEECERANEI R, ET T KRS
Bl I EATE, THRBRATNAE, A& K89 AR 48 2
TR G L, &5 EE & AN EHENTHEEN, RS
BANBEERMEIANNEXA R EETIRENZZERE
BN BH R A B T 3k R 5 B T 3 Ak R FT LU R B R R
BY AT A 4k 4218 if eCapacity #HATRUK 5. EREF A, A Al
RELVHMLTRERENEECHARFEREE KB ANEENF.

2) HEMNH

PIM X X 4 & % % (Two-settlement system). PJIM ¥ %
FRZBEM TR PE T TEHE, AT

Spa = Bpa X dpy
Spa = (Posw = Pot) X Qg

HeP S, AKXEHAN B THEFWIE, Sy, AR EHNERE
Bt T 7 4 Bl g (T LAY 1), P, o K LA E Rl & Bt &I, g,
K HE W EN, P, A REAH L K, g, N TR E
o
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TEHFARAREERGWELTR. XXENEHN T LR
mRE 20 AT RIREAR, ZAEIFMAET Z LMP A& 1000
TR20 271, WAEHB T, 22BN LLHKS 4000 F THHEA
EEETY, mRZALENBLFEN, RIAH 30 7 T REREHI
2, TET R LMP A% 1000 TR 22 %71, &0 10 7 T &
RHZ B EF AN GE, JhET, K EALE DUIRE PIM 100x22=2200 *
TCETHN, RETER N 6200 % 0. ERWR BT X BENHE, L@
MARELE 10 7 TRERE, COABEEHM T L EEH 10
AT R, XMoRaE AL N LMP £5, HibvE
SEEE T 37 % X AT 4 PIM100x22=2200 * T # . &5, ZXE
HLEZPR & B4 10 77 TR, 45%]4000—2200=1800 = JLEJH A .

32.1.2 FheeRE2 58 HHIHAR

K#aMemE L REa@mxiZR (FxE R RERNLY
83%), L E A EEAAEEE (b EE R RERIH 15%). 2013
G, REFEEANE BN 95%H ST K BB HH . AN EFTA R
LA PR SR, RN EES, BEFEMAHNE L SR
K 4%, NEFTAREAAE G 02%, FIT 1% 308 K x40
HWE. A¥. BLAF. RRFFERLLEF. A0 wH0F.
MBITENEE, ML XEFFHE 3%HWRMNMAEH, =ANEHF
15%, HE4&EEHFE 2%,

EXERATHARERAFRAWERNR, BAXEAAFTXSE
MAN—ZHBINFRHEEL R, BEXEITKHAARRNERLE
AANAREXERETEMNNBLEFEE IR, HES ST NER
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& (merchant project) . IEZH## %, £ HELEEM, 2013 FHHE
WLEY 7T4% 0 B ) 2 Bl A (4%) BFEN (70%). A Bt R ALk
E, BANAFAE (15%) BHFEN (54%) B R & 2% KR
HT 69% o T b At S8 BTV AL R B T EL 2013 4R BT R 348 2 & B9 25%,
& 4 B0 R R ALEY 23%. B L (B E B L M B TR E R 38 B B\ b
KT H A SR B R T I AR (R R A KR — R 10-12
FRAH), TMAEET KA PPA AR BE. & T RAEME TR, £
oMK E AT EAFRSE T (WwEM), ERE PPA #A
TR, ARBLAIFEFT LU RETERE S,

X EEMHL PIM AR ES S8 m7HER. ERER
T

rERESEHM T FEN, TUSEHRETHHEN. I RE
B A5 R RIRE, MRS % e g, b, iR
f DL R A K L R R BT S LB K RS AT 5% SMW(FH
FBREA), WAENAFEL A mEFRA. PIM ET & A EH
MWy s —HE R NBEEHE -S4 H T US54
HWENR A PIM EAEX RELE TR EZ WL ENEEHRER Y
wHl. T & RE T DAR R4 R R F R

322 fEEF

BENEARZTINFEELH A ARTE. B A
ERTHMBANEER G T . =N TI A LZAXTFHRZ
HA, #HEXTRBRZE K.
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BERNRA

BAREDL |@ﬁﬁ$&§%ﬁ%| BASRAREM

|| 1 |
Leaxz | [Br%E | Lz | | MER5E | [zesmenxs|| oql5ny |[seemenss]
| ensesnzs | [ Brssrnss |
EEMEE 15052 AR 5 ' A B %5 ' Kh RGP

A
EE
B
B
Erl
e
I

B7IEAB BN

3-3 {EER 135 IS vmsm
oA / /wk-rgésfe!

RTINS - BERGERETE,
BER B RIRE RIEGEe

BRRBTKIHRE

 RBAR S ! et Setsth. BosEh  RAEM
! 1 1 |

ZAFE

& 3-4 EEE DX ZHEEITE
3.2.2.1 TizntAZR

(1) B8 W 3 AL #

EEWIARTHAXS EE#A EPEX SPOT X % F & # 1T,
EPEX SPOT ZRMFZ T EN— I ZF 6, RHREZEELHE, &
EHEEE. £EH. AHA| mEAASRENEAARK T, 2015 F 5
H, EPEX SPOT # — 2 100%4 1 7 APX Group Fi# A AL, il %
HRE T AR, FEfotE B RR T,

BREWIARTIHE, X#t—Fo2AhTHAIXZ. BAX
Sro 2ANTEB RGeS L, AW, ARWHE. BRI X
FRIARTGFEZENRZFE, U—KREHN - EEHEHE
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RWEAR T, HETH AR ED LBEARTUN B &8 2 &8
AR RFR, NI RERRETEILARENLE ., T HATHR Z 1T
K. HAXZEERAECANARZ T, AN TRORET
TR N BTG R, AR, AATRAFEERE B H W
HEBFWNELWSETIRS, REREFRESSTTHRS
THE R KT, BREZATETZSTHEFEEIEHNRL T
WRTEA, RAFRIFEHA.

