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Simplified Operator's Guidance for a
Cogeneration Plant"

Russell P. Mltschick, P.E.
G. Loren Toole

This article describes a simplified PC-based method which can be
used to guide daily loading decisions typ ically required of cogene ra­
tion plant opera tors. Thi s method has been successfully tested at an
ope ra ting plant, with excellen t results. Its main benefit accru es from
avoidi ng len gthy data prep aration and awkward calculations.

Instead it relies up on a small se t of readily-available aggrega te
statis tics such as the previous week 's gene ra tion and standby ene rgy
cos t which are typi cally logged in a plant contro l room . After in itial­
iza tion, the ope ra tor's program was used to set a monthly generation
" target" for steam and electricity based on historic seasona l demands.

The ove rriding objective was to sa tisfy monthly targets; adjus t­
ments were mad e wee kly to attempt to meet th is goa l. The meth od
wa s design ed to sche dule least-cost ope ra tion for steam an d electric
p roduction within the constraints of pl ant cap acity, cos t of standby
electrici ty and related cos ts such as boiler rarnpup / rarnpdown. It can
be eas ily mod ified to accoun t for different load and cos t patterns.

BACKGROUND

This meth od was developed for use at a Department of Energy com­
plex located in the Southeast US. This facility, which covers an area of
300 squa re m iles, serves as a nuclear wea pons material processor. All
electricity is cu rren tly purchased off-site altho ug h a signi fican t porti on

"Suppor t for develop ing this guide was provided by the United Sta tes DOE.
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wa s previousl y obtained from an on-site coal-fired cogen eration plant
with process steam extracted as a by-product. The plant is rated a t 58.2
MW electric and 350 Kpph output; it utilizes four boilers and six back­
pr essure turbines in the configuration shown in Figure 1.

Sir #1
330 Kpph

Process 380 psi, 460 F

385 psi, 720 F

HP
8.7Mw
ea.

L----I............ ,.."

LP
10.2 Mw
ea.

Figure 1. Boiler and Turbine Configuration

In order to explain the issues and basic terminology involved , we
first review the following topics :

• Problem to solve
• Cost of plant operation
• Targeting

Problem to Solve
Our plant operator was confronted each day with a complex de­

cision i.e. Min imize (Ce + Cs + Cp) subject to demands for steam and
electricity, limits of plant capacity and contract capacity established by
the local utility (the terms are Ce= electric generation cost, Cs= steam
gene ration cost and Cp= purchased power cost).

This problem had been previously analyzed for monthly budge t­
ing purposes, but da ily plant loading wa s more complex. Our cos t
model was already unwield y. Therefore we agreed that a new ap -
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preach was clea rly required.
First, a simple interpolati on of the plant cos t function was not

useful. Man y underl ying factors espec ially demand for steam and elec­
tr icit y were constan tly cha ngi ng and it wa s not pract icable for an
ope ra tor to re-execu te the cos t mod el frequency. The mod el needed to
be tight ly integrated into our sho rt-term load forecasting process.

Finally, we did not want to lose the credibility of our es tablished
costing meth ods by crea ting a new mod el. We ultimately decided to
combin e resu lts from the existing plant cos t and load forecast models
into a system wh ich could be used by vir tua lly anyone with littl e train­
ing. Thi s approach proved to be an excellen t solu tion to the problem .

Cos t of plant operat ion
Our me thod assumed that product cos ts from the cogene ra tion

plant cycle were qua ntified for various levels of dem and . This topic is
gene rally beyond the scope of this article since the method chosen is
spec ific to each plan t and usu ally reflects the ava ilability of different
types of data.

For example, our records d id not allow plant electric heat rate (a
measure of efficiency) to be eas ily calculated , but our cos t method re­
quired it. We we re forced to cond uct a series of contro lled tests ove r
a rang e of load levels to estima te this par ameter. Othe r cos ting meth­
ods a re designed to use differen t parameters (Ref. 1,2).

The actua l cost mod el cons isted of multiple regression equa tions
which were numerically coup led throu gh Ce and Cs. The cos t an alysis
utilized es tima tes of site demand (load factor , peak ) for both steam and
electricity as well as fuel cos t, pu rchased power cos t, and boiler avail­
ability.

Then, an itera tive series of calcu lations were perform ed a t di fferent
plant electric ou tpu t levels to de termine the op tim um gene ration for
given cond itions. At our site, process steam demand was cons ide red to
be a "must-ru n" quan tity d ue to nucl ear safety conce rns . We often gen­
erated a min im um electric ou tpu t of 18 MW whil e exporting 100-200
Kp ph of s team. During period s of higher electric dem and, it was often
ad van tageous to increase electric ou tput above the minimum.

Targeting
Here the term "target" refers to the qu antity of electric need ed to

min imi ze cos ts over a fixed period of time, usu ally a wee k; un its are
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megawatt-hou rs. O ur plant ope ra tors' overr id ing concern p rior to
implemen ting the new meth od was to insu re flexibility in se tting tar­
ge ts. One alternative con sid ered but rejected was to sim ply se t a
mon thly target. This approach did not allow for interim adjus tments
made necessary by forced outages, unforeseen changes in dem an d or
standby electricity costs.

We agreed that a daily targeting meth od was also probabl y too
much refine men t due to cos tly boiler ramping. The method was ult i­
ma tely designed to use weekly tar gets set on Monday, wi th the op tion
of a midweek correction.

METHO D OF ANALYSIS

The most important feature of the ope ra tor 's program was ease­
of-use, pa rticularly in regard s to gather ing prior week's data for in pu t
to the mod el. Only six data items were needed. Two res ults we re di s­
pl ayed as ou tp u t: weekly (to tal) megawatt-hours ge ne ra ted and
average turb in e load in g. Each re- ca lculat ion was au to ma tica ll y
archived for later review. The use r was prompted for inputs through
click-on selections and numeric box entries while en tering the follow ­
ing information:

Year? Month? Week of Month?
Select the time period for analysis. These inputs es tablished the

in terna l calendar, allow ing the program to select a one of thr ee load
pa tterns , depending on season.

