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Background )\

U The current drive toward a complete open
electricity market structure, the Saudi
Electricity Company (SEC) is presently dealing
with a special business operating environment
In which some of its major consumers are in a
position to offer and compete for surplus
generation as well as request wheeling of firm

power and/or reserve among their local

facilities using the main grid. /
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U When the company owning the grid also has
ItS own generation, as in the current situation
with SEC, while other major consumers buys
from SEC as well as sell to surplus power from
their local generating facilities, a balanced
pricing strategy is of an extreme importance.

U Such balanced strategy should ensure

perceived benefits to both the buyer and the

seller. /
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Gﬂs Presentation presents a novel pricing \

model for backup reserve and wheeling, which

attains a balanced strategy that ensures

perceived benefits to both the buyer and the

seller.
U The model and the associated computerized

algorithm deal collectively with diverse issues

as follows:

< -/
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6ulfilling local firm real (and reactive) power \

demand requirements.

U Fulfilling local power reserve requirements.

U Buying firm real (and reactive) power from the
grid.

U Buying reserve power from the grid.

U Exporting firm real (and reactive) power
demand to remote load centers via the grid.
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U Exporting reserve Power via the grid.
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Determining Relative Attractiveness for Backup
and wheeling
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{ Principles of Pricing Model: \

U Without loss of generality, the pricing model

assumes interaction between the (SEC) and its

major customers.

U The major customer has its own generation at
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U The pricing structure for

should provide the follo

SEC and its major custo
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me Incentive to SEC to recover both capital and\

fuel\operation costs and profit from the use of its

existing generation facilities or even expand its
existing generation sites in selling power to its

major consumers.

U The incentive to major customer to maintain

\ power purchase from SEC using the main SEC

~grid. /
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backup reserve to its major consumers.
U The incentive to the major customer to refrain
from building its own extra generation capacity to
provide the required backup reserve to its demand

and opt for the reserve power available from SEC
\through Its power grid.
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ﬁhe pricing structure for Wheeling should providé\

the following incentives:

particular demand center.

U The major customer will wheel power among its
various demand centers connected to the grid
rather than selling the excess power directly to
SEC while purchasing the required power at the
demand center again from SEC, or even build the

extra local generation capacity required at the

—

“~
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ﬁe overall pricing problem comprises all entities

dealing with backup reserve and wheeling in the

electricity market.

U The overall pr main
parameters:

1- The cost of
2- The associl ts to power.

generation sites which are paid to external entities

outside the costing model and the revenues from

\ local power sales at various buses by consumers.

.
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U The total annual cost for entity K is given by:

C(k) = Cco(k) +Cf(K) + Ce(k) + Cr(k) + Cwd(k)
+ Cwr((k) + Cl(k) 1)

which consists of the following components:

Ccoc(k) = Annual eqquivalent generation ((both real and
reactive power) capacity addition costs, levelized
using assocated capital recovery factors The
gseneration capacity cover both firtm demand and
reserve requirements.

Cf(k) = Generation fuel (to supply firtn power demand)
and other operation costs.

A
e
[

Cost of importing firtn power from the gnd to
supply local demand

Cr(k) = Cost of imporiing reserve power from the grid to
supply local demand

Cwd{k) — Cost of wheeling firmm power through the gnd
to remote buses owned by the same enftity.

Cwr(k) = Cost of wheeling reserve power through the
srid to some remote buses owned by the same
entity.
Cl(k) = Cost paid to the grid for bus contribution to

network losses.

/
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U The total annual revenue entity K is given by:

R(k) = Rd(k) +Re(k) +Rr(k) + Rwd(k) + Rwr(k)
+ RI(K) 2)

which consists of the following components:

Rd(k) = Revenue from selling power to local demand.
Re(k) = Revenue from exporting firm power to the grid.

Rr(k) = Revenue from exporting reserve power to the
grid
Rwd(k) = Revenue (to grid) from wheeling fees of firm
power.

Rwr(k) = Revenue (to grid) from wheeling reserve.

