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ABSTRACT: The locational marginal pricing (LMP) scheme
is a commonly used pricing scheme in domestic and
international electricity spot markets. Existing research has
discussed certain economic properties of LMP under specific
market-clearing models. However, current studies lack a
thorough analysis of the conditions under which LMP ensures
properties including interpretability, competitive equilibrium,
cost recovery, and revenue adequacy. The limitations of LMP
require systematic demonstration. When LMP fails to
guarantee properties in actual market clearing problems, it may
lead to significant lost opportunity costs or cost recovery
shortfalls, which is detrimental to the stability of market
operations. Therefore, this paper comprehensively analyzes the
economic properties and limitations of LMP. Firstly, it
summarizes the economic properties an ideal pricing scheme
should satisfy, delineating the property requirements. Then,
based on a market clearing problem that considers multiple
types of market participants, including thermal and
hydroelectric units, this paper derives the price formulation,
systematically organizes the conditions under which LMP
guarantees these properties and proves them. It clarifies the
mechanism by which LMP can satisfy economic properties
under specific market-clearing models or the reasons for
potential property impairments. Finally, this paper constructs
simple and illustrative cases that demonstrate the impairments
of the economic properties of LMP under actual market
clearing conditions, such as the optimality limitation of the
dispatch solutions, the non-convexity of thermal units, the
upstream and downstream coupling of hydroelectric units, and
restrictions on planned electricity, thereby substantiating the
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limitations of the LMP scheme in practical applications.
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adequacy
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ys =1, yy =1, [FEREsifedfE, BRK5HEE
R 1 70(49)—(51) A (57K ik«

0<p <50
0< p, <50
20< p, <90
40< p, <100

Gy L IRAEA AT g, HLZHLAE 2257 B 1) )
T B 18 FE A R B 2 RS HLZEL I B Bl sAs, S LA
SR AR R AN [, 0 ) ) T R ] R
MU bR E R EE I AN E], S BORAE 3 A2 ML
H G3. G4 KEshRIE. JHahtH . F/hH SR
FEOR 4 AR . SRIGETHOHEL R, Gl
G2. G3 il G4 [MEAMEETRES 5519 0. 40, 80
A 40MW: R Giis 47 29 A (50) M1 (5L) H X i afe 1
SR 2 A1, ETF LMP E Cal(20), FiA 112
FIERAN 308 1 A 2 JTCI(MW-h). DU, fE3E4
Wik J5 T, LMP R G3 Fil G4 43 HIFFAE 300 A1 4220
TN AR R s FERCAR ST T, LMP R
G3 Ml G4 ToikFISHAZAT A, 4 AIAE(E 300 F
4220 T BCAR [T R A o

BT FIREB AT R, 42 K AL T
FISAFN G/ IR G F B 3 F1 4 Tk E
INF, T A A 4R R S T I S A [l i T A
T, B, A LMP HURENR, 2 EE
BIRATEEER, PARIEAME 3 5 4 WE NI EK
F AR A B S AT AT SRR, 7 28 5 1 P A Y
BB N B A R T DUGRAIE, B0 JR AR 37 T4k

(57)

P AT RS AT AR O, A e L Bk Tt
FH R (ML o

R 4: FERE 4, BEFGUKER B R
TERN G RE T . AR TR RS0 2 HEAT S BT
WHiE, RBIRG 2 NRAT SRS, T EREE
2 AN KHE (% 1 BRI, GL. G L AMH P
(D10), WHFEAESE WK 2 Frx.

FK HL 32

GL -
0<p,<100MW
275/(MWh)

BT

G2
0<p,<50MW
107E/(MWh)

D1
v d;=60 MW

2 ARG 2

Fig. 2 Illustrative system 2
NAET b, BeoKAL S R LA SR H
TESF A )R R NN R R, RGP L2
(6] AR KRN, 25 R AT b T TRl S Rk FR) 7K
i H0(60), T HIE B 41 20(58)—(61) s
min (2x p, +10x p,) (58)
P+ P, =0, (59)

V, =6x10" +3600x (10-Q,)
V, =8x10* +3600x (Q, - Q,)

(60)

Q=0+s
Q=0 +s,
pp=4xq
p, =4x0,
0<s <5
0<s,<5
0<q <25
0<q,<13
0<p, <100
0<p,<50
1x10* <V, <1x10°
1x10* <V, <1x10°
e Vo ATV K H 1 RIK L, 2 (¥R 2 AR B
Qo A1 Qp Ay (1) HH PR R AR & sy A1 s 9 LG
FKTEAL R g f1 g GL 1 G2 B HLit &AL
o NG FRIFFHTLI A :(61) KK H it K
JE 57K AL RIS AT R PE L0 R

Sy BT 3 H G )R] N 7R 20 3R (60) A1 (61)
IR, GL AT G2 ) F5Y E i FE [n) U5 AN A7 AE
J18 0 HIFIAT 5, REURMF 4 AN . SRAEIZI]
A, Gl A1 G2 iR E 484708 51.11 M

(61)




7 W

FAaEE: T RA B AN LS R 2T A SR 5 R R B 2775

8.89 MW. ZT LMP & X :(20), 74N 6 T
I(MW-h). BEES, 72 RCAR BIWCPE DT T, LMP RALH
G2 ToiE B HAZAT BUAS, £74E 35.56 JT A [E1
SR

BT IR R M el 0, 2455 e K B R
AR FPKPR G2 S ES AT 4 IR 2R, 35
RN T RRAR [ PR FT REAZ 481 (R, 7R LMP
ML R AN, B BEARE AR B, PTARYE %44 4
T 3% A F R SO SRS PTAT IR N, AR
2R B BE N A B A T DLORIE, B
MR T3 EAR IS AT AR, R4k 8 WL B
THAE R AMEM L) -

RIS EZEE 5, FHEFRIBEXT IR T
HIE LRI . AREGIEETIRG RS 3 AT R
Biin g, mBIR% 3 MRS ARG, i Ek
85 2 MHLA(GL. G2)A1 1 AN (D), HRIEI K
FELFT FH 20 504 10 AT 30 MW, T[] 3 Fio .