Previous week's standby power cost?
En ter the highest standby power cos t quoted by ut ility di spatch­

ers d uring the previou s wee k, dollars per megawatt-hour ($/MWH) .
These da ta were taken from a plant rep ort issued daily.

Previous week's site generation?
En ter the sum of megawatt-hours gene rated on-site during the

previous week. These d ata we re taken from a plant rep ort issu ed
week ly.

Pre vious week's total energy use?
Enter the sum of megawatt-hours cons ume d on-site during the

pr evious wee k. Data were taken from a plant rep ort issued weekly.
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Other da ta not supplied by the operator were required to drive
our program, notably a cost versus load matrix. The cost model was
execu ted for "expected" conditions and then "incremental" conditions
to quan tify the impact on op tima l plant load ing. These results we re
en tered in ma trix forma t as shown in Figure 2.

S/MWH
25 50 75

c. - 20 27,670 29,352 31,035
MW ° 26,370 28,052 29,735

20 25,070 26,752 28,.l35

Figure 2. Optimal Generation

There are several im portan t features shown. First, the table en­
tries represen t elec tric gene ration needed to minimize cos ts for a full
month; units are megawatt-ho urs. We previo us ly referred to th is qu an­
tity as the "target." The left column lists deviat ions from our monthly
peak forecast i.e , - 20, 0 and 20 MW. The top row lists deviations in the
cost of purchased standby powe r i.e, 25,50 and $75 per MWH.

For example, if no devia tion in peak demand occurs and standby
power cos ts are S50/MWH, the targe t is shown to be 28,052 MWH.
The cos t of purchased electric demand is no t considered . Instead, we
assumed that the plant would alwa ys be operated ove r short intervals
of time to avoid creating a sudden increase in purchase demand, and
therefore to avoid util ity ratch et charges.

The information contained in Figure 2 wa s embedded in the
operator's model and became an in tegra l part of the overall targeting
process. Figu re 3 shows the ove rall prog ram flow . Steps 2, 3, and 4
yield key intermedia te resu lts which are discussed next. Entries from
the cost versus load matr ix are selected in Item 2 on the basis of cal­
end ar da ta. The operator program also establishes a "sy nthe tic" prior
week in Item 3 by propo rtioning weekly site energy ove r a unitized
dem and cu rve . The estima ted wee kly peak an d load factor are com­
pared to forecast quan tities.

If there is a devia tion from expec ted cond itions, then a residual
erro r (Ci peak, Ci load factor) is calcu lated . This error facto r is u tilized
in the target inte rpo lation. In practice, this situation alwa ys occurs al­
though the errors are often quite small.
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Figure 3. Program Flowchart

SAMPLE RESULTS

To illus tra te resu lts from our program, refer to Figure 4. Daily
site dem an ds for Jun e, 1996 are shown in the upper plotline, while
cogenera ted power is arbitrar ily assumed to be cons tan t, roughly 840
mega watt-hou rs per day (an average of 35 MW). Also plotted are the
wee kly series of targets needed to op timize plan t output. The " target"
plotl ine shows sma ll week-to-week adj ustmen ts are bein g mad e in re­
sponse to changes in site dem and.

However, by the last week, accumulated generation exceeds the
desired sum of weekly targe ts. The program signals for a ram pdown.
Since this did not occur overall operation wo uld not achieve least-cost
levels. Th is case is somewha t unrealist ic since plant output di verged
from all weekly tar gets, but it illus tra tes the flexibility needed to reac h
a mon thly cost goa l.

Finally, it was necessar y to track savings actua lly achie ved with
this method . Figure 4 illustrated a simple example in which genera tion
was ass umed to ope ra te at constan t ou tp ut for the en tire month. By
compa ring this pr ofile at various load ing levels to the target profile, a
series of savi ngs can be estimated . Figure 5 tabu lates these res ults. The
zero sav ings case ass umes a mu st-ru n electric output of 18 MW and
adequate steam extrac tion to meet site de mand. Using a "flat" profile
acro ss all hou rs, sav ings relat ive to m ust-ru n ope ra tion are shown. At
35 MW outpu t (approxima ting the target in Figure 4) over $40,000 pe r
month is achievable. This sav ings includes both reduced purchased
pow er costs as well as reduced fuel bu rn per un it production of both
steam and electricity.
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Fig ure 4. Generation Target Vers us Si te Demand

Cos t/ Mo. Savings C1 Target
MW OOO's OOO 's MW H

18 1199 a -18,600
26 1189 -10 -11,500
35 1159 -41 -1,300

Figure 5. Estima ted Sav ings

SUMMARY AND CONCLUSIONS

Wh ile the prim ar y goal of th is method is to improve cogen erat ion
plan t econom y, it offers sig nifican t opera tional ben efits by avoid ing
len gthy da ta preparation and aw kward calc u la tion s.

Section 1 ou tlin ed the process of characterizing producti on costs
based on a p re-existing plant mod el. Section 2 described the operato r
p rogr am 's fea tu re s. It was designed to be sim p le to use in ro u tine
p lan t cond itions, and it has proven to be ope ra tor-friend ly. Finally, the
estimated savings stream shown in Figure 5 suggested that costs asso­
ci a ted wi th m ai n taining the softw a re (p r im a ri ly d ata ent ry and
re-cal ibr a tion ) can be eas ily offse t by "ta rgeting" more efficient p lant
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operation. The authors believe this method can be readily adapted to
other plants, if product costs can be accurately estimated.
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