OMWh Price
55.00
50.00
4500 o
40.00
.
L3
35.00
30.00
2500 °
20.00
2203 1968 25.00 47.00 4929 4484 3815 38.00 4416 48.90 43.08 3183
o€ 26.40 23.05 21.72 3499 5116 46.40 n77 36.05 4034 46.73 47.75 3719
1 2 3 4 S 6 & 8 9 10 1 12 13 14 15 16 17 18 19 20 e 22 23 24

B 3-5 IEE3Z 5 HiH EPEX SPOT 7£ 2015 £ 9 B 18 BRI ARIHIAHXZ S MN1&

HATTHEEFERAETATIRARGE M EHTTH
XAEXNERAETXNATREZXZWRZ T, UuLdHAHY
BTN R Z R AR R, B ZAEAE RN EE BRI
X%, AAMNXZHR: BREZREMN. HNEEGREN. EEE
AW EHNEETYN, FHT 2011 F12 A, K5FF UER— K
W 2:30 TP AT &, B IE — EL PSR B B 7 = i R BCHT 49 30 4
. EEEE N, XZNFHENEELEER, K5k, F5
NEHXREAEHATHERR. MEELHREFRENAEE
AN, REHARRBE IR A HRRESAAREER. HRNXZHE
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SENEX, ERTHRGERKNWHEA (B RETLE
30 o4) NFRBELXEWEAEMBEREE, AFRESEFTY
RERGIF LW XK. BEEIARZ TN EERNEX, T
T20145F 12 A, HRIWEEENENRHNERNTZRME 15 2
A RNMEET. SEEFTUEN—HNTF 3 n5mELEM,
WERKHE 15 A ROEHATZNHE. HATZHWEEENE
AW, YERTIRBTITENNBET, RETHAX
ZEZENEAWNNBRE, BIOTHFHESE AT
I TR, AT R 2T B R IR HY A

75.00

50.00

25.00

0 . A \/ frp—

-25.00

-50.00

1 3 5 ' 9 1M1 13 15 17 19 2 23 1 3 5 7 9 1" 13 15§ 17 19 21 23
16092015 170092015

& 3-6 I3z 5% EPEX SPOT £ 2015 % 9 A 17 BB AR EEESN X MN1E

«MWh Price

50.00
40.00 a Pt P o®

30.00

20.00 Pe @ »
Loy ] o¢ eeo® Y o

® ¢
®
10.00 o

1 2 3 4 S 6 7 8 9 M0 1" 12 13 14 15 16 17 18 19 20 21 22 23 24

& 3-7 55325 ™% EPEX SPOT £ 2015 %£ 9 B 17 HWHRNEA=NZ S NE
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GLp, EEENEAMRTIRG T, 2N NEL2HER G T
%, AEFNRWGEEME, ENZBAELIHE. AFHE. CHRXZ
B [B] Ay SE B 2T B B[] Z BTN RN MBS T B — H, HAEAT B9 AR R AR
WA 3-8 ATow .

HOURLY QUARTERLY AND HOURLY
EUrpose OPTIMIZATION CONTINUOUS
RE-BALANCING

Trading Coupled Day-ahead Start of Intraday + Start of continuous Start of continuous quarterly
process hourly auction nominations hourly Intraday trading Intraday trading

[&] 3-8 EPEX SPOT B8 hI 55 3435 1 THU B [8) 7 42 (&

EHRTHY, RZUAAREAEEAX KA LN —HE 12
B, RELASEX LI RENENRTEERNR S, #EZE _H
WHR T RN, MEENBEANBRANER, REZMNERAY
12:55 s, Z25ARTIHRZE, EHOTHAAZE, &
RES R EE N S I /NBT 2 5 2:30 AN E AT INR F. B H%
MEATFIRNEEGREMN, #EHATHEEFENHNE, B2ITT
FA4A, HATZEEXN X ZTTE, T HHR G FEESHK
BmmE A HTR S, MAFHRNTCER TR T, REENEHK
WA HAT AR EE A HA TR EET N U — EREE
AR E BETHY 45 2%k, FFHE 201546 A 16 Hz J5, X —H B R
H] (lead time) ¥ —# E(KE T 30 4. X—W EWHE, —F @
RREENHaHMHWEAEZXZWER; 7 —FHE, BG§E
MW RRE SR KA, R E K LR T TN %
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Bl oW R, NTTREFCRELREETT FR Kk, FRHE
™ 3 % #TRE IR BV 4
(2) BAFKHAE RS IR T H I EALF
RE®BAFKHAGRE, TEABRANERTH RIS,
XEWTe XA KMNEERRZ A (EEX). KMEEIRER 5 Br £ & E &
TENREXZFE, RMREEEXRLS, cAHOZARKZF
& EPEX SPOT i AR A (51%).

in TWh

2,000 .
1.800

1.600

1.400
1.200
1.000

800 _ -
600
400

200 _ .
o

2011 2012 2013 2014

W (HEESES | W[ TERRNED
3-92011 £-2014 FEE B X H 1R E

BE 2014 FHNEANRZT, AH%EENXZ R EEN
ERWHE, DFKHEENEARTREZZE . xLFKHE
FIRERKH B ERE, FEEB LA

> % H B % B R & F

> 1% B & F

> % H & F
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> #%E A
> % E [
BEBATAERTYFHRG AR, £ 8+ KH 4 F LXK
BHATEMR B AR, XEEREZRWEES, FEEEIARTY
B EEATH AL, EE AT E RTINS KAA R SA T HE
b, FEEUTIUA T E A
I #KEAFEETRANAFATIHR
2LEKHARAMARA TR, BEXRYAZWW 24T
H, ¥XxZEERXEXZHR, RERX—K, TEARTH
FEREAN
3R KE AR U L P AT EPHANI R T BT
2, BRI R ZMHE, PRAGRNZZNHFZE IR T
G- #6578 o
AFKHERANABRARK, EFERAFTRAR. 7K
AR MEE R, B ARTHNBEANEH, BEEF
T T0 3k 38 e 0 R e R 22 W B XU
5. RFEN B AT A G T, K B3 — 5 B /N B R e ST R
BHERNX S &
F—K, PRKEARETRKANAFAT IR
EFKBABNE G, HFE AR E 4R T RS E KX
o E| A BRI R AT RIFr s et Xl %, EEE E A E H B R L
B 5 B & 7T IR B B R AT I R M s
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Year Future

