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Abstract 
 
 
Certain controllable losses appear to detrimentally affect heat rate during periods of 

load regulation. It is believed that the performance of different generating units, of 

similar size and design, is impacted similarly by these controllable losses. This paper 

explores using PEPSE to categorize different units based on the detrimental heat rate 

effects of varying main steam temperature and increased reheat attemperation flow. 

 

 

Introduction 
 
Allegheny Energy is currently testing generating units in an effort to determine costs 

associated with operating in load regulation. Allegheny frequently operates its units in 

load regulation; therefore it makes good business sense to quantify if there is an 

associated heat rate penalty that occurs during these periods. Hence, we implemented 

this project to research, and quantify, how much of an impact load regulation actually 

has on unit heat rate.   

 

Prior testing on one of Allegheny Energy’s generating units, Hatfield Unit 1, had 

indicated that fluctuations in main steam temperature, and increased reheat spray flow, 

were the two controllable losses that had the greatest detrimental impact on heat rate 
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during periods of load regulation. Based on this testing, we decided to use these two 

controllable losses as the basis for the series of tests presently being implemented. 

 

This testing was brought about, in part, by Allegheny’s involvement with a Regional 

System Operator. We needed to quantify preliminary heat rate impact costs associated 

with operating in load regulation, on a per unit basis, based on actual test results. In 

addition, we needed to provide Initial cost predictions on fairly short notice.  

 

Since it appeared impractical to test each and every one of Allegheny Energy’s 22 coal 

fired units in the short term, we felt that they could be grouped representatively based 

on the heat rate effects of decreased main steam temperature and increased reheat 

spray flow. Once the groupings were established, representative units from each group 

would be selected, and tested during periods of load regulation, and then equal periods 

of non-regulation. PMAX models that were already operational on these units would be 

used to calculate the heat rate of the units selected for testing on a real time basis. 

Results of the tests would then be compared.   

We decided that PEPSE was the best tool available for quantifying the heat rate effects 

of the controllable losses in question and placing our units into appropriate groups. 

 

 

Discussion 
 
PEPSE models have been built that represent all of the 22 units owned by Allegheny 

Energy. We have steam turbine / generators of different sizes and ages built by various 

turbine and boiler manufacturers. All of our newer units have reheat sections, but a few 

older units do not. Since some of Allegheny’s units are identical in design, there have 

been a total of 15 steam turbine cycle PEPSE models built over the years that represent 

all of our units. All PEPSE models are based on the manufacturer design heat balances.  
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For the actual unit controllable loss impact grouping, 20 of Allegheny’s 22 units were 

considered. Since the remaining 2 units were older, and incapable of load regulation, 

they were not included in the study. 

 

The first part of the PEPSE study focused on determining what impact decreased main 

steam temperature has on heat rate. Of the units considered, the design main steam 

temperature varies from 1000 Deg. F. on our newer units to 900 Deg. F on two of our 

older units. Design gross turbine heat rate, as calculated by PEPSE, was used as the 

benchmark case. The main steam temperature was reduced from design in 5-degree 

increments up to a maximum decrease of 15 degrees. The resulting gross turbine heat 

rate at each main steam temperature was then compared to the benchmark. The 

average heat rate penalty over the sensitivity temperature range in Btu/Kwh/Deg. F was 

then calculated for each unit. The results are shown in Table 1. 

 

Next, PEPSE was used to ascertain what impact increased reheat spray flow has on 

heat rate. Obviously, only units with reheat sections were considered for this part of the 

study. Design gross turbine heat rate, as calculated by PEPSE, with zero reheat 

attemperation spray flow was used as the benchmark case. In order to keep the results 

of units of varying sizes relevant to each other for this study, we decided to determine 

the increase in reheat spray flow for each unit as a percentage of full load heat balance 

throttle flow, rather than at a series of constant reheat spray flow increases in pounds 

per hour. The reheat spray flow was then increased as a percentage of throttle flow in 1 

percent increments up to a maximum of 5 percent of throttle flow. The resulting gross 

turbine heat rate at each reheat spray flow was then compared to the benchmark heat 

rate. The average heat rate penalty in Btu/Kwh/ 10,000 Lb/Hr of reheat spray flow was 

then calculated for each unit. The results are shown in Table 2. 

 

As a sanity check, the results of this PEPSE study were compared to industry average 

heat rate effects caused by main steam temperature deviations and increased reheat 

spray flow as published in the EPRI Heat rate Improvement Reference Manual. The 

PEPSE predicted average effect of main steam temperature deviation for our units 
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operating at 1000 Deg. F. is 1.5 Btu/kWh/Deg. F. This average closely agrees with 

EPRI’s utility average of 1.4 Btu/kWh/Deg F. The PEPSE predicted average heat rate 

deviation for reheat attemperation was 11.2 Btu/kWh/ 10,000 Lb/Hr of reheat spray flow. 

This average value fell well within the sampled utility range as published by EPRI.  
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Results 
 
This PEPSE study enabled us to successfully place our units into representative 

groups for testing based on certain controllable losses. The actual testing will 

focus on how load regulation impacts our ability to maintain controllable losses at 

or near design conditions on units in a given group, and how it impacts our 

operating costs.  

 

Since it was impractical to test all of our units initially, we plan on selecting 

representative units from each group for testing. Once these representative units 

are selected, our installed PMAX real time performance monitoring systems will 

be used to quantify the results of the testing. Since PMAX is presently installed 

on 12 of our 22 units, it is necessary to pick units presently equipped with PMAX 

from each group to expedite the testing.  

