




















































































The cost of incrementally allocated energy is computed by 

applying the cost rates stored in the ECR Fuel Cost File (in 

c;nts;'1>1BTU) to the difference in the number of r>1BTU' s is 

required fo.r unit generation at the levels before and after 

the allocation. (See Section 6.3). 

All.energy generation below the monthly normal low is assumed 

to have a linear cost function. Any allocation of this 

energy is prorated linearly to the total cost of generation 

at the monthly normal low. 

Note: ':'he monthly normal lo\v is used because the hourly 

normal low may radically depart from the monthly level 

(in start-up, etc.). No attempt is made by the ECR 

System to. determine if the difference in the two levels 

is small enough to en3ure the .curve is applicable for 

the hourly normal low. (The use of the monthly normal 

low for the computation of the cost of directly allocated 

energy does not affect the use of the hourly normal low 

as a limit of generation levels). 

Energy generation below the hourly normal low may only be 

allocated directly. 

The cost of allocation = no. of MWH allocated 

monthly normal low 

x (cost of generation at montly 

normal lO\v) . 
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6.1.2 Multiple Curve Units 

Multiple curve units have more than 1 set of generation cost 

curves (usually 2 sets). These units may be units with an 

alternative feed water pump energy source. 

Each set will have an identical number of curves (currently 

4) with the same river water temperature associated with 1 

curve in each set. A curve from each set is applicable for 

incremental allocation purposes in any one hour for these 

units. It should be noted that a 2-boiler unit is not 

considered a multiple curve unit by the ECR System. Since 

the elapsed time involved in changing a unit from single 

boiler operation to double boiler operation is several 

hours, only one of the two applicable heat rate curves is 

pertinent in a single hour. The curve to be used for in-

cremental allocation purposes is determined by the actual 

generation level of the hour. 

The allocation of generation below normal low is identical 

to that for single curve set units (see Section 6.1). 

Incremental allocation is performed using all valid curves. 

A single curve is passed to the economic dispatch routine 

for any dispatch of system generation. 
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The curve to be used is determined by the generati~n level 

of the unit as passed to the economic dispatch routine. 

E. g., for a unit x the limits may be as follows: -

High Generation Level = 600 MW 

·High Curve Lower MWH Unit= 400 MW 

Low Generation Level = 300 MW 

Low Curve Coefficient A1 , B1 , c1 & 

High Curve Coefficient A2 , B2 , c2 

For system generation dispatch when ~he level cf the unit 

determined by the last dispatch (or actual for the first 

dispatch) is 500 MW, the economic dispatch routine would 

received the following unit data: 

High Generation Level = 600 MW 

Low Generation Level = 400 MW 

Curve Coefficents A2 , B2 , & c2 

If the level determined by the previous dispatch routine was 

375 MW the economic dispatch routine would receive the 

following unit data: 

High Generation Level = 400 MW 

Low Generation Level = 300 

Curve Coefficient A1 , B1 , & c
1 
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c 
The decision to change unit data is made within the incre­

mental allo::::a·tion processing as follows: -

i) After dispatch of system generation for a specific 

system load at the delivery points, the new generation 

level of each unit is checked against its prior level. 

ii) If the new level is higher than the cld level and equal 

to the high limit of the curve and a higher curve 

exists, the higher curve is used for a new dispatch of 

the same system load. 

iii) If the new level is lower than the old level and equal 

to the lower limit of the curve and a lower curve 

exists, the lower· curve is used for a new dispatch of 

the same system load. See Section 2.2.2 iv) for cal-

culation details. 

6.1. 3 Supplemental Oil Firing 

lflhen oil is used for supplemental firing· of a u:1i t Ttfhich is 

normally totally coal fired, it is assumed that oil is used 

to raise the actual generation level because of temporary 

physical constraints on the level of coal-fired generation 

attainable. 
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It is, therefore, assumed that the oil fired generation is 

on the highest portion of the heat rate curve. 

This leads to an additional generation cost curve applicable 

for the unit. The basic MBTU = f (MW) equation is unchanged 

but the cents/MBTU rate changes giving a different generation 

cost equation$= g (MW). Since the economic dispatch 

routine uses generation cost curves, a new curve for oil 

generation must be considered in the incremental allocation 

of energy. 

The limits of the oil generation cost curve are established 

as follows: -

i) The number of ~ffiTU's required to maintain the actual 

generation level of the unit is computed using the 

applicable curve. 

ii) The number of oil-supplied MBTU's/hour is computed from 

the heat content of oil stored in the ECR Fuel Cost 

File and the number of gallons of oil burned for the 

unit and hour input by SPPC. 

iii) The number of coal-fired MBTU'sjhour is computed by 

deducting the oil-fired MBTU'sjhour from the total 

required MBTU'sjhour. 
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iv) A solution for the number of coal-fired MWH is found 

using the generat~on cost curve and the coal-fired 

MBTU' sjhour. 