Cascading process

A

Month  Month Month

future  future future
Jan Feb Mar

Quarter future Quarter future Quarter future
2"d Quarter 3 Quarter 4" Quarter

Cascading process

Month Month Month
future future future
Apr May Jun

3-10 REEMBEAFERIS ABRITIHE

FoK, PKEARWADATHR, TESS5ARTE R
o

TEBTITHNFTKEEGE, 2 VARG R A R AN,

#i 4% A& Fl (Futures Contract), {5 # # 5 (Futures), £ 3§ 420 43 1T &
G BTt AT E R H Ly, RN R LR K RN %E, TAREDN
X—F e, NHEFENNEEFATIRATH

BRan, BRHERGANN—1MRE, C5HRAANKAET
RN E T ARATMEAX S —EERAT N wRTAE &
NE T R m &k, REFIXARA 2,

HFKYPERFOENERBE RS, FEXET Y HZH0W 2
ANTAE B Z 80, 78 A AT 1 X 64 28 5 B 18] Ao 04T 046 32 48 3 0
Gk

oK, PEKBARUMINBITE?, AANARTT,

FREAE LRI MBITEPANI R T, THREH5RAWN
AT IFM “PEALMEITE”, BT xHME, FREFEGERHK
M ZE AT T NETE LN BITE, REGRANE
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HIPATEE 8], ZE3RAT H BT B2 el B BT 37 3 2T 2 E

FHWE, PRYFAGAGCBARK, EFERAFRTRENE.

oK A [F T AR T A R S Bk R, B R E LR AT
HWEARRE, NETRHETRAZWHEE, XZWAZHTIAHR
REZ2RBMAEET R XZ LETEKTERNTRL, BRZN
EWIEAF L EREFEATIEE. T PRI E R PR HAT I
X, EPATAZ R EEL%E, FHEPTARMK 2 A THERESE
BREXZHM, TS G H T ERE RN EBERIAT IR,
X LWEKHAHE, ¥ EFHNRZRABRFAFEAHNR,

o, KHERAWFE, REEHANELEREL. RAK
ZWERBEEZEWAR. AEWEITKIEFE, 7 allETmg
WAL T4, & RAE L2, & RAEEKEIITH R 2 W7 %A BN
RREEEMNEEEFHHEAER,

FER, AERNEATERTGF, BTEHE—FH AN
R AFRIBR T ENRX 7 = & .

L FKEAR T, AUEFHNEERE, RX4 T =46
IR E: dFlER 1 (1 K-8 2D, BER (9 820 %), FEF2 (21 &
24 FD. XWX ZAA, BET &R IR R kBN
AN ZER, NTEFREAX T KRBT ERT KB
T RFERBEATERAN BT RRNENTERTT,
] RE AR NN R BRI A TR, DA RN B AR B EA S B SE B R
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Power
Spot-
Market

EPEXSPOT

Market
Coupling

Derivatives

ee)

2011

15min. Contracts 15-min
Intraday Market Intraday Intraday Intraday
(DE) Market Market Auction (DE) Lead time
(AT) (CH)

FR/DE
cross-border intraday

2012 2013 2014 2015

NWE-Market Coupling
(CWE+UK+Nordics)

Day/Weekend
Futures
(FRAT/ES)

Day/Weekend
Futures (DE/AT)

Cap-Futures*

reduction

Power
Futures

2016

Wind Daily /
Hourly

Options

3-11 fEEEAMEHHMITE M AL 57~ m

(3) A% FAET ML R 5T AL HF

e Sz R )

RERIERATETS

AR

Bl — A A =R

[EAtEE] [RESEE] [EaTze]| [BETEE]

HRRME 1% H R
B —JA A =R

HHRM
PRAT— KRR

:I%ﬁﬁﬁ$ﬁMﬁ|

3-12 EERAERAEMIASRME

EE e N £ E s WA e MIEE B 50Hertz, Amprion .
Tennet ¢ TransnetBW 4~ X 12 & . £ 2001 FZ 7], 4 M &2 E B
(TSO) 4 Al%& BEMBER KN, RANAERMBRA, mEh4E RS
MENTWE RATENERAZE. 2001 F, EEIKAAS LKA
AEFINT FAAREHEALE LR R Loy WL 4 F,4 4 TSO & H
RAFZARGAT A EEFZE, (B£, HT 44 TSO &A%
EREEXY, TERIEEAZECEEAREENNE R 5
—HE, BT —LEAEARS NGB EWAT A, EEEAEA
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AT HENEZETY, THANEEETE. AT HRED &
ARFTHNRNREBHNREE, UREAEFREMILAWENR,
2006 £ 2 5, EETI AL — WK % T & Regelleistung, F7H 3B
METHHAELFEREXANATEH#TREMKS.

700 4
Reft 1
eform ENBW
sids TenneT
'
| P j
-=-=-Am
P prion
—— 50Hertz

L Lk i bbb
27/09/2008  15/04/2009

0+ : AU L Lt -
01/01/2006  20/07/2006  05/02/2007 24/08/2007 11/03/2008

3-13 EERNERSETAY I HERSENEER

EEENERTE, EXTAMEXEANEALE: &
% B & & (Primary Control Power, PCP), — XK E# & F A &
(Secondary Control Power, SCP). 44t % I X & (Minute Reserve
Power, MRP).

