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| nnovati ve Steam Technol ogi es (1 ST) designs and manuf act ures
once-t hrough heat recovery steam generators, which are used in
t he power generation sector. The Once-Through Steam CGenerators
(OrSGs) are sinple, continuous flow boilers that convert
feedwater into high purity steam The OTSGs are well suited
technically and economically for conbined cycle, cogeneration
and gas turbine steaminjection applications.

The OTSG has many notable features. A very significant one is
full dry running capability on nost applications, which
elimnates the need for a bypass stack and danper. The OTSG
requires significantly fewer conponents than a typical drumtype
HRSG The installation is acconplished faster and at a nuch

| ower cost due to the relatively high amount of factory assenbly
and testing that is conpleted prior to shipnent. The system has
a once through flow path; therefore no steam drunms or bl owdown
systens are required. Denonstrating a significant inprovenent
over the natural circulation and forced circulation drumtype
units, it offers proven experience and cost savings benefits.
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1.0 Basic Heat Recovery and HRSG Concepts

A Heat Recovery Steam CGenerator (HRSG is the standard term used
for a steam generator producing steam by cooling hot gases.
HRSGs can recover energy from any waste-gas stream such as

i nci nerator gases, furnace effluents, reciprocating engine
exhaust or nore commonly from gas turbine exhaust. Waste heat
is a very desirable energy source as it has a significant anmount
of usable energy and it is basically cost-free. Prinme candi dates
for HRSGs are plants where process streans produce high

t enperat ure gases, which nmay be harnessed to produce steamor to
heat water. Even if the steamis not required for process, it
may pay to produce the steamfor sale to other industrial firns
or used to produce electricity for in-plant use or sale to a
utility.

Originally devel oped as sources for waste heat recovery not
requi ring fuel consunption, HRSGs have becone sources of energy
t hensel ves, as they are often required to produce a constant
supply of steamregardl ess of the anobunt of waste gas avail abl e.

Today, the HRSG is the critical |ink between the gas turbine and
steam turbine in conbined cycle and cogeneration plants. Oaners
and Owner’s Engi neers are now placing nore design and

optim zation effort on the HRSG

1.1 HRSG Design

The basi ¢ HRSG consi sts of an econom zer, evaporator and
superheater. These are tubular type heat exchangers with
the working fluid (water/steam on the inside and the
exhaust gas on the outside. Because the exhaust gas froma
gas turbine is very clean, it is possible to use finned
tubes to inprove heat transfer and reduce the HRSG si ze.
The type and size of fin used depends on various design
paraneters including exhaust gas constituents and

t emper at ure.
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The design philosophy is to exchange heat fromthe exhaust
gas to the fluid at the highest tenperature difference
avail able. This is acconplished by maki ng the exhaust gas
and the fluid (steanfwater) tenperature gradients as nearly

parallel to each other as possible. This is illustrated in
Figure 1.
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Figure 1 — Exhaust Gas and Water/ Steam Diagram for a Single

Pressure OTSG
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The design paraneters required by HRSG manufacturers can be
summari zed as foll ows:

a) Gas Turbi ne Mde

b) Gas Turbi ne Exhaust Fl ow

c) Gas Turbi ne Exhaust Tenperature

d) Gas Turbi ne Exhaust Constituents
The nost inportant constituent is water (H:O as a higher
noi sture content increases gas enthal py (nore heat
avai l able) and results in higher heat transfer
coefficient.

e) Fuel Gas Conposition
This is required for supplenentary-fired units.

f) Feedwater Tenperature
Has a mnor influence on steamoutput but is vital in
selection of tube and fin materials in the HRSG cold
end.

g) Steam Pressure(s)

h) Steam Tenperature(s)

i) Steam Qual ity

]) Required Steam Fl ow(s)

k) Allowable Gas Side Pressure Drop

| ) Bl ow Down Rate
The di scharging of saturated water to naintain the
required | evel of total dissolved solids (TDS) in the
drumwater. Not applicable to Once Through Steam
Cenerators.

The cal cul at ed paraneters incl ude:

a) HRSG geonetry and heat transfer surface area
b) Heat Transfer Coefficients
c) Actual Steam Fl ow
d) Thernmal Losses
All HRSGs | ose heat to atnosphere fromthe surface.
e) Actual Gas Side Pressure Drop
An addi tional gas side pressure drop of 4 inches WG
results in approximately 1% decline in the electrical
power output of the gas turbine.
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1.2 Comon HRSG Ter ns
a) Pinch Poi nt

Pinch point refers to the difference between the gas
tenperature | eaving the evaporator section of the tube
bundl e and the saturation tenperature corresponding to the
Ssteam pressure in that section (Figure 2). Lowering the

pi nch point results in an increase in the total heat
recovered in that section. To |ower the pinch point, the
HRSG requi res additional heating surface area to be added.
This results in an increased capital cost, and a subsequent
i ncrease in gas side pressure drop.
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Figure 2 — Pinch Point Di agram
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The amount of surface that is required to reduce the pinch
poi nt increases dramatically as the pinch point drops. As
Figure 3 indicates, noving froma pinch point of 25 F to 10
F requires approxi mtely 32% addi ti onal surface. For
unfired HRSGs, the optinmm pinch point ranges from10 F to
30 F. For the HRSG to be optim zed the plant designer nust
determ ne the val ue of steam produced ($/1b) so that the
HRSG per formance and cost can be optim zed.