Ri(k) = Revenue (to grid) from fees related to network
losses confributions by individual buses.
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ﬁe net annual profit (revenue i cost) for entityk

IS given by:

0 F(K)=R(K)i C(K).

U Without loss of generality, the symbol (K)
expressions can be considered to mean the sum

of all buses and\or the grid( being one of the

entities) which owned by particular entity (K)

\ 4
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{UFOF example, the annual cost, revenue and net\

profit can be written respectively as:

Ck)

k)

F(k)
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Implementation portion of SEC power grid:
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Data for pricing simulator taken from PSS as
follows:

FEEETEFTA LTI T T T AT T T LT L FEETETETELTETEXET LT T T LT LT

STMMARY FOR COMPLETE SYSTEM

SYETEM SWING BU2 STUMMART

BUIS H-——--NAME---¥ X¥-—— AREL ---¥ ¥-—— ZONE ---X falil) MyAR MYABALSE
1250 LAYLA GE13.3 17 [ 1 717 1 Zel. 3 -4F & 2420
z5 BUSES 2 PLANTS & MACHIMNES 1z LOADS
47 BRAMNCHES 1z TRANSFORMEERS 0 DC LIMES 0 FACTS DEVICES

H————— ACTUAL -—-—--- n o He-———- NOMINAL --—-—-—- et
T MrAR Hmr MFAR
FROM GEMERATION LoL_ 3 -17.7 LoLk_ 3 -17.7
TO COMNSTAMNT POWEER LOAD Lol.0 Z321l. & Lol.o Z3l. &
TO COMSTAMNT CURRENT o.o .o .o o_o
TO COMNSTAMT ADMITTANCE o.o .o .o o_o
TO BUS SHUNT o.o —EZ_k .o -zl.0
TO FACTES DEVICE SHUNT o.o .o .o o_o
TO LINE SHUNT o.o .o .o o_o
FROM LINE CHARGING o.o Fle_ & .o 217 .4
WOLTAGE He———- LOSSES - ———- e ¥—— LIMNE SHUMTE: -—--X CHARGING
LEVEL ERAMNCHES Hmr MyAR T MrAL MyAR
FE0.0 z 0.41 .37 o.o .o 13E5_ &
13Z.0 31 3.90 4079 o.o .o 1z21. =
330 z o_.an Z3. 46 a.o .o (|
1z_&8 7 o.an 12 23 o.o .o o_o
TOTAL dF 431 g85._8k o.o .o 2le. &
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Sample of user input data (Buses & Backup reserve):

## Code Description Unit
001 | BusID Bus ID-# {Max 5-Digits} #

002 | BusON Bus-Owner ID-# {Sequential 1 ~ 98}, 99 for Grid -

003 | BType Bus Type >> 1:(Load), 2:(Gen), 3:(Slack) #

004 | Pg Real Power Generated at Bus PU

005 | Qg Reactive Power Generated at Bus PU

006 | Vm Bus Voltage Magnitude PU

007 | Va Bus Voltage Angle rad
008 | PrL Local Reserve Real Power at Bus PU

009 | QrL Local Reserve Reactive Power at Bus PU

010 | PrE Export Reserve {Inc. Wheeled} Real Power at Bus PU

011 | QrE Export Reserve Reactive Power at Bus PU

012 | Pd Real Power Local Demand at Bus PU

013 | Qd Reactive Power Local Demand at Bus FU

014 | Pc Capacity of Bus Real Power Generation PU

018 | PrL5 Minimum Reqg. Reserve for Local Real Power Demand PUM
019 | PrLé Maximum Reqg. Reserve for Local Real Power Demand PUM
022 | C3Pc Cost To-Threshold of Bus Real Power Capacity PUM
023 [ PcC Threshold=-Value of Real Power Capacity PU

024 | C4Pc Linear Cost {> Threshold]} of Real Power Capacity PUM/PU
031 | COPg Constant Cost Coeff. for Bus Power Generation PUM
032 | ClPg Linear Cost Coeff. for Bus Power Generation PUM/PU
033 | C2Pg Quadratic Cost Coeff. for Bus Power Generation PUM/PU"2
034 | CPdE Cost for Export Real Power Demand Supply PUM/PU
040 | RPdL Rate for Local Real Power Demand Supply PUM/PU
043 | RPdE Rate for Export Real Power Demand Supply PUM/PU
0de | RPrE Rate for Export Real Power Reserve Supply PUM/PU
049 | CP1 Cost paid to Grid for P-Loss {Bus Contribution} PUM/PU

qqqqqqqqqqq




Sample of user input data (Wheeling): \

i | Code Description Unit
01 |Iwb Wheel-From Bug ID-3 :
02 |wIYPE |Wheeling Type 0:(None), 1:(Demand), Z:(Reserve) b
03 | NP Number of Wheeling Transactions to Follow g
04 | In0l Ist Wheel-To Bus ID-4 b
05 [Pwll Ist Amount of Power to be Wheeled Pl
06 [CwOl | 1lst Cost of Wheeled Power |Paid to Grid) oM/ Bl
07 | w02 2nd Wheel=To Bug ID-% i
08 | Pw02 nd Amount of Power to be Wheeled PU
09 [Cw02 | 2nd Cost of Wheeled Power {Paid to Grid) POM/BU
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Sample of output simulation data (Owner):