BRABINEAEEFRARLPUREE TR ERENT
B, 5INTHIE, EREAEARFOELHEAZHANE —
FeLtsERM AARKTRELAELALAENRER K (W
B 3-13 TR ).
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R AE BN o e d e B B (ENTSO-E) T B & W e 8 AL,
EEEMNFTHAEERLEFE S0Hz, Xz —BEHL+
10mHZ, SN AERTFEXRRE ML E AL E, EHFERFE
XM 2 X8 Z A

& JF v NI BT B o fE ik AR RSB R A E, =A& A A ERE
MEX, THEERALEEKREBE 0 VZAME, —REMNEAE
EERMEES o NEEL, 2o &AL EFTERYE 15 oot
AT o R

EARXHBAFTFER. B RGO EREFEERAN T HET
TR (EAFTR): OS5 RGW AT ATEAEFEE, KB
W R TR, RAMAETE; QUARGW AR/ TH
A EFHEE, RENEBEENTIMEE, REME L,
ETREMATER, CENEANEATIRGTH R, T HAMNEE
mA: FERYAERAETEE, ERYTAEATHEATATES
EFERRTER. ARTAERATHEARNTEAEFNRATE
Ko —RERERA L EM)SHERALE, ETHTHTR, K0T E
PR EEMARATEAEEE, TELEAZENHA T FTEHIRX 2,

ERFEmNE. EERNERARSF T~ R0, @27
AL RENE (RTEKR) fEENE (KTETRE),
2ENKE, KAWERLZERBZREEGRAA N EEEA, T
HARKELFEERECH, BEXHMauy iRk ENRRIETH
o ZEAQWNE, TEXBETRIERLNRARETFZEHE
A, #BMLRA. B EMBE, RAH LW & A0 EEEETEZAT
PEAT, ARHTXA. ZRENNE, H LR AARTINEE
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sk 2, TRAE RGN EWNER FHATHE,
MAEZREZETF e XEHEUKRERE. ZEHE
NERTHFHR G &, REES N EAF R HFRA N, #%
B, IR R &R AR B UL — By AR 42 H &,
R ZEF A ENFEA NN ERTHEENE-—RZA,
TELRARENFT R, AERAFE. RWEE N, LR
AR —E. BEEAERAT YR EEEASEN TR, X
Bl — M Z BT — BB = 5T Ak, feiE B A8 B R R UK = SR AT AR
P,
“REFRNERABLENT R, S AEAFREE R, P
HFE&AH#—F 44K HT (8:00-20:00) F1 NT (20:00-08:00) 7
Fro HT =, #HEF L8 REH L8 R A B ERNEE™ .
NTH#HHWEBR S EFKHE LS ENEEF R, —%hEREALE
oY P Y R B 1], — AR O Z BT — R R = E Ak, mil B R H B
¥ E R HATHERE ERERNE, EAFRR —AHSEE;
EREFHFRNAHEFRE, A EMEREAARE.
A ER AR, AEE &, JFEMN00:00 £ 24:00 & 4
ANEEHEIRAE K 6 AR KR E, — M A RE — K TR, W
1 3| 7 {5 B B I8] K 3 S B AT AE SRR

3222 FheelRE2 58 AOHIHAR

(1) AR
KREEEREHREEN P ERRANEIERE R ZE 2014 £ K,
BEEESLE I FRFEFARLZEE —AEH, W2HEF T
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UAEFE—HAERREENEERIRNEHNER. 2014 F&,
EEBALKNEEAAN 1.8 TR, EEAFTL 8000 7 T H. &
BEMF, KR ZEENEELN N 3820 F TR, HH&EA, & 21.5%,
MRk AR 201%. SHE 16.1%. BHELE 15.7%. HHELE
12.0%. %= 6.8%. &K 3.2%.
EEE, FFFESER AT, TEAFHMAEX:
>—MEXRAETEHRE LM ENrEMEAFTRIEER. 3
RRRAH, HENEEHUES RN MA s, URMKN
MEANARTIWNERZZF, g TAKTZHE
R AAENEENER, RIET FEBENE SR EEAN.
>REFHRBREHMTEERATHENZ L. HEEL
H, EHNSS5ARTHHNR S, TUEESMENXZ,
WA UAFESWHNL Z. EEH L, BT EEFRFNTY
W&z 5, Taedkfe— 2R E RN I,
flin, EEEEHARTTF, 15 24 A~ &R S £ EPEX
SPOT # 7 i# R ALREENE AT T 2 BEH R 7 F K, £ 2011 4
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ERTRAARERELEZSEHER, BENEMEELGE. RF5MK
TEE. MR AL PR, FEE KR AR A R W T T
', HRWZ2ETHRFOWRER, LTmRRF e, #
R—RREFRN. FMEEAIRERAR, ZMEhe. ZaIE8H. 20
A fi# B 55 oK BN FLRRL, A K PROE HoBe R re AR K BE BE & L S R U AE
R, FALF R RRE L FURAE, TP Hmg e
ZHEFTR, RER My EEMEBEREE,

() EH#TRFHEEATZER, EXENTHLREFERE
REEATFEAMAR S, ZHFERFERLAE.

W IEAT B 7 R BE G B WAL A A = e AL
W REMLE G, kT RFLITRARRZ TN EANH, B
TRFFALHERNANZRRT, ALK R ETXEEFE. X
M, KFHREA R FRERREARWAIRA R AERNT, TRILK
WA AR E LP, ZAEGREEA T REEE S G —. AT 70 A
RE R RABATAT A A R BB TR, B RO g oK AT L LA

¥R RAE
Q) KRINEETHMHE M ST, RAERGEEER
BB RS

KRIINBEEMHBMFMAENF (FZALFD, BBk
FEASERREEEMFHERS . NE NIRRT E TSR
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F, MEFERELBLERSE I, FRESEAREAE. &
R%, REAATH—HEENAEZNERETZ LD, XARFFHE
WRE L B BN ALF (B K 5 E A5 B R 57 7LD,
ERILET RN ANB e ENE RN, 5N 2 2400 H B R
FhAs, RABTREERKEATLAARY KB L B, &
mEEEEEA RGNS, W REEAEERBBEMFERREEAZ
FEBLNAFEARE K BERES . REEBRS, ZENEAK
KFJE o

(4) BIMEFEW., BEAXWRARZ WY, R&EELS
X F IR E fo o T H A

R 2t R BE . APHRESF 8 V8 REVRTT & AR, SO0 S AR B JT 7Y
BEXNAEME AT, WEABERXRZFEARET, DURRHN
BERATNR, AARETIRZNGEL, PREDO LD, A F
ETMHEREABANTFETRBNNEERZ, THUSHE, A
RAEER R, AREM L, BEAEEAXETEN., FAMNE
AREREM. MM E ERENEKRANER, BFLILEHXE
ARZWITT R ERE, VEREZEALENZ EREARZGFE, X
EE I FRANERNAUREMBAT I EREER S .
4.3 ETHDEFEUBFTRERIEMNNHI R GRS

AR AT A AT AL S T R R N R, AT R R 4
B R ATERE R AT X 2 HE 77 W AL R U S A (R T B R
THE T EIRR

43.1 RHIRG
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R 8 I R ) R Gt AL IR R T R B AL AT R A
BE R B R B A 0 e R R A0 S B B, KU AR R 2 E A
B TN e XU, 7 23
(1) BEEH

ZB e, SEAIEREEEE M 2011 FRIFEEH, F
J& 100MW K UL bk BALAL, # A% AL fn £ 4 & %, A
BEEOZENENER. ZATAEFERINLEEAEN 12900MW, &
MAXA., SRFFELEWL 41T, RT 600MW HLA S, HAX
RUALAL 35 4 #e B BX 2 HL 4 (CHP).

