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K
ey N

E
M

 features

•
N

E
M

 covers all participating states:
–

A
 m

ulti-region pool w
ith intra-regional loss factors

–
A

ncillary services, spot m
arket &

 projections

–
A

uctions of inter-regional settlem
ent residues

–
O

perated by N
E

M
M

C
O

 (ow
ned by states)

•
C

om
pulsory participants in N

E
M

:
–

A
ll generators  &

 dispatchable links >
 30 M

W

–
N

etw
ork service providers &

 retailers

•
C

ontestable consum
ers m

ay buy from
 N

E
M
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R
egion boundaries &

 inter-connectors

•
R

egions boundaries selected so that:
–

T
ransm

ission constraints are rare w
ithin a region

–
F

requently-occurring constraints are placed on
region boundaries

•
R

egion boundaries to be reset as required:
–

W
henever a constraint occurs >

 50 hours/year

•
U

nregulated inter-connectors are allow
ed:

–
If dispatchable so that it can bid like a generator:

•
‘D

irectlink’ the first (operating since July 200):
–

180 M
W

 D
C

 link betw
een N

S
W

 &
 Q

ueensland regions
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S
tates participating in the

N
ational E

lectricity M
arket

(N
E

M
)

• Q
ueensland

• N
ew

 S
outh W

ales &
 A

C
T

• V
ictoria

• S
outh A

ustralia
• T

asm
ania (on connection

   to the m
ainland)

N
E

M
 regions are indicated, and their

boundaries need not be on state borders
(e.g. tw

o regions in N
S

W
)

Q
ueensland w

as expected to have 3 N
E

M
regions, but transm

ission augm
entation

is rem
oving the associated flow

 constraints
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N
S

W
, S

now
y, V

ictorian &
 S

A
 regions of N

E
M

:-
transm

ission &
 sub-transm

ission (N
E

M
M

C
O

, 1999)
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N
E

M
 M

odel
(B

ased on N
E

M
M

C
O

, 1997)
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D
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M
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C
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&
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A
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C
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pot m
arket offers &

 bids

•
G

enerators, retailers &
 consum

ers:
–

P
rice-quantity curve (sell/buy) for each half hour:
•

≤ 10 daily prices, quantities changeable until dispatch

–
D

em
and forecasts ‘bid in’ at V

O
LL

•
D

ispatchable links betw
een regions:

–
F

low
 offer curve based on price difference

•
B

ids &
 offers ranked to give dispatch stack:

–
C

onsidering loss factors &
 inter-tie constraints

–
5 m

inute prices set by econom
ic dispatch:

•
H

alf-hourly averages are calculated in ‘real tim
e’



N
ational E

lectricity M
arket D

esign &
 P

erform
ance # 9

©
 H

. O
uthred 2002

N
E

M
 P

re-dispatch, D
ispatch &

 A
G

C

B
id D

atabase

Instructions
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participants

F
orecast

spot prices

C
urrent

spot price

P
re-dispatch

(half-hourly)

E
conom

ic D
ispatch

(5 m
inutes)

N
E

M
M

C
O

 data
(e.g. operating

constraints)

D
ay-ahead bids

from
participants

C
ontinuous

re-bid quantities 
from

 participants

A
G

C
(2 second cycle)

S
C

A
D

A
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B
idding &

 dispatch
(source: N

E
M

M
C

O
)
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e
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 P
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U
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5-m
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 30-m
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C
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E
nergy/R
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M
odelling regulated interconnectors

&
 intra-region location

•
R

egulated interconnector betw
een 2 regions

–
M

odelled by a linearised m
arginal loss function:

•
A

 ‘dynam
ic’ netw

ork loss factor that depends on flow

•
F

low
 lim

its (security or therm
al criteria)

•
Locational effects w

ithin regions
–

M
odelled by ‘static’ netw

ork loss factors (LF
s)

•
A

nnual average of estim
ated half-hour m

arginal losses
for each generator node &

 group of consum
er nodes

–
Intra-regional constraints not m

odelled but a
‘constrained-on’ generator cannot set price
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S
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E
ffect of intra-regional netw

ork loss
factors on spot m

arket outcom
es

R
eference
N

ode
(price p

r )

