Chapter 5: Operating Reserve
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Operating Reserve = Spinning Reserve + Standby (ready) Reserve

Spinning Reserve (SR) = Z i max

’I?iapid Start Unit Reserve

Hot Reserve Unit

Standby Reserve: — _
(NonSpinning Reserve) | Interruptible Load

Assistant from Interconnected System
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: Unit Commitment Risk
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P(down) = A.T Pderated)=A,T P(operating}= [~ (A, + 13T




Consider acommitted generating system (System A) consisting of 2 x 10 MW
units, 3 x 20 MW units and 2 x 60 MW units. Let each be a thermal unit having the
failure rates shown in Table 5.1. The ORR of each unit for lead times of 1, 2 and 4
hours are also shown in Table 5.1.

Table 5.1 Faihure rates and ORR

ORRfor lead times of

Unit [MW) ’ (Fr) ! hour 2 hours 4 howrs
10 3 (0.000342 0.000635 0.001370
20 3 0.000342 0.000685 0.001370
&0 4 0.000457 0.000913 0.001326

System B — basically the same a System A but with one of the 60 MW thermal
units replaced by a 60 MW hydro unit having a failure rate of 1 fivr
(equivalent to an ORR of 0.000228 for a lead time of 2 hours). Generally
hydro units have much smaller failure rates than thermal units.

System C—a scheduled system of 20 x 10 MW units each having an ORR
equal to that of the 10 MW units of System A.

@
)
=1
(@)
N
Q)
&N
(=
=
(®
71
g
0
g
o
)
=)
D)
=)
(@)
=z




Table 5.2 Capacity outage probability rabies

Cumilative probability

Capadity System A and ieadrimes of
— System B Sysrem C
Out iMW) in [(MW) { hour 2 héurs 4 hours 2 howrs 2 howurs

0 200 1.000000 1.000000 1.000000 1.000000 1.000000
10 190 0.002620 0.0052383 0.010455 0.004556 0.006329
20 130 0.001933 0.003374 0.007740 0.003192 0000021

30 170 0.000915 0.001829  0.003665 0.001145

40 160 0.000914 0.001826 0003654 0.001142

50 150 0.000914 0.001325 00036438  0.001141

00 140 0.000914 0.001825 00036483 0.001141

70 130 0.000002  0.000007 0000022  0.000004

a0 120 0.000001 0.000005 0.000012  0.000002

120 30 0.000001 0.000003

In order to illustrate the deduction of unit commitment rigk, consider System

A and an expected demand of 180 MW. From Table 5.2, the risk is 0.001938,

0.003874 and 0.007740 for lead times of 1, 2 and 4 hours respectively.
The risk in Systems B and C for alead time of 2 hours and the same load level
are 0.003192 and (,000021 respectively.
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It is necessary m a practical system to first define an acceptable risk level m
order to determine the maximmum demand that a particular commuitted system can
meet. Consider, for example, that a risk of 0.001 is acceptable. If additional
generation can be made available in System A within 1 hour, the required spining
reserve 15 only 30 MW and a demand of 170 MW can be supphied. If the lead time
18 4 hours, however, the required spinning reserve increases to 70 MW and a demand
of only 130 MW can be supplied. It is therefore necessary to make an economic
comparison between spinning a large reserve and reducing the lead time by
maintaining thermal units on hot reserve or mvesting in rapid start units such as
hydro plant and gas turbines.

The results shown in Table 5.2 indicate that the nisk, for a given level of
spinning reserve and lead time, 1s less for System B than for System A, although
the systemns are identical in size and capacity. This is due solely to the smaller failure
rate of the hydro plant. It follows therefore that1tis not only beneficial to use hydro
plants because of their reduced operational costs but also because of their better
reliability.
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Total Risk = Ra + Rb + Rc = (R1 - R0) + (R3 - R2) + (R5 - R4)
RO =0
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: Modeling rapid start unit
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N;}- = number of transitions from state /' to
state / during the period of observation

- ., }- T;= total time spent in state ¢ during the
(f,' W %1) same period of observation.

Ready for service In service

SG Gl e B g, 9 (655 e o958 wsile rapid start axlg SO ioles (sl

D9l oo oola !l > F  Joo

%Jjjdjlﬂjs_l_ﬂaﬂd_:_il\} JIJ_E ('_\){_Ji":;"-’_}‘} MJMGZJLM&_:_LD:T

Fabog, o) abariss V- 5l o ol sais o3, rapid start

AZ8,5 paoal m Cewl Azlg ol g, Hle o (ol,5 8 e (Fails to start

@,
)
=1
(@)
N
Q)
&N
(=
=
(®
71
g
0
g
o
)
=)
D)
=)
(@)
=z

(1,35 Clls SG alen) ais 359, Lol c0gD 53q, adgs aslg a5 0l




T | PN yR &553 L‘F’L"J JLQ..'Z::-] u.:_:_:_? L..SIJ'.’ JBSJLA JM jl oo las_ul

ok
(PN]= [PONIPY %
where =
[P(1)]- vector of state probabilities at time ¢ T—tr  1hr—10min 1=
{P(0)] = vector of initial probabilities n=—=i=— N
{P] = stochastic transitional probability matrix @R
n = number of time steps used m the discretization process. %
The stochastic transitional probability matrix for the model %o
1 2 3 4 @zo
1= (h),+ A e hyoQt — hgdt @u:
(P]= 2 lzidi 1- {}‘EI + ‘hzj}dl l.:;,‘dxt — gl
3 — Ay,dt 1 - (Ryy + Ay 0de Ayqdt Sp
4 | Ry hogpdt — L= (g + Ry %
| =
The value ofdrin {P}] must be chosen judiciously; it must not be so small that
the number of matrix multiplications, 1.e. », becomes too large, but it must not be E
50 large that the error introduced in the values of probabilities becornes too large., g
Avalue of 10 minutes is usuvally satisfactory for most systems. =