% 4-1 ROIRGHE MM AT

LA KR BHLEEMW) LA & % 2% CHP LA
Coal-XL 600 5 5
Coal-M1 300 5 &
Coal-M2 300 10 &
Coal-M3 300 &
Coal-S1 200 =
Coal-S2 200 11 &
Coal-XS 100 8 &

AZHERMERNAZT T A Y MR EZTHAG —NEE
H#E. Z0 2 RSB EZO R0 KB RNZTHTRAXRNE, BE
PR LA R B BN B, A A IRADK AL AL LR
DU AR /NBAT T RBATROR . S X AN A RN G FEERER/DE A
B NPT

x4-2 REIRFEERNARPEARL S

B KR EHAFEMW) | SRR ACR | HERBR AT OB
EAEKNE D ERERE
Coal-XL 600 40% 40%

Coal-M1 300 65% 80%
Coal-M2 300 50% 70%
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Coal-M3 300 40% 70%
Coal-S1 200 68% 70%
Coal-S2 200 60% 70%
Coal-XS 100 70% 80%

EXRWA KB EASY Wk 43 i, A, HAE E KA
i AT T34 A B MR AR AR
% 43 RORGEMNALBEFSH

ML 2 BPLE BEIRAE | BAEER | WREFHK | EBRRER
# 8 (MW) (78D & F, B AR *
(TG//NEE) (JL/NEED (JB/F 5
i)
Coal-XL 600 600000 20202 93797 0.16
Coal-M1 300 300000 10633 49367 0.17
Coal-M2 300 300000 10633 49367 0.17
Coal-M3 300 300000 10633 49367 0.17
Coal-S1 200 200000 7482 34740 0.18
Coal-S2 200 200000 7482 34740 0.18
Coal-XS 100 100000 3961 18392 0.19

432 HRE SR

(1) R
FRAETFHRNBEMNALENE N A ENERRATHEI . B
M BX AL 20 & 52 i R -4 T
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LoopiERT
| I A

|

|

| AR AT —
ST N JA R BRI e “gggﬂ_ﬂ

wHREEE P

e wx
Engmﬁﬁm_*,ifi?**ﬁﬁﬁﬁz::

H AT e : L FEEEAAE ERIRR SEHAIAR S
Pt :: P L > A }

EHERaHS | . _ P ERVARB) B E T RIfR R
mwnsasw > | DL RIS R, R AR
FHERARRER v

EHARSU AT — B SRR BRI R R

EpasaEy  —p | DRETHRS | > by, g ssiitel
EFERARRER

4-1 ETARMELHILALE &R % iR B B

B —: KN AL AHEA (Long Range Unit Commitment)

KYNAE GHEE 7o 5 RIMENE B Z 0 KR, ARD
MAME BT, RIERAZEBTRL, LT RAKKER, BEHAT X
K 5 REFHERKALEN L Bt R (BF B ETFRALEE it
XD, FHERRIT M BEEAES (% 6 R~%F 12 X) WIHAHN
REIR, RET —MELE TR ESE, 47, ERFLURET
EHABEEREEANCUER TR E AT, +FREETZ
HATHINR AT HEN, “HEGENRAEALE.

ERANEE &

o=, Coa O+ Y Ce(® (4-1)

s, Co, () Hrtal ety mmAk, C,o(0) hual ¢ & 459 %
friA, T AN S A RE, 48760 /N,
oAk Cy, () FRAET, BAARERA. BEETRA
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DR K B EAT AR S A LR, AR AT A AR AL AR B A
CO, HEH A E 70

g [y

iﬁ%l&%%ﬁﬂﬁ%ﬁ,wﬁmg%%@o%mWﬁ\
Cootoad (U )+ Coner (s ) A5 HHLEL 570 e AL AL RS B (T
KRB ). B IEAT B A (T F B ) LU B2 4T B A (T FL B ),
Vo (trst) AV 12 KB, Voo () 0 WA S 3
Voo (o) ALK 88 1 R R ).

WaFEAC, (D) TRET, REHARAL BT RS RY A5
Bl ALty R G K.

Cre (t ) =Coott " Vivadeurt (t )

He, ¢, H & AFNME (Value of Lost Load, o/ F & ),
Vi (1) BT 1B (RFCED).

%R A

(1) T TFaA K

D Ve st FPy () st () Vst (1) =Pien ()Y (422)

uyeUy

He, P () HeZl e R A (TS FIE D Ve (1)
KBt TS 5 Voo (£) A2 990 50258, B, () Aot %)
t By AT AE.

(2) Z#RREAK
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Py ()53 Vo (1) P () > (Vi (103t [#V i (0)-¥E (4-3)

NEU NEU
P ()= (Ve (o)) (Ve (ty58) P (1)) 4Py ()52 (4-4)
uy€y uy&y

Her, R (4-12) H EEER AR, KX (4-13) A TS 4K,
Py (O EAERERE (KR ) Py o () THERNTRE Ok
B P (tty) P (0 )28 0 550y WAL 8 B AL BA 47 A1
P

(3) Bk B/ A B

E (Vge,, (1 )) < P (11 ) N (). V1 (4-5)
S, (Vo )= Pa 0,V ). o

Veen (”N’t ) 2V, e (uNﬂt ) B (uN )’Vt’uN (4-7)
Veen (uN’t> <V tine (”Nat)'Pmax (uN )’Vtauzv (4-8)
B, N(uy ) A RB Uy HLAHHLA & 2.
(4) % MALLAL R AZ 4K
Ve (gt 2 Vo (ot )=V e (1) ¥ttty a-9)
(5) FMERH

