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ABSTRACT

American Electric Power is currently in the process of evaluating the benefits of replacing the
evaporators with a reverse osmosis system for producing condensate quality water at one of
its plant sites. Advantages of the reverse osmosis system include improvements in cycle
efficiency and improved water quality. PEPSE heat balance models were used to evaluate
the changes in cycle efficiency for removing the evaporators from service. This paper
discusses the results of the PEPSE studies as well as some of the technical benefits of the
reverse osmosis system.

INTRODUCTION

The plant site consists of five generating units ranging in size from 205 MWN to 585 MWN.
The first four units are subcritical units with single reheat, while Unit 5 is a supercritical unit
with double reheat. Units 1 and 2 are identical, and 3 and 4 are also identical. All five units
currently use an evaporator system for producing condensate quality water used for makeup
of water losses in the steam cycle. Unit 5 also employs a condensate cleanup system to
ensure its water is of an exceptionally high quality required for supercritical units.

The evaporators produce purified water by distillation (the process of evaporating and
condensing a liquid). Extraction steam is used to evaporate the water which is then
condensed in the evaporator condenser (or in the deaerator for Units 1-4). Impurities left
behind in the evaporator are removed by continuous blowdown. Cycle inefficiencies and
some carry-over of impurities are inherent with all evaporator systems.

As a means of improving cycle efficiency and water quality, AEP is considering replacing the
evaporators on all five units with a single reverse osmosis (RO) system to provide the
purified water required for makeup.

The reverse osmosis system is essentially a membrane filter capable of removing dissolved
solids from pretreated water. The RO membrane is designed to have a porosity which limits
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the passage of larger ions but allows the smaller water molecules to pass through. Pretreated
water is diffused through the membrane by application of higher hydraulic pressure on one
side of the membrane to effect flow. The concentrated brine containing the filtered
impurities is routed to waste. The membrane surfaces must be chemically cleaned every 3 to
12 months depending on the incoming water quality and ultimately must be replaced every
three to five years. The reverse osmosis system requires additional pumping power that is not
required by the evaporator system.

The primary advantages of the reverse osmosis system are the improvements in cycle
efficiency and the improved water quality delivered by the system. The improved water
quality reduces scaling on the inside of boiler tube surfaces which prevents overheating and
increases boiler tube life. Also, the reverse osmosis system is capable of producing purified
water when the plant is shut down.

The following section discusses the heat balance study conducted using PEPSE to evaluate
the performance improvements expected by replacing the evaporators with a reverse osmosis
system. The results of this study will be used to evaluate the economic benefits of improved
heat rate and extra generation capacity against the cost of installing the reverse osmosis
system. The operating and maintenance costs of both systems will also be considered in
AEP's economic evaluation.

HEAT BALANCE STUDY

PEPSE heat balance models, developed in the late 1980's and recently converted to PC, were
used to evaluate the effect of heat rate for removing the evaporators from service. Heat
balance drawings, recently developed using PEPSE, were used to present results.

The heat balance study was conducted by comparing the base case heat balance (evaporators
in service) at full load to a case run with the evaporators removed from service for each unit
series. Changes in auxiliary power due to the additional pumping power required by the
reverse osmosis system were not considered in these heat balance studies. Instead the impact
due to aux power is considered on the total plant basis discussed later in this report. The
following is a description of the heat balance study conducted for each unit series and a
summary of the changes noted in cycle performance.

Units 1 and 2

The evaporators on Units 1 and 2 are designed to evaporate up to 27,000 PPH water
using steam from the 4th stage extraction of the IP Turbine. A continuous blowdown
of 10% from the evaporator is required to remove impurities. The base case heat
balance uses the full load evaporation rate of 20,000 PPH, which requires a makeup
water supply of 22,222 PPH with 10% evaporator blowdown. The makeup vapor
flows to the deaerator where it is condensed. A boiler blowdown rate of 3,000 PPH is
included in the base case heat balance which is required to remove impurities carried
over from the evaporator and picked up elsewhere in the cycle.
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With the evaporator removed from service, the heat balance includes makeup water
(treated by the reverse osmosis system) introduced to the cycle at the condenser
hotwell. Due to the improved quality of water, boiler blowdown is assumed to be
reduced by 50% (this is typical of the improvements noted at other AEP subcritical
plants that have recently installed reverse osmosis systems). With the reduction of
boiler blowdown and elimination of the evaporator blowdown, only 18,500 PPH
makeup water is required (to replace steam losses, water losses, and boiler
blowdown). The heat balances for the base case (evaporator in service) and with the
evaporator removed from service are presented as Figures 1 and 2.

Without considering the increase in aux power, Net Unit Heat Rate (NUHR) is
reduced by 22.7 Btw/kwh and generation is increased by 443 KW with the evaporator
removed from service. A summary of the changes in cycle performance for Units 1
and 2 is presented in the following table.