G
enerator

C
onsum

er

Q
g , LF

g

Q
c , LF

c

G
enerator produces Q

g  &
 is paid p

r x LF
g x Q

g

C
onsum

er consum
es Q

c  &
 pays p

r x LF
c x Q

c  

N
et incom

e is given to netw
ork service provider(s) 

D
ispatch offer price =

 D
O

P
g

R
eferred offer price =

 D
O

P
/LF

g
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C
om

bining dynam
ic inter- regional &

static intra-regional loss factors
(unconstrained link)

R
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R
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A
 ref. node
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A
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T
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)

~
4



N
ational E

lectricity M
arket D

esign &
 P

erform
ance # 15

©
 H

. O
uthred 2002

D
ispatch, P

re-dispatch &
 P

A
S

A

  0    day 1  day 2    w
eek 1     m

onth 1                            year 1        year 2

M
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 T
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 P
A
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P
re-dispatch, re-bid &

 final dispatch schedule
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A

SA
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P
A

S
A

 &
 reserve trader

P
A

S
A

•E
nergy

constraints
•D

em
and

forecasts
•N

etw
ork

capacity

R
egistration of

available capacities
D

ay-ahead 
O

ffers &
 bids

P
re-dispatch

then
dispatch

Invitation to provide 
m

ore capacity

P
urchase of 

m
ore capacity

N
E

M
M

C
O

E
xpected

inadequacy

P
urchased capacity

offered to m
arket

 (usually at V
O

LL)
A

vailable
capacity

S
ettlem

ents
P

aym
ent for 

purchased capacity



N
ational E

lectricity M
arket D

esign &
 P

erform
ance # 17

©
 H

. O
uthred 2002

V
O

LL, V
oE

G
 &

 m
arket intervention

•
R

egional ref. spot price cap at ‘V
O

LL’:
–

‘value of lost load’, initially $5000/M
W

h:
•

N
o single correct num

ber

–
A

pplies if load is involuntarily curtailed in a region

–
O

ther regional reference prices ≤ V
O

LL

•
R

egional ref. spot price floor at ‘V
oE

G
’

–
‘value of excess generation’ initially -$1000/M

W
H

•
C

ap &
 floor m

ay be reduced after 24 hours:
–

If (price x hours)>
 300,000 $/M

W
 then cap/floor

set to ±$300 $/M
W

H
 daytim

e, ±$50 off-peak
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F
inancial instrum

ent trading in support
of N

E
M

•
T

rading in hedges &
 options:

–
B

ilateral trading

–
O

ver-the-counter instrum
ents

–
E

xchange-traded C
F

D
s

•
Inter-regional hedges:
–

S
pecialised form

 of financial instrum
ent:

•
to m

anage regional price difference risks

•
funded by interconnector settlem

ent residues

–
N

E
M

M
C

O
 intercon. settlem

ent residue auctions
•

C
om

m
enced in 1999
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S
ydney F

utures E
xchange C

F
D

s for N
S

W
&

 V
ictorian regional reference prices
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M
arket perform

ance

•
S

eparate N
S

W
 &

 V
ictorian m

arkets:
–

June 1996 to M
ay 1997

•
Interim

 N
ational E

lectricity M
arket (N

E
M

1)
com

bining N
S

W
 &

 V
ictorian m

arkets:
–

M
ay 1997 to D

ecem
ber 1998

•
N

ational E
lectricity M

arket (N
E

M
)

–
F

rom
 D

ecem
ber 1998
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C
o

m
p

ariso
n

 o
f W

eekly V
o

lu
m

e W
eig

h
ted

 A
verag

e S
M

P
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1
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2
0

3
0

4
0

5
0

6
0

7
0

8
0

D
ate

V
ic S

M
P

N
S

W
 S

M
P

S
eparate N

S
W

 &
 V

ictorian m
arkets

W
eekly average prices, 6/96 - 2/97 

V
ictoria

N
S

W
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om
m

ents on outcom
es in

separate N
S

W
 &

 V
ic m

arkets

•
Long term

 average prices w
ere sim

ilar:
–

A
verage prices both ~

 $23/M
W

h for 7/96-5/97

•
P

rices in V
ictoria m

ore volatile than in N
S

W
:

–
W

ider variation in underlying operating costs

–
Inflexible base load plant:

•
V

ictorian pool price w
as zero on occasions

–
V

ictorian m
arket sm

aller than N
S

W
 (~

70%
)

–
S

um
m

er dem
and m

ore tem
perature sensitive in

V
ictoria than in N

S
W
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V
ictorian price-dem

and relationship

•
T

he follow
ing graph show

s V
ictorian

dem
and &

 price data sorted by dem
and:

–
H

alf-hourly data pairs for July 1997 - June 98:
•

prices are in $ per M
W

h, dem
and is in M

W

•
S

om
e correlation betw

een price &
 dem

and

•
E

ffective floor price of ~
6 $/M

W
h

•
P

rices vary for sim
ilar load levels

•
P

rices often low
 but som

etim
es high:

–
Less excess base load capacity than in N

S
W
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1997/98 V
icto

rian
 L

D
C

 w
ith

 P
rice

(tru
n
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 at $200/M

W
h
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D
aily average prices, 1/97 - 11/97

(N
E

M
1 joint m

arket com
m

enced M
ay ‘97)
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D
aily average prices, 12/97- 11/98

(change in N
S

W
 vesting contracts)
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V
ictorian Price D

uration Curves, 94/95 -97/98
(truncated at $300 M

W
h)
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C
om

m
ents on N

E
M

1

•
P

rior to N
E

M
1:

–
P

rices w
ere m

ore volatile in V
ictoria than in N

S
W

•
D

uring N
E

M
1:

–
N

S
W

 &
 V

ictorian spot prices usually sim
ilar

–
A

verage spot prices fell
•

A
dditional com

petitive pressures
–

even the V
ictorian m

arket w
ith 5 com

peting base load plant
m

ay not have been ‘fully’ com
petitive

–
V

icpool 3 in 1994 still had one-w
eek offers

–
N

et flow
 on inter-connector from

 V
ictoria to N

S
W
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P
rice history since N

E
M

 inception
(Q

uarterly averages, 12/98-6/02) (N
E

C
A

, 2002)
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P
rice-dem

and
plots for N

E
M

Q
ueensland &

N
S

W
 regions

 S
ept-D

ec 2000
($/M

W
H

 vs M
W

)
(N

E
C

A
, 2000)
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P
rice-dem

and
plots for N

E
M

V
ictoria &

 S
A

regions
 S

ept-D
ec 2000

($/M
W

H
 vs M

W
)

(N
E

C
A

, 2001)
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B
C

A
 concerns about m

arket pow
er

•
B

C
A

 concerns about E
I restructuring:

–
Insufficient disaggregation of generation:

•
In N

S
W

, Q
ueensland &

 S
outh A

ustralia

–
N

ew
 interconnectors face too m

uch uncertainty

–
N

etw
ork pricing distorted

–
R

egulation cum
bersom

e

•
H

ow
ever B

C
A

 recom
m

ends im
provem

ent
rather than radical change:
–

M
arket design is basically sound
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G
enerator energy m

arket shares (%
)

in N
S

W
 &

 V
ictoria, 1997-98 (E

S
A

A
, 1999)

&
 possible T

asm
ania scenario

0 20 40 60 80

1
2

3
4

5
o

th
er

N
S

W V
icto

ria

T
asm

an
ia

Theory &
 experience suggest ≤ 20%

 share to avoid m
arket pow

er
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R
educing generation to raise spot m

arket price
(dem

and-side response: forw
ard contract or reduce dem

and)
(source: E

risk &
 B

ardak G
roup quoted by J W

ashusen, P
areto)

 

L
Y

A
 cap

acity
red

u
ced

 in
 re-

b
id

 to
 raise

sp
o

t p
rice
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E
vidence of dem

and side response:
N

E
M

 V
ictorian region, 8/2/01 (N

E
C

A
, 2001)
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•
Im

proved netw
ork representation:

–
M

ore (sm
aller) m

arket regions
–

M
ore m

arket netw
ork service providers

–
B

etter locational signals for distributed resources

•
Im

proved ancillary service arrangem
ents:

–
Increased use of com

petitive tendering &
“causer pays”

•
Im

proved bidding arrangem
ents

•
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