Effects of Pinch Point on Heating Surface Requirements
and Steam Flow
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Figure 3 — Effects of Increased Pinch Point
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b) Approach Tenperature

The approach tenperature is the difference between the
wat er tenperature | eaving the econom zer and the saturation
tenperature of the evaporator. Lowering the approach
tenperature results in nore steam production but al so
requi res nore heat exchange surface and a subsequent
increase in cost and gas side pressure drop. For natural
circulation and forced circulation HRSGs, it is desirable
to maintain a mnimum approach tenperature to prevent
generating steamin the economzer. Steamng in the
econom zer should be avoided to prevent steam plugs, flow
instability and tube wall tenperature cycling. Typical
approach tenperatures are approximately 25 F

Approach tenperatures do not exist for Once-Through Steam
CGenerators, as there is no distinct boundary between the
econom zer and evaporator sections.

Single Pressure HRSG
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Figure 4 — Approach Tenperature D agram
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2.0 HRSG Conponents

2.1 Preheaters

Preheaters are usually gas to liquid heat exchangers used
to recover additional energy fromthe exhaust gases.
Typically preheaters are |l ocated at the cold end of the
HRSG t o absorb | ow grade energy fromthe exhaust gas. The
nost conmon application is to preheat condensate prior to
entry into the deaerator as shown in Figure 5. This
reduces the amount of steamrequired for deaeration.

Due to the low gas and fluid tenperatures associated with
preheaters, there are concerns related to water dewpoi nt
corrosion and acid dewpoi nt corrosion.

a) Water dewpoint corrosion can occur when the preheater
metal tenperatures are bel ow the water dewpoint.
Qperation of sections at this condition will lead to
accel erated corrosion of carbon steel and stainless
steel heat transfer surfaces (tubes and/or fins). Wth
t odays steam and water injected gas turbines, water
dewpoi nt corrosi on has becone nore of a concern.

b) Acid dewpoi nt corrosion occurs when fuels fired contain
trace quantities of sulfur. This forms sul fur dioxide
(SQO,) sonme of which converts to sulfur trioxide (SG).
The SO; conbines with water vapour in the exhaust gas to
formsulfuric acid, which creates the potential for
| ocalized corrosion in colder sections of the
preheater. Materials nust be carefully selected to
operate in this environnent.

To avoid this corrosion in the HRSG it is also possible to
i ncorporate external water to water preheaters. The boiler
feedwat er | eaving the deaerator can be used to preheat the
i ncom ng makeup water. This systemis attractive if the
wat er tenperature ranges from40 F to 60 F as the size of

t he heat exchanger can be kept small due to the high
tenperature differences. |If the makeup water enters the
HRSG at a tenperature close to the deaerator tenperature
(190 F to 215 F) this option may not be justified.
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Figure 5 — Preheater Located in HRSG
2.2 Econom zers

Econom zers are gas to water heat exchangers used to
preheat the boiler feedwater prior to entry to the
evaporator. There nmay al so be sone corrosion concerns in
this section, depending on the entering feedwater

t emper at ure.

The econom zer in a single pressure OTSGw || be | ocated
directly upstream of the evaporator section. 1In a multiple
pressure HSRG the econom zer section can be split in many
sections upstream of the evaporator for the nost econom cal
arrangemnent .

2.3 Evaporators

The evaporator or boiler bank is a gas to wet steam heat
exchanger that generates saturated steamfromthe boiler
feedwater. The evaporator is placed between the econom zer
and superheater sections.
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The water/ steam m xture | eaves the evaporator and enters a
steam drum t hrough pipes called risers. The steamdrumis
a cylindrical pressure vessel nounted at the top of the
boiler. Once inside the drum nechanical devices such as
cycl ones and/or screens separate the water/steam m xture.
The dry steam | eaves the drumthrough pipes leading to the
superheater. Steamfree water |eaves the steam drum

t hrough pi pes (or tubes) called downconmers and is

recircul ated through the evaporator section. It is
inportant that dry steam enter the superheater because

wat er droplets contain dissolved solids, which will deposit
on the inside of the superheater tubes. Deposits on the

i nsi de of superheater tubes will cause tube netal
tenperatures to rise, and nay eventually |lead to tube
failure.

2.4 Superheaters

Superheaters are gas to dry steam heat exchangers that
gener ate superheated steam The superheater can consi st of
ei ther a single heat exchanger nodule or nultiple heat
exchanger nodules. Miltiple superheaters usually have sone
type of steamtenperature control between themto prevent
excessive netal tenperatures in the final pass and to
mnimze the possibility of water carryover to steam

t ur bi nes.