Units 1 and 2 - Change in Cycle Performance
Evaporator I/S | Evaporator O/S | Change
Makeup Water, PPH 22,222 18,500 -3,722
Evaporator Blowdown, PPH 2,222 0 -2,222
Boiler Blowdown, PPH 3,000 1,500 -1,500
NUHR, Btuwkwh 9349.4 9326.7 -22.7
Net Generation, KW 201,470 201,913 443

The improvement in cycle efficiency is due to a combination of: (1) thermodynamic
benefits due to improved utilization of extraction steam, (2) reduction in boiler
blowdown losses, (3) elimination of evaporator blowdown losses, and (4) a shift in
turbine available energy.

The primary gain in cycle efficiency is due to the thermodynamic improvements in
use of extraction steam. With the evaporator in-service, heat taken from the 4th stage
extraction is used to replace heat which would have been provided by the 9th stage
extraction (to deaerator); i.e., steam used to supply the evaporator (enthalpy of 1409.6
Btw/Ib) replaces steam which would have been extracted from the next lower
extraction (enthalpy of 1325.5 Btu/Ib), and thus bypasses a number of turbine stages
resulting in lower turbine output.

The change in extraction steam flow also causes a shift in turbine stage pressures
which results in a change in available energy to the turbines. With the evaporator
removed from service, the IP Turbine operates at a higher inlet pressure. This results
in an increased output from the more efficient IP/LP Turbine which is somewhat
offset by the lower output from the HP/RH Turbine. This effect is minor compared to
the thermodynamic improvements in utilization of extraction steam.
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Of the total improvement in cycle efficiency, approximately 78% is due to
thermodynamic improvements in steam utilization and the shift in turbine work, 17%
is due to reduction of boiler blowdown, and 5% is due to elimination of the
evaporator blowdown.

Units 3 and 4

The evaporator on Units 3 and 4 is designed to evaporate up to 30,000 PPH water
using a mix of steam from the RH Turbine and BFP Turbine exhausts. The base case
heat balance used the full load evaporation rate of 21,200 PPH, which results in a
total makeup water flow rate of 23,554 PPH with 10% evaporator blowdown. The
makeup vapor enters the deaerator where it is condensed. A boiler blowdown rate of
3,000 PPH is included in the base case heat balance.

With the evaporator removed from service, the heat balance includes makeup water
(treated by the reverse osmosis system) introduced to the cycle downstream of the
condenser hotwell. Boiler blowdown is assumed to be reduced by 50% (due to the
higher quality water produced by the reverse osmosis system). With the reduction of
boiler blowdown and elimination of the evaporator blowdown, only 19,700 PPH
makeup water is required. The heat balances for the base case (evaporator in service)
and with the evaporator removed from service are presented as Figures 3 and 4.

Net Unit Heat Rate (NUHR) is reduced by 5.8 Btwkwh and generation is increased by
105 KW by removing the evaporator from service. A summary of the changes in
cycle performance for Units 3 and 4 is presented below.

Units 3 and 4 - Change in Cycle Performance
Evaporator I/S | Evaporator O/S | Change
Makeup Water, PPH 23,554 19,700 -3,855
Evaporator Blowdown, PPH 2,355 0 -2,355
Boiler Blowdown, PPH 3,000 1,500 -1,500
NUHR, Btwkwh 8971.6 8965.8 -5.8
Net Generation, KW 223,355 223,460 105

For Units 3 and 4 there is minimal loss of thermodynamic availability due to use of
extraction steam for evaporation. In the base case, the extraction steam from the RHT
and BFPT exhausts has a combined enthalpy of 1286.3 Btu/lb which replaces
extraction steam provided from the LPT extraction to the deaerator (enthalpy of
1292.9 Btw/lb). The use of the BFPT exhaust steam, with relatively low energy but
suitable pressure required for evaporation of the makeup water, is more efficient than
the use of steam from the next higher extraction as in the cycle for Units 1 and 2.
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The changes in extraction steam result a shift in turbine available energy due to an
increase in RHT exhaust pressure with the evaporator removed from service. This
results in an increased LPT output which is offset by a reduced output from the RHT.
On these units, the shift in turbine available energy has little effect on cycle efficiency
since both the RHT and LPT have nearly identical efficiencies.

The improvement in cycle efficiency with evaporator removed from service is due
primarily to the reduction of boiler blowdown (62%) and elimination of the
evaporator blowdown (19%) with the remaining due to thermodynamic improvements
of the cycle.