Note: Since MBTU is a quadratic function of ~··1, two solutions 

are possible. The higher of the two is always taken as 

the correct solution. 

The resulting solution is rounded down to the nearest 

r-TtTH. 

v) The coal-fuel curve high limit is set to th~ number of 

coal-fired MWH. 

The oil-fired low limit = coal-fired high limit 

oil-fired high limit = hourly high generation level 

E.g. expanding the example in Section 6.1.2, if it were 

established that the top 50 MW had been oil fired the follow-

ing unit data would be used (1 set at a time) for incremental 

allocation. 

High Low Curve Coefficients 
I I I 

Oil-fired High Curve 600 550 A2' B2' c.,, .... 

Coal-fired High Curve 550 400 A2' B2' c2 

Coal-fired Low Curve 400 300 A1' B1' c1 
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Where A2 , B
2

, c
2

, were the high curve coefficients for 

oil cost 

A2 , B2 , c2 were the high curve coefficients for 

coal cost 

A1 , B1 , c1 were the low curve coefficients for 

coal cost 

The criteria used to determine which curve is to be used or 

that a change of curve is required are identical to those 

defined in Section 6.1.2. 

6.2 Fixed Rate Sources 

The term 'fixed rate sources' as used in this section includes 

purchases (i.e., Purchased Power or Interchange-In trans-

actions), pumped-hydro units and other sources. 

In order to include fixed rate sources as available sources 

for incremental allocation, each source is modelled as if it 

were a unit. 

The normal low for the source is initially set to 0. This 

may be modified by direct allocation of the source as de-

scribed in Section 1.2.1. The normal high is set to the 

scheduled receipt (for purchases) or the generation level 

(for Smith Mountain). The available energy for incremental 

allocation is equal to normal high - ~ormal low. 
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In .order to model a fixed rate source as a unit, a generation 

cost curve (see Section 6.3.1) of the following form is required: 

$ = A I + B I * r1w1l + c I 12 * MV-TH2 

However, as described in Section 7, the economic dispatch 

routine uses the derivative of the generation cost curve. 

This equation is in the form of a straight line as follows: -

d$ = B 1 + C 1 *MWH 
d(MWH) 

Therefore, for economic dispatch purposes, only the B and C 

coefficients of the generation cost curve for a fixed rate 

source need be set by the ECR System. 

The value of the coefficient C is set to the minimum possible 

value that will allow for incremental allocation (i.e. 

convergence of the incremental rate, A ) . 

The value of the coefficient B is set as follows: -

B =fixed rate (in $/MWH) - (available energy*C/2). 
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6.3 Energy Cost Calculations 

6.3.1 Unit Fuel and Maintenance Cost 

The economic dispatch routine uses the B' and c' coefficients 

of the generation cost curve of a unit to determine the 

generation level of a unit. 

The generation cost curve is derived from the heat rate 

curve as follows: -

and 

Heat Ra t.e Curve 
? 

fviBTU = .'f\. + B*r-1w"H + ( C/2) *m·lH-

Generation Cost Curve $ =A' + B'*MWH + (C'/2)*MWH2 

h7here A' = A*Cost in cents/fi1BTU 

B' = B*Cost in centsjtvlBTU 

C' = C*Cost in cents/MBTU 

A is in (r·!BTU) 

B is in ( MB TlJ ;r~vH) 

c is in ( MBTU /MWH
2 

) 

Cost ={151 fuel rate + 152 fuel rate + incremental maintenance 

+ tax} for a unit in estimated cents/MBTU. 
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In order to compute the cost of allocated el1ergy, the heat 

rate curve is used. The generation cost curv~ could also be 

used but the MBTU's and individual cost items are required 

by the ECR system. 

The costs are computed as follows: -

"The total riJBTU' s (MBTU
1

) required by the unit to maintain 

its pre-dispatch generation level for 1 hour are computed 

from the heat rate curve. 

The ·total NBTU' s (i:YiBTU2 ) required by the unit to maintain 

the generation level of the unit determined by the economic 

dispatch routine are computed in a like manner. 

The MBTU' s suppli.ed to the unit used by tha transaction/group 

being processed is r.IBTU
1 

minus !>'1BTU2 . 

Costs of energy allocated to the transaction/group are as 

follows: -

151 Fuel Cost = (MBTU1 MBTU2 ) *151 est. fuel rate 

152 Fuel Cost = (MBTU1 MBTU2 ) *152 est. fuel rate 

Incr. Maint. Cost = (MBTU1 - MBTU2 ) *Est. Incr. Maint. 