 
After analysis of the modeling results, we were able to categorize our units into 

three groups based on the following similarities in heat rate effects: 

 

Group 1: 
• Average main steam temperature deviation effect from 1.5 to 2.3 Btu/kWh/Deg. F 

• Average reheat attemperation flow effect from 2.7 to 8.6 Btu/kWh/10,000 Lb/hr spray flow 

• Units that fall under this grouping include all ten of our supercritical units plus our largest 

drum unit, Mitchell 3.  

 

Group 2: 
• Average main steam temperature deviation effect from 0.9 to 1.1 Btu/kWh/Deg. F 

• Average reheat attemperation flow effect from 14.7 to 33.9 Btu/kWh/10,000 Lb/hr spray flow 

• Units that fall under this grouping include all of our drum type units except Mitchell 3. 

 

Group 3: 

• Average main steam temperature deviation effect from 2.3 to 2.9 Btu/kWh/Deg. F 
• Average reheat attemperation flow effect not applicable 
• Units that fall under this group include all non-reheat units. 
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All of our units fell into groups much as we expected that they would, with the 

exception of Mitchell 3.  This is our largest drum unit. It is a Westinghouse turbine 

/ generator with steam supplied from a Combustion Engineering tangential fired 

boiler. Mitchell 3 has an NSOC rating of 285 MWe. Design main steam 

conditions are 1000 Deg. F at 2400 PSIG, and 1000 degree F hot reheat 

temperature.  

 

The most probable reason for Mitchell falling into a group with the larger 

supercritical units rather than with other drum units closer to its size is the unique 

design of its turbine cycle. What makes it different from the typical turbine cycle is 

that the steam supply for the steam driven boiler feed pump turbines, under 

normal operation, comes from cold reheat steam. Extraction steam is then taken 

from various stages of the boiler feed pumps to supply the #6 and #5 high-

pressure feedwater heaters. The exhaust of the boiler feed pumps is sent to the 

deaerator. The PEPSE model for Mitchell 3 is shown in Figure 1 and the vendor 

heat balance is shown in Figure 2. 
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FIGURE 1: MITCHELL UNIT 3 PEPSE TUBINE CYCLE MODEL
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Conclusion 
 

At the time of this writing, Allegheny Energy had just commenced with the initial 

phase of regulation testing after using PEPSE to group our units. Preliminary 

results are inconclusive.  

 

Hatfield 1 was the first unit selected for testing out of Group 1, which contains all 

of our larger supercritical units. We targeted Hatfield 1 for the initial phase of the 

testing because it was the same unit for which the initial studies were performed 

to determine the effects of decreased main steam temperature and increased 

reheat spray flow. We felt that this would offer the best initial results comparison. 

Also, Hatfield 1 has a well-tuned PMAX system, which enabled us to monitor and 

archive heat rate changes that occurred during testing. 

 

Hatfield 1 was run through a predetermined regulation pattern at its standard rate 

of change. The PMAX system was used to monitor the heat rate of the unit 

during this period. Figure 3 shows a trend plot of net unit heat rate and 

generation during the time frame of the test. The unit was then held at a steady 

load at about the middle of the test band of regulation. The time frame of the test 

at steady load was equal to the time frame of the load regulation test. Again, 

PMAX was used to monitor unit heat rate. During this time, the heat rate settled 

into more of a steady state condition, as expected. The results of the two tests 

were then compared.  

 

Additional units have also been selected and tested from Group 1, as well as 

from Group 2. Based on initial results of the testing, it appears that heat rate 

does increase when a unit is operated in load regulation. Test results indicate 

that the unit’s regulation band, the rate of change, and the frequency of change, 

all have the ability to impact unit heat rate. In addition, the responsiveness of the 

unit control system plays a large part in the ability to maintain controllable losses 

at or near design conditions. Proper control system operation and tuning will 
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minimize controllable loss excursions from design and thus their detrimental 

impact on unit heat rate during load changes.  

 

Initial indications, as figure 3 shows, are that load changes don’t always impact 

heat rate detrimentally. Instantaneous heat rate sometimes improves during a 

load change. During a load increase, extra heat must be put in to the cycle with a 

net effect of a heat rate increase. But during a load decrease, heat already in the 

cycle is used; with a net effect of a heat rate decrease, at least until the unit hits a 

stable non-decreasing load.  

 

At this point the results are still inconclusive. We need to collect, and analyze, 

more data in order to obtain better repeatability. More testing and data 

quantification are planned, in a continuing effort to determine exactly how much 

of an average heat rate penalty is incurred while operating in load regulation. 

Once we determine what the average heat rate penalty is for a representative 

unit in a group, this penalty can then be applied to other units in that same group, 

until such a time that we can test each unit individually.   

 

We hope to prove, with this and subsequent testing, what effect load regulation 

has on operating costs, if any. We anticipate that that both PEPSE and PMAX 

will play a roll in determining how we proceed with future load regulation testing, 

and the quantification of the results of the tests. 
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Figure 3
Hatfield #1
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Summary 
 
This paper demonstrates that PEPSE can be a very useful tool for predicting the 

effects that certain controllable losses have on unit heat rate. PEPSE enabled 

Allegheny Energy to easily compare and categorize our various units based on 

pre-defined controllable losses. From the results of this PEPSE study, we 

initiated a representative testing program in an effort to monitor controllable 

losses and determine heat rate costs incurred by operating a unit in load 

regulation. 
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