I 23 4
[PO)) =[P, O 0O Pyl

where
P4y = probability of failing to start (Pg), i.e. probability of being in state 4
given that it was instructed to start at + — 0. Lo

_ total number of times units failed to take up load
total number of starts

Py,

=Ny /(N + Ny)
= Ay 7(Ag) + Ayy)

Po=1-Pg

_ Py(1) + P (1)
P(6)+ Py(1) + P 1)
P(up)= 1 - P(down)
P()
TP+ Pyl + PO

P(down
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: Modeling hot reserve unit
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rapid start units with the modification that state
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Considering example of System A. In addition to the previously scheduled
on-line generation, let a 20 MW gas turbine be available at ¢ = 0, having a start-up
time of 10 minutes and state transitions per hour of A ;> = 0.0050, A,; = 0.0033.

Mg = 0.0300, Ay = 0.0150, Az = {}.0{]{)3, 133 = 0.0000, ;".-34, = 0.0250, :”-42 =0.0250.

Consider atotal lead time of 1 hour and an expected demand oT 180 MW.
There are two periods to consider: before the gas turbine becomes available

(0. 1 Ominutes) and after it becomes available (10minutes, 1 hour).
(i) Period (0, 10 minutes)

The ORR at a lead time of |0minutes for the 10 and 20 MW units is 0.000057 and
for the 60 MW units is 0.000076. Combining these units as in gives the generation
model shown in Table 5.5. The risk in the first period is

R, = 0.000323

Table 5.5 Generation model for on-line wmits at 10 mimates

Capacity out (MW) Capacityin (MW) Cumulative probability

0 200 1.000000
10 190 0.000437
20 180 0.000323
30 170 0.000152

40 160 0.000152
50 150 0.000152

60 140 0.000152
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(iiy Period (10 minutes, 1 hour)
From Equation {3.!1),the gas turbine has values of
P, =0.0008/0.0033 + 0.0008) =0.195122 and 1 — P = 0.804878

Combining this unit with the generation model shown in Table 3.5 gives the
seneration model for all units at 10 minutes shown in Table 5.6.

From the above values of Pg. the vector of initial probabilities (Equation
{5.10)} of the gas turbine is

[P(O)] =[0804878 0O O 0.195122]

Also the stochastic transitional probability matrix (Equation {3.9)) using the
specified transition rates and discretizing the period into 10 minute intervals is

Table 5.6 Generation model for all units at 10 minutes
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Capadity ot [MW) Capacity in (MW) Cumulative probabiliry

QO 220 1.000000

10 210 0.195474

20 200 0.195382

30 190 0.000208

40 180 0.000185

* 50 170 0.000152

60 160 0.000152

70 150 0.000030

30 140 0.000030




I
(P]=2
3
4

1 2
[0.994167 0.000833

0.002500 0.004167

3

0.000550 0.999317 0.000133
— 0.000000 0.995333 0.004167

4
0.005000"

0.993333

Using the vector [P(0)], the matrix {P} and the matrix multiplication concept
of Equation (5.8) gives the following sequential state probability vectors for the

oas turbine

[P(10 minutes)] = [0.800670
[P(20 minutes)] = [0.796496
[F(30 minutes)] = [0.792353
[P(40 minutes)] = [0.788241
[P(50minutes)} = [0.784161
From [P(50 minutes)] and Equations (5.12) and (5.13)
P(down) = 0.209925
P(up) = 0.790075

0.001434
0.002974
0.004471
0.005975
0.007485

0.000000
0.000000
0.000000
0.000001
0.000002

0.197846]
0.200530]

0.203176]
0.205783]

0.208352]
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Combining the gas turbine having these values of state probabilities with the
generation model of System A for a lead time of 1 hour as shown in Table 5.2 give
the generation model at atime of 1 hour. This is shown in Table 5.7.

From Tables 5.6 and 5.7, the risk in the second period is
R, =0.001129-0.000185 = 0.000944

and the total risk for aperiod of 1 hour is
R = 0.0005323 + 0.000944 = 0.001267

This value compares with a risk of 0.001938 (Table 5.2) if the gas turbine is
not brought into service.

Tabie 5.7 Generation model for all units at T hour
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Capacity ouf (MW) Capacitin (MW% Cﬂmufczn'vg probuability

0 220 1.000000

1 210 3.211995

20 200 (3.211456

30 190 0.001273

40 180 0.001129

.30 S v 0.000914

60 160 0.000914

70 150 0.000193

50 140 0.000192
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: Response Risk
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Unit (MW) | A (f/yr) Prob. Of failure | Response rate
in 5 minute (MW/minute)

10 3 0.0000285 1

20 3 0.0000285 1

60 4 0.0000381 1
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Dispatch A (all valygs in MW)
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5 0.9999619 10000000
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risk = risk (given all rapid start units do not fail to start)
x prob. (all rapid start gnits not failing to-start}
+ rizk (given one rapid start unit fails to star)
b prob. (oneunit failing to start) ++ ¢ »
+ risk (given all rapid start units fail to start)

A prob. (alt units failing to start)

Again sssume that two 30 MW gas turbines are available to the operator as in ()
above, each having a probability of failing to start of 20%. The risk tables sssociaed
with each condition, “both units start,”*one unit starts’ and ' nounits start,
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No wnils Stan CFtg upyr starts Bork units srares
B AW Probabilipy MW FPrbability ME  Frobabifis
10 02999238 40 0.9999238 70 0. 9999238
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0 00000000 30 0. 0000000 &0 0.0000000
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Weighted response riskfor Dispatch B
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