3.0 Saturated Steam vs. Superheated Steam HRSG s

3.1 Saturated Steam HRSG

When water boils, both it and steamare at the sane
tenperature, known as the saturation tenperature. For each
boiling pressure, there is only one saturation tenperature.
Therefore, during the boiling process, tenperature renains
constant, even though heat is being added. The saturated
steam HRSG wi | | consist of only an econom zer to preheat
the feedwater and an evaporator to produce saturated steam
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4.0

3.2 Superheated Steam HRSG

As |l ong as steam and water are in contact, their
tenperatures will renmain the sanme. To raise the
tenperature of the steam it nust be superheated by raising
the tenperature of the steam out of contact with the water.
The saturated steam produced in the evaporator is sent to a
separate heat exchanger referred to as a superheater

Single Pressure vs. Miultiple Pressure HRSGs

4.1 Single Pressure HRSG

The sinplest design is the single pressure, unfired HRSG
The superheater, evaporator and econom zer have to be

pl aced in descending fluid tenperature along the gas path.
The saturation tenperature of the evaporator limts the
anount of heat that can be absorbed fromthe exhaust gas.
The exhaust gas tenperature | eaving the evaporator cannot
be | owered bel ow the steam saturation tenperature. This is
illustrated in Figure 6.
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Single Pressure OTSG
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Figure 6 — Single Pressure OTSG

4.2 Miltiple Pressure HRSG

Addi ng additional pressure levels in the HRSG can increase
t he amount of heat that can be recovered fromthe exhaust
gas. As the saturation tenperatures are |ower at
successive pressures, the stack tenperature can be | owered.
The nmultiple pressure scenarios are useful and econom cal
if steamat the various pressure levels can be utilized for
applications such as nultiple stage steam turbines,
deaeration, feedwater preheating or gas turbine steam

i nj ection.

In a nmultiple pressure HRSG the general |ocation of
econom zer, evaporator and superheater is maintained, but
vari ous sections may be interchanged so that a nearly
parall el relation between the tenperature gradients is

achieved. This is illustrated in Figure 7.
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Triple Pressure OTSG + Preheater
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Figure 7 — Multiple Pressure OTSG

5.0 HRSG Types

5.1 Natural G rcul ati on HRSG

In a natural circulation HRSG gas turbine exhaust flows
past vertical tubes. Crculation is nmaintained by the
density difference between the saturated feedwater supplied
t hrough a downconmer to the | ower drum or evaporator tubes
and the water/steam m xture flowng to the steam drum

t hrough risers.
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SUPERHEATER ECONOMIZER

EVAPORATOR

Figure 8 — Natural Circul ati on HRSG

Natural circulation HRSGs are available in alternative
designs in order to achieve the nost econom cal option.

The options are as foll ows:
a) Integral steam drum

This type of HRSG is supplied for gas turbine sizes
approximately 50 MV and | ower. The HRSG i ncor porates

i nternal downconers to mnimze the Iength of the steam
drum The HRSG boi |l er bank section can be shipped to
site in a single conponent, mnimzing field erection.
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Steam Drum

\Cjé Lower Drum

Figure 9 — Integral Steam Drum

b) Separate steam drum

When the |l ength of the steamdrumis beyond shi pping

cl earances, a separate steamdrumis sent to site and
connected in the field to the evaporator section. The
evaporator section is conposed of nultiple nodul es nmade of
top and bottom headers with tube rows connected to them
The evaporator section nust be connected to the steam drum
with risers to rel ease steam and wi th downconers to be fed
wth water. These HRSGs are typically supplied for gas
turbine sizes in excess of 50 MW Al t hough supply prices
are lower than integral drum designs, erection costs are
much hi gher due to the ampunt of interconnecting piping.
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Steam Drum

Risers

i%é Downcomers
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Figure 10 - Separate Steam Drum

Natural circulation HRSGs tend to be sinpler and |ess
expensive to operate than forced circulation HRSGs due to
t he absence of circulation punps.

5.2 Forced Circul ati on HRSG

In a forced circulation HRSG the gas turbine exhaust flows
vertically past horizontal tubes. GCrculation in the
evaporator section is maintained with a circul ati on punp.
Circulating punps circulate the steamwater m xture through
t he tubes of the evaporator to and fromthe drum

Recircul ati on punps nust be |ocated at a | evel far enough
bel ow the steam drum so that the static head acting on the
water inlet to the punp is sufficient to avoid difficulties
W th cavitation.
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Figure 11 — Forced Circul ati on HRSG

Traditionally, nmost HRSGs in Europe have been specified as
forced circulation. The advantages of forced circulation
HRSGs over natural circulation HRSGs are smaller footprint,
natural drainability and decreased startup tinmes. The
difference in cold start up tines is not |large due to the
fact that nost of the start up tinme is spent heating up the
metal and the evaporator water (common to both