Vwindcurt (t) = Pwind (t)’Vt (4'10)
(6) Y15 & IR
I/loadcurt (t) = }zlem (t)’Vt (4'1 1)
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ME—: G HE AEA (Short Range Unit Commitment)

MR A A T 4 R R A T 3 TR B A T B R R Y
R, I ETH R ENE R, HERRARTFHFENEME. A
S B EERPBAAB T RN, DL 24 NEE YRGB HA, DL 4 /NEF R
RABEF K, BHEKENHAHA S L BT R], &AMRE RS R EHEHN
22 18] o AR AL B DLRG L Tl 3 T A 1F O 08 AL R EA o xR e A e T
HALZRETZHATHG R B I THEE, RHGENRGERAE

=

H o

SRR &
Sor= Y, Con®F Y Cre® (4-12)

s, C, () o2l Bk, Co(® HMA t RE AR
faR A, T AN 4 AR RE, 48760 /N,

%Rk C, (1) TRET, BHABERA. BREAREA
DRI EAT AR S AR, A EAT R R LA R R A A
CO, HEH R AP 4~

C.. (t)= 2; (imﬂ(uN)Wimn(uNJ)+cmmw(uN)'V@mM(uNJ)

B\ ey () Vg (1)

s, Uy WFANAXE, uy AATFEE. (1),
Cootoad (tyy )+ Ciner (U ) B HANEL KT e AN 2L B 0B A (T2
RECE ) B 3B AT AR (TR R B ) DLR S E 35 4T AR (/8 ECE ).
Vo (tst) H9 WAL B A5 KB, Vo (ul) 72 AL AL & 3
Vo (1ot VL% B 7 RFCB ).
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T 57 AR Cpe (D) i T RET, & i R ALK BRG] I 5
5l A R G
Coc (1) =Cout Vit ()
HA, C Wk AFNE (Value of Lost Load, 7o/ F B ),
Visatewr () I B ORERD).
4 R &M
(1) ZhRFHL K

E Vgen (u t)+Pwmd ( ) Vwindcurt (t)-l_l/loadcu t ( )_deem ( )’Vt (4'13)

He, P () Het ey R A (TS FIE D Ve (1)
KBt TS Voo (£) A2 990 50058, B, () Aot 2]
t By AT AE.

(2) Z#RREARK
Fan()= 3 (Ve (10y58) P (1)} M) (Vi () 1V e ()9 (4-14)

Poaw()= > Ve tyst) S, Vot (5t) Pri (4 )) 4Py (1)¥1 (4-15)

Heb, K (4-14) A EEERAHE, K (4-15) A THEEHH K.
Py ()0 EEERERE KR ) Py o () A THEREXE (K
B P () Py () 20500 550wy HL2 WL K )
e

(3) Bk B/ AR

D (Vo (10 st)) < Py (1) N (1 ).Vt (4-16)

unyUy
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E (Vgen uN’ ) (“N) N(“N)’Vt (4-17)

ury
gen (”N’t) =V ontine (”N»t) Bin (uN )’Vt’uN (4-18)
Veen (uN’t> <V ptine (”Nat)'Pmax (uN )’Vtauzv (4-19)
Hoor, KA UNHAGTAE .
(4) % MALLALRAZ 4 K
Vot (tyst) 2 Ve (1t )V e (1 1) 98520y a-20)
(5) FRERH

Vwindcurt (t) = Pwind (t ) ’Vt (4'2 1)
(6) Y15 & IR
I/loadcurt (t) = }zlem (t)’Vt (4'22)

(2) BHFE

MALEHTREHEANEAREREHZ DR RFHNNEER

HxE. hET, BAEEMINALEGTAT, EUSHTEHANLTFE
P R BT R R VA . Ok, R ALA A AR, E AT
A B AL & SR o 3T RE R VH 4 BN R0 PR o 2T o AT AL AL AL B KK

—]—:’

AL A 6] 8 4 IR B xS T B VR UH 49 B9 R

1D FTENEHEF X

AMAENHALEFAERT, REREHHIETR,
% 4-4 TEMNAESHE

575 RCAINES B K TR#R

MLZH 20 & Befitti 37 ¢ 168 120 AN BB D ZR I, SR e Ve A
BT, A B RN 168 /N (7 KD,
G 120 /NI (5 KD RIMEIE KBTI

MLZH2H & R 1 168 120 F D EI, (CRAKIANHAA S
Ji%, RAGKTEREE N 168 /N (7 KD o
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KATHRRBSI AN 5 R

HLLAZH & 5k 2

168/24

120/4 FENLH AL A SRmE 1 2Rl b, AR i

KETHRTNAE S, Bk (24 /)

B RETHRI, FEHA 4 BRI BRI
BATRINEIE .

2) ¥ANEKEHE
GTEEARENER N EABANZESEK L MELAE 10D
Bhar GIIAESR~I0MEL R, ISP ES R 20100 /IF
T, RGN EHMEI

% 4-5 BRNBREBIESSR

R TR

Sntidg Sa s, BHE AN AR D EOR AR
B 1A A B H IR R DR TR 1A R
B 2 AN A B H IR BN DR I B AR 2 N R
B3 N R B H IR R DB I TR AR 3 N E R
B 4 A7 A BB BN R DR TR 4 S E R
B 5 AN 70 R BB AN RN EOR TR AR 5 AN E I R
B 6 N 70 B H IR BN AL RN BRI T AR 6 S 7
B 7 N E R BB R DR I TR 7 A R
B 8 N 70 B H R BN RN BRI T AR 8 N )
B9 N 70 R BB AN AL RN BRI TR AR 9 N I
B 10 N E 20 5 B H IR BN AL RN EOR T BEAR 10 N H 20
B 15 N 20 s BB EOR AR 15 N E 20 R
B 20 > 20 5 B H IR BN RN BOR B T R AIR 20 N 20