Tax = (MBTU1 - METU2 ) *Est. tax rate 
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The estimated fuel and incremental maintenance are stored 

monthly in the ECR files by other components of the system. 

The tax rate for a unit is computed for each reconstruction 

job by multiplying the tax rate in % stored in files by the 

sum of the estimated fuel rates and incremental maintenance 

rates. 

6.3.2 Unit Tax Costs 

As described in 6.3.1, the tax costs associated with an 

allocation of unit energy to a transaction or group are 

always computed. 

After the energy cost computation has been completed, the 

costs are divided amongst the members of the group in pro­

portion to their delivery MWH schedule if required. When 

this process is completed, the costs of allocated energy 

between a unit and an individual transaction are known. 

The tax code applicable to the unit and the locations of the 

unit and the transacting foreign c~mpany are checked for 

applicability of tax. E.g. if the tax code denotes inter­

state and the state locations are identical, the tax cost is 

set at 0. 

If the combination of tax code and locations indicates tax 

is not to be charged, the tax cost is set to zero for file 

storage and reporting purposes. 
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6.3.3 Fixed Rate Source Cost 

As described in Section 6.3.2, in order to allocate the 

energy available from fixed rate sourcP.s, these oources are 

modelled as units. This modelling does not affect the 

method of computing the cost of alloca·tion of a fixed rate 

source. 

The costs are computed by multiplying the fi;~ed rates by the 

r-Tr.VH of allocation. 

For any purchase or interchange source 3 different elements 

of cost rate may exist. 

They are A) Fuel cost rate 

B) Includable non-fuel 

C) Other 

( $/~lH) 

( $/M\•lH) 

( $/MWH) 

From these rates, four allocation costs are computed -

1. Fuel cost 

2. Includable non-fuel cost 

3. Other cost 

4. Total cost 
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Note: Includable non-fuel cost and other cost are normally 

13A 
lcs 

mu·tually exclusive. For purchases or interchange 

sources, the non-fuel portion of the cost is considered 

as includable for receipts of energy made on an economy 

basis. For non-economy receipts, the non-fuel portion 

of the cost is not includable and is counted as other 

cost. 
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Section 7 

ECONOMIC DISPATCH SUBROUTINE 

Yes 

CALL ~CbiS( 
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( 

Subroutine ECDISl 

1. Input 

sources to be allocated incrementally 

i = 1 I ••• N , 

sources not available for incremental allocation 
and their generation level (MW) 

i = N+l, •• ,M 

sources generation limits (MW) 

Li (low) J 
i = l, .. ,N 

Hi (high) 

cost curve slope and intercept for sources to he allocated 
si 2 

y = ~ X + Iix + C 

where y represents cost and x generation (hundred MW) 

si (slope) J l.' --
1, • ·, N 

I. (intercept) 
l. 

axis number for all sources 

f(i) i = l, .• ,M 

loss formula coefficients: Bf(i)f(j), Bf(i)o, B00 
indexed by axis number and expressed in per unit on 
a 100 MWH base 

load to be dispatched incrementally L(MW), measured 
at the delivering points 

2. Output 

system A (incremental cost) 

sources generation level Pi, i = l, .. ,N (MW) 

system losses SL (MW) 

system load error E (HW) 
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3. Subroutine Constants 

t 1 = tolerance for source generation level 
el = .001 (hundred MW) 

t 2 = tolerance for system load level 
e 2 = 10 (MW) 

NS = maximum number of steps allowed 
convergence 

NS = 10 

Ao = 0 

Al = initial incremental cost *) 

for load 

Gi, i = 1, ... ,N =initial generation level for 
sources to be allocated incrementally *) 
(MW) 

4. Computational Definitions 

Let P0 , n = 1, ··#be the generation level for source (n) 
(hundred MW) • 

The tentative coordination equation for source i, 
i = 1 I •• I N, is : 

M 

SiPi + Ii + A(2L Bf(i)f(n) Pn + Bf(i)o)= A 
n==l 

Notice that for n = N+l, •. , M, P
0

=G0 (constant) 

*) When we are able to identify reasonable initial values for 
A! and the corresponding Gi, i = 1, .. ,N, we can transmit these 
constants as input parameters. Otherwise, we should have default 
values like: 

Al = 2 

i=l, .. 1N 
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(_ 

The corresponding system losses are: 

M M M 

SL = I I Bf(m)f(n)PmPn+ I Bf(n)oPn+ Boo 
m=l nal n=l 

The constraint equations are: 

M 

100 ( I P1-SL) =L (system load constraint) 
i=l 

Li Hi 
and 100 ~Pi~ 100 i=i, ••• N 

The solution is found by determining feasible generation 
levels Pi, i=l, •• 1 N1 for successive estimated values of A, until 
the system load constraint is satisfied within a tolerance t 2 • 

For a given A, the feasible generation levels Pi, i=, .• ,N 1 
are calculated to satisfy best the coordination equations. This 
is achieved by using the Gauss-Seidel iterative method. The 
method uses an initial set of Pi, i=l, •. 1 N, and is improving the 
Pi's one after another by solving successively the coordination 
equations and substituting for any solutionof Pi outside its 
feasible range (Li Hi), the range limit closest to it. 