Gl G2

0<p,<50MW 0<p,<50MW
27C/(MW-h) 57C/(MW-h)
R A s R
=10 MW i e ¥ d=30 MW
D1
;=60 MW

3 TBIR%3
Fig. 3 Illustrative system 3

T3 S R 411 50(62)—(64) T s

min (2x p, +5xp,) (62)

st.p—p,—d =-p; +d; (63)
0<p <50

4

{Os p, <50 (64)

(63 NI P LI (64 AN H 7 L.
TERLAH . b T s R R AT AL, TR AT AR
SRS TR (1) 28 495 1) 26 P A7 240 SR i BT (—petd) M IE
SESEAT 5 AL RIFIZTI IS MR R, Gl
A G2 [ AL FEEFR 2431l 9 50 A 30 MW i 51 1
AN 5 JC/(MW-h). BERF, BLER AL
S 400 76, FH TR A SA 9 300 TG, T
BARN-100 JT, F=EUNEREA 100 76, LMP L
il PN 7o 2 1 A2 45

BT FIREF TR, SRR S8k
i 5 ToiF BT, T A SN T8 2 P ] RE S AR
Rltk, 7EAEH LMP #LE s, & ZLRUEIN 7
AR, R G A T 3 B AR A B A% 1R 5 32

) 2R 8 240 R (a3t A £ 75 AN O T ) R LR
M LB T I 0 T L, WP SR A THRI AL DA
MELRIEAAFAE, R EART, REI T
Wy W HE), B TR AR L R A B SR AN
A B B ) o DL A o

=B 6: EZRG6 T, BICHSE B ) Sl
RS SERR T 4 S I 2B R B A — B A%
FTRBI RS 1 AT RN BT s, T iR
B (49— (51). (53)HI k.

REGI T IS 5 56 2 FE], SKARAT A
IR BN A 99 TEIMW. BB FlSE 23 i 4 Rl
R, ZRERZA RN 30 MW, B RT3 g,
LA BN 20MW, FEURE 6 A2 . Ly, I
RS E AR 1980 76, HTF1igEENM
RIS T 30 MW < R FELASL 45 % T 3 T4
FHIRSCHI N 2970 76, #AFAE 990 JTH™ d A
B, LMP LRI TS RS2 45

BT EIREBI AR, 27 SIS 2 Hl ) <
Rl SR I SERR T I IR O 2Rk A B, R EUR
6 JoiET R, T AT IO TS R M AT BERZ A5
BHlt, £ LMP BLEE O, & ZARIERA TS
AN, EORIESR A 23 PR < R it B AN I T 3
TR T R G IR IR, B8 RARIE LA A ) 2
B X5 SR R O T I LRI FUAN T4 R <
IR o

Zi b, AFZEBIT LMP ML FTRECRIIE £ 5%
VAT B AR 2 B

&2 AREIRGITTSAFREMHLEFTRERIER

KR EMR
Table 2 Economics properties of
the LMP scheme under different cases

ZA0 AR EAREE AR N TR
AiF OBM ORI 2R I EATR YT
11 X X X X v

Y

1 x
2 %2 x x x x v x
3 M3 MEEs \ x x N N
4 1t 4 NN S J J
5 %15 NN V x x
6 %16 \ N N \ x

AT, BB HTEE— B RIE LMP HLIFE
SEBR R SR BRYE, BOBHFERIA LMP I, 5T
WHIEHRA RGBS, TG R IE. TigE
PR BAS BR K T 3 A T AT SRS TV R R E o
P 8 R BRI R M LA ORIE 22 B A R I
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It S 2 1 5 T A ) LMP LB,
T 2324 A SR HL 26 9 2 VR S 2 1 15 9 BR P
MRS, PN BRI 5 TR AR
SRR T A1 SEE SEBRRUT BT LMP L
BIIE B T 252 MR, TS A
IPESEE W, BUE BRI R AR
[, TR T P A . 70 P (70,
BAIE. T B USROS, LR
PEF N F AR, BIICHE . A, ARl
B R T

4 ZEip

ASCA G AR T HL Ty E A L BT e AL 1 B
G VE, RGURIE 19 S bR RN HL] 5
BRYE. WHTERY], AR IE. Wik
JEA PR I BTG RGUIBAT LA 2
RERE ARAFIS S RO BR AN L AT ORAIE P AR
SO IIBIE . BRI NS RIS T
. REIHrERY, —BRWEEER, mignE
PRIBATHRFIE T 37 AR Y 2 AR 1 55 i A S fi 2
PEICIEEAL, AEY IL Br r AR AL T e 3 B A
WA REVEAE e, T ERAAAENL S A BUR . T
Dy EAFAE A BICR AR T 3738 E WU AL dh
WNBRETSE . ASCRF USSR R0, 75 EE Bk
NI A BE AV B AR A R R IF 2 i AMaE
TP PENLHIFETT, B ARl 5E % M T 5E
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