) TERAEGZFE
« RI: oA AR % AL W4 R E X H 88T H N8R

H B35 % PLAHEH R W ) R
S1 B4 46 & B fil 37 % FRli 5

2 (NF B IIRBM, K | p 1 AES S
S3 MtfEt& AR E, B2 ANE A4S
S4 PRI 168 /M (7 [ ke 3 A 49
S5 KD, BB 120 /T (5 KD B& 4 AN 4
S6 BMEIE K BIHRD B 5 AN 45
S7 F% 6 1 E7F
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S8 B 7 AN 5
S9 FE 8 MM E7r
S10 B 9 N E7r
S11 % 10 N HE 70 R
S12 FE 15 NE 7 R
S13 F% 20 4~ B 5 s
ZA AT, DAL 2 A B Al 3 = A OB UL R (B 24 /0 K B I X R E
R, AREBRMAALA AT RNT, AR E & HT /8 IR H 41
B AMERNREINBE LT ANEAREREARRELER
Xo
« KIl: 2 M AENAAE T AN FHERBE NN
"= WAL ET R R B A e 3 5%
Ul EAl 5 BT by
U2 (AEEREBIIZET, K | &5 ANEA S
U3 M et MAERTE U | g0 ArE A
U4 P (A RBEN 168 /N (7 | k& 15 A 43
U5 KD, BEFE 120 DR (5 KD K& 20 AN 45 05
RNBIER BT
U6 PLAH &K 1 Frlig
U7 (EENABIETM, K | fFs5 DNESA
Us RAEKIANAAE TS, itk | B 10 ME S
U9 B IR 168 /NI (T RO\ | B& 15 N 40 A
U10 RERIRSEIN S KD | B 20 NFE 4 A
Ul1 ML A G KR 2 £t
U12 (TENLAH A& 1 IEEAE | P& 5 N E A
Ul13 b, ARSI BRI | B 10 N E S A
Ul4 NEE, EHHEEH 24 | 15 AESA
Uls AN KRR JFHE 4 | g 20 AE 4
/N R LRI TR B 1B
1)

WAoo MEAFERAEAL: —ZEFANERFIHA FER
EAEOERLT (BRREEEEMTR), 20T EAAL 6 R
e RN R, Z RO ENEAHA e R AEFLT, FAMN
B U %ot 3BT B R VH 2 RO
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UEENAL SR ERAET: NAHE SRS 1 MNELESH
B 2 AL H AR RALATT AL RI B R T R o RFIE &,
WU A & A 37 = 7 ) 2% L& B AL T AL R B A R R B o
Bz & HLAH SR 1 AR BEREN 168 Nt (7 X)), K H
XRS5 R ALK 2 AAAA R | WA L,
WEZHFONERFTNEL, EFFZEFH (24 /N KX,
FEE 4 /NI Z T XIHATRIE I, FRHAELE SR 2 7 %
AL AR 1| E ke, A H ey 2HEL, %
IEALAE & R it &

433 ERDR

(1) 7 & % A E R 3R B 73T 86 IR 4 W B v

EMAVEE S TAT, YXERXINA 3000MW B, &HALEK
B VRIEX R G FRERR A 4-2 Fror. T EFEEEEXN REFR
L IERE E A 4-3 FroR.

10%

9% 8.69%
8.04%

8 7.38%
7% 6.74%
6.14%
6% 5.57%
5.03%
5% 4.53%
4.01%
4% 3.57%
3.20%
3%
2%
1%
0%

Eih® BIIESS BRAESS BMESS BN ESR B ESS BeMESS BIMESSR BeMESS BMESS Bl AE’ >R

B 4-2 EHANEREIFES R GEFRERFNE (KA R 3000MW)
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BINES S BAESHA B EAE BN EHE B S BEMTHE BINEAA B EH A BB A BB A

4-3 BEREBEFEAEEIERE TAERESER | MBS ERREFNERRN
PEARIBAE (XUEBZRHL 3000MW)

R, BEFEANHAFEEEE I, RAFRNEFETE, KA

T EAANE R RS &R AR B, KR

3000MW 5L T, FANERERERK - BT, RAaFRERE

’£70.6%, BMEREEER M, FERESEERK -T2 RH,

RAaFANEEREERAD, HHABEREREE m, RERE
ERE—NMELRANERAAFNEREKETRRE .

TR R EENACET, &AL RE R E TR G FRER R,
UBRAERERENRAEFRNENEREE LT AENEENT,
EFANARERER A M, RAFNEHFELEERK. X
HENAZ, ¥ANLEERES R A F N ENEREZRAHA
B, R EFEANLAREREREZBERARTFRAATBRABA. £
AR BN 6000MW B, #HNEFEREL I 1| N80 26,
A5 F NEAREMK 1%,
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u X E54000MW u X EE5000MW m X E26000MW

3
N
2

0%
5%
0% ‘
X
‘E‘E 15% 134 s
] : 117
N 109 10.1
10% 247 8.84
8.28 764
: 7.00 6.58
5%
0%

#iHF BR1PESS BRIESS BIESS BNES S BSTE S BN ES S BT ES S BsMES S B ES S BT ES S

[ 4-4 BRAEREAENREFREOEN (REREEHN)

—8— X, E23000MW —8— [ALE24000MW —— ALEE5000MW —&— X E26000MW

._.
(=]
2
X

B
(=1
(7]

RGEFNE TR
5 § &

=
Q

RINESA BANBESA B3NESA BANESA BN ESA BeNESA BINESA BN BES A BN ES A RIMBESA

4-5 BHRBEAEEHERE TRERESER | MEIRREFAR
HIBERMIRE  (REXEB IR

(2) FRAHAA A X T H ek RHENIF R

T HAAVA R 7 A IR E A Z B IE I T (BRI A 37
=), RANHAH SR, FRNEFEFTNEL, FRENLEE
R R AL IEAT 7 T LB R R S 7 . KEAMLA A & 37
FURKIANEA S GEMIEAEGHE 60720 F KA
A=A MR, RILT KEINEE &R a . KHAAE
e HEHNEALARELA TR AR R, BHARNEFTEE
RERKANAA I, KW T & KB HLAJE & I X
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f, FRREHETNELESHARNENERNK,

u X E23000MW u XLE2.4000MW m RLEE5000MW B X E26000MW

REFERE
3

HBHEEMTR HLALE AL HLBEA T2

[ 4-6 RENLLAAAER T RAFRE
B R EEAKFRE (RERIEERAN) B, XRANALEE

WAFRERNTEAANLREREREm 5 M EL R AR EXANAA
B R 1B RR AN, ERE NN EREANKFBE M, mRFHRX
RAMALaZEmT=, AREAANAL 7N, NEFEHEANAL
AARFRERIER A A EL B RANAL & H | M RAHE
FHME R XA RE, EAANAL LT AT RNEFERLT,
HANE R E RIS T LR A S F IR, RAFEFHA, EFK
BARE, AENTARGHATEERERS, REZERIG 7
R, AR TR VR VE A E R AT A