100 100 

The procedure starts with Step 1. 
The initial values are: 

Al and 

i=l, •• ,N 

Pi,o = Gi/100 i=l, .. 1 M 

One Step (i) consists of solving the coordination equations for 
a given Ai and checking the constraint equation, which might 
result in either stopping the procedure or calculating Ai+l 
and going to Step (i+l). 

Step i 

i=l, .. 1 N 
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Part I 

Part II 

(Gauss-Seidel method): 

Part I starts with iteration 1. Iteration ~k) is 
calculatinq p<~l 1 i=l, .. ,N as function of P ~-llfor 
n>i and pJklfoi- n<i, as follows: 

where 

(k) 
If pi 

(k) 
If pi 

. 

.. [PAk'n=l~ .. ,i-1 
p = n 

(k-1) 

Pn n=i+l, • • 1 M 

(k) 
< Li/100 make pi = Li/100 

(k) 
> Hi/100 make p, = Hi/100 

' l. 

(k) (k -1) 

i = 1 I •• IN 

i = 1 I •• IN 

If r pi - pi I ~ e 1 for all i = 1 I •• 1 N I 
(k) 

make p. n= p. and go to Part II. 
l.tN J. 

i=ll •• ,:n 

(k) (k-1) 
If there is a i = l1 •• 1 N such that Jpi- Pi J > e 1 , 
go to iteration (k+l). 

M 

Calculate E = L- 100 <I P· R.- SL ) 
i=l J. I R. . 

M M M 

where SL.9. = L nL_-1 Bf (m) f (n) Prn~ .9. Pn, .2+ I Bf (n) oPn, .9.+ Boo 
m=l n=1 

If IEI~e 2 1 the procedure is finished and: 

{

. system A.=A.9. 

sources generation level Pi=lOOPi,i 
s7stem losses SL=lOOSL.9. 
system load error=E 
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a) 

b) 

A.2.-1+A.2. If .2.=NS take A.2.+ 1=---2---- , calculate corresponding 

Pi,.2.+1 i=l, •• ,N and stop as the step would be the last 

one, and write a message containing the values .2.,A.2._ 1A.2.,E. 

If .2.<NS, calculate a new A for the next step (A.2.+l), as 
follows: 

N N 

If r pi .2. 
i•l ' 

-F r Pi,.2.-l, 
i=l 

AAt= N N 

r Pi,.2.- r Pi,.2.-l 

E 

:t=l. i=l 

and . A.2.+l = A .2. + llA .2. 

Otherwise, A.2.+l = 
A.2.-1+A.2. 

2 
Go to step ( .2.+1) • 
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Subroutine ECDIS2 

( 1. Input 

c 
2. 

3. 

- sources to be allocated incrementally and their 
generation level (MW) 

i=l, •• ,N 
G lt •• I GN 

- sources generation limits (MW) 

- cost curve slope and intercept for these sources 

- system load error E1 (MW) 

system generation should be increased 
system generation should be decreased 

- initial incremental cost A1 . 

Output 

- system A (incremental cost) 

-sources generation level Pi, i=l, •. ,N (MW) 

Subroutine Constants 

€1 = .001 (hundred MW) 

€ 2 = .1 (MW) 

NS = 10 

4. Computational Definitions 

The procedure is similar to the one used in the sub­
routine ECDISl, with the following changes: 

- The system losses are disregarded and thus all coefficients 
B are 0 and therefore all SL' s are 0. 

- The constraint equation is: 
N 

100 ( L Pi) = Ll+ El 
i=l 
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c 
where L1 is the sum of the initial generation of all sources 
available for incremental allocation: 

Consequently, the system load errorE in Part II becomes: 
N 

E=Ll+ El-100( L pi i) 
i=l , 
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5 . Flowchart 

(_ 

lnifia.lt'z.e~ J.0 ,..J.f 1 ~ 4 } ~2-,f'IS 

f!,o = G (./too i.:l,.. N 

J.. = 0 

/nlfia.liz.e: Pt = Pt,l-t i=1, . .J/ 

1<.=0 

, L=l, ... N ,---------

I 

I 
I 
I 

' ' ' I '---------
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