Unit S

The evaporator on Unit 5 is designed to evaporate up to 50,000 PPH water using
steam from the 2nd RH Turbine exhaust. The heat balance study was conducted
using the full load evaporation rate of 28,800 PPH, which results in a total pretreated
water requirement of 32,000 PPH with 10% evaporator blowdown. The vapor is
condensed in the evaporator condenser. From the evaporator condenser the
condensed water flows to the feed heater and then to the condensate storage tank. In
order to ensure that the water is of an exceptionally high purity required for
supercritical units, the water is further treated by the condensate cleanup system
before being introduced into the cycle for makeup. The heat balance for Unit 5 base
case (evaporator in-service) is presented as Figure 5.

To evaluate the evaporator removed from service, the pretreated water to the
evaporator was set to zero (see Figure 6). In this case, the pretreated water is purified
by the reverse osmosis system and then sent to storage. For the Unit 5 heat balance
studies, makeup water entering the cycle was not modeled.

Net Unit Heat Rate (NUHR) is reduced by 3.2 Btwkwh and generation is increased by
212 KW by removing the evaporator from service. A summary of the changes in
cycle performance for Unit 5 is presented below.

Unit 5 - Change in Cycle Performance
Evaporator I/S | Evaporator O/S Change
Water to Evaporator, PPH 32,000 0 n/a
Evaporator Blowdown, PPH 3,200 0 -3,200
Water to Storage, PPH 28,800 0 n/a
NUHR, Btwkwh 8§712.0 8708.8 -3.2
Net Generation, KW 587,342 587,554 212
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Use of the evaporator condenser minimizes the thermodynamic losses introduced by
the evaporator in this cycle. The heat used for evaporation is returned to the cycle in
the evaporator condenser which returns the heat to the deaerator. Since the heat is
returned to the same heater from which the evaporator extraction steam normally
supplies, there is minimal loss in thermodynamic availability of this steam. Turbine
stage pressures and extraction flows are nearly identical in the two heat balances
calculated for this cycle.

The improvement in cycle efficiency for removing the evaporator is due almost
entirely to elimination of evaporator blowdown losses and losses in heating the water
sent to storage (this water enters the cycle at 60 F and exits at 120 F). By the time this
water is treated in the condensate cleanup system and sent back to storage it loses its
thermal energy picked up in the evaporation process.

Summary of Results from Heat Balance Studies

On a plant total basis (neglecting changes in aux power), Full load NUHR is
improved by 9.6 Btw/kwh and full load capacity is increased by 1308 KW by
removing the evaporators from service. The following table summarizes the impact
on heat rate and net generation at full load.

Summary of Heat Rate and Net Generation Improvement
for Removing the Evaporators from Service
Unit Heat Rate Net Gen
Rating Effect Increase
(MWN) (Btu/kwh) (KW)
Unit 1 205 -22.7 443
Unit 2 205 -22.7 443
Unit 3 215 -5.8 105
Unit 4 215 -5.8 105
Unit 5 585 -3.2 212
Total Plant 1425 -9.6 1308

Auxiliary Power Requirement of RO System

The reverse osmosis system requires additional pumping power to effect flow through
the filter membrane. The estimated pumping power (based on a recently installed
system) is 300 hp for a 240 gpm system. With total plant makeup water requirement
of 105200 PPH (210 gpm) the increase in additional aux power will be approximately
196 KW. The total plant heat rate increase due to this additional aux power is 1.3
Btu/kwh.
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Thus, when considering the impact on aux power, the total plant change in full load
NUHR is -8.3 Btw/kwh and the net capacity increase is 1112 KW.

SUMMARY

A heat balance study was conducted using PEPSE to evaluate the performance improvements
due to replacing the evaporators with a reverse osmosis system at one of AEP's plant sites.
On a total plant basis (with aux power considered), expected change in full load NUHR is
-8.3 Btw/kwh and the net capacity increase is 1112 KW.

The improvements on a unit basis were most notable on Units 1 and 2. On these units with
evaporators in service, the loss of thermodynamic availability in the extraction steam used for
evaporation is significant. The evaporators on Units 3 and 4, introduce less thermodynamic
losses to the cycle due to the lower energy steam from the BFPT exhaust used for
evaporation. Unit 5 has minimal thermodynamic losses due to use of the evaporator
condenser, but has some losses due to evaporator blowdown and heating of the treated water.

Other advantages of the RO system are improved water quality and the ability to produce
purified water when the plant is shut down. The water from a RO system is of a higher purity
than that from an evaporator system due to the unavoidable carry-over of impurities from the
evaporator moisture separator. The improved water quality reduces scaling on the inside of
boiler tube surfaces which prevents overheating and increases boiler tube life.

An economic evaluation to determine the benefits of replacing the evaporators with a reverse
osmosis system will be performed using the results of the heat balance study. Heat rate and
extra generation capacity benefits, operating and maintenance costs, and the cost of installing
the RO system will be considered in the economic evaluation which will be used to make a
recommendation to management.
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