10% HUBAE
Btz
9%

8% HURE A BT R+
04 INEIESNBE SR
0

6% BB EEMHTRR

o e INBABIONES A

4% AR HALE A ERH
e _ s ng%*——grgﬂ\mﬁﬂé

304 INBEARRISNES S 20BN S

2%

m

0%
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16%
14%
12%

B 10%

£ 8%

K 6%

4%
2%

0%

20%
B 1506
N 10%

5%

0%

& 4-7 AERIRETRGFXNEITEE (KB ZHL 3000MW)

HUABEE
ERins
HAREE BT R
INBSIRESN R R
HUERA A BRI RR
TN NEARIMBETR  japsEmys+e NEAA
EY NEABINESR S+5NE O
200 ETR

&l 4-8 AREIFRIETRGFMNEITEL (X ZHL 4000MW)

HUEEE
ERing

HURB A BT R+

SRS E A
HUBE S BT R+5&
LIBR A R T
. danormsn L nanaEws
e SR
I 20MERA

& 4-9 AEIRETRGEFNEITEL (KB 5000MW)

HBEE
Eitins AR S BT R+R
INEAIESAN B R

HUEBBEERMIA TR
o INEAEIONE DS R ——
= =R REE
NSRS E S S 24.%,]\51%2&;;%
HUEREAE 200hESTR
I I

& 4-10 A EZRIE T REFXESTEE (X ZEHL 6000MW)

K RAAAL &R AT, AL IR R R &) X R 2t R G e
FHNERBAER, ERmeE. ZARRXANEESKE 15,
RAEENREANEARDE AR 5 B2 A8, RHEFRNEERY
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1%, AL E & EMTFRELT, REE AR ENAR/NG A ERKS
MEL R, RRFREREKY 5%.

5.00%

4.50%
4.00% —e—3000MW-HLEAE &%
3.50% . —=—4000MW-HLE

0.50% —A— 6000MW-HlAHH EEHF

BNEAEN BN RNHAEIONESR BNEARISNESS FNEAENTENE

4-11 BRBIFEAREERE TAERESER 5 METRHRFEFRER
PR IR E
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5 “EipFnEW
5.1 FE45P

RELYWMHFTEREATERY, THAINHGFEARZDZHR
EMHAREHEANIEREZ —, R YWMHBRETHEAE
REHAEEENTERANEAR. =8 Uk, HEHER
Wi kR, RE =4 WK EHAFR FREM—H KRG AKX
fRR, 2014 4, 2EFRHFKEE 149 LT RE, 2B THFNFE
8%. 2015 4, Wi, MRFAMMBEALS 2 B KS%, LB BR.
W AR E ZH, T 2015 4 <=4 MK VT FE AR R URH A
Wt —F B, T REIA R 400 2T RE. W3 AL H Sk = B K E
AEARGRHNNEERHAZ —. Gl ok BHLAZ HA GRS, &
FRHE ZHAAEE. B R], M E X E . SR K A T
ERIEAIR, MUPNE N PEHAZHEN, RESLE &) %
M EALTHR, X E &w ) AR5 EMEE, L2 KR 5HIE
JEFT, Bl T VEE IR NS B WK LG B e B RS L #h
ZAE, FARESE REEERRET R E.

F—RE IR REARABEFRFEHNRENE, &K
AERREFERELENER. AFERFAVEFEURE N ER
ZITEERS RENBTREFRBEZTHAFTERTMHEX,
2015 4 3 ATNAW «x THRES HZATRETRIFEEEIEREL KiH L
35S BN K RIEAT[2015]518 B ) A NREFFE W ) B BT,
AR S S RV 49, AniE B ¥ ZATHE T, 7032 AA 3 AME AL
KRB BT G R, ik TR E T, A
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V5 IR 2 ) i R A R A S S T T TR AT R R O AR R R
. BB, B e e TR R RE. KA IR
EEZMENEE RERE P MR R AR E R, RE
BoH T REF IR ETHNFERMARERDF 2 AR, 3
RS EES SR T, UMhERENA X, SERE &L
e, FROERESE BER S, #ATY; Bl AHE, FakR
EARELREITFRE AR ER D &R, RFES WA T HEF AT
BEAE TR, #EMERBZENEFIAT.

F—RENAFAREEAAZ T ARREFTREHAWE
ARE, EoRAME TR EE, TaEATR T EMR IR EH 6
FHAERE, FEERREFANAF KA TR ES HER
AEERWHE. PRKACANEARTIURA. X2 5REWA.
HWHMAHSEIH BRI, RREAERFRELS T, HeLRBEHT &
BAUTHM: —2EEEATNLHREERKELAHT, RELR
R TR EAFE— P A 2 KR ZE AL+ KA
R 7 B 5 VRN B B YR AL, 7 U VIR AL R BR 5K B
A RBERT, TrEREAEFRET P RARGZHUEAELE
B, MEAKEMEATR, FHERFERBEN. —fRABHRHZ
AT HRERE N KB A9 5T 1T 78 K ENF, 2R T
¥ L RE A TR RE T TR, BT REIRH A IR R
X% &R EsZ A RB AN, BRTINRZEELS TREF

— S ARHKRZ PN AR EE. REASZZ2ETHWA
T 3 A An HL 3

BRI THELBTHN TS ERTEREH. FK
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MEARTIWRE. SHAZFEENHN, AFRBEHARHE
TREEM, BEAAEFEFRENERN T HFNERE
RETYHEMANGZIRTZRIRATERER —TBW,
FEEFATRAEE. PEFTHRMAPARFRES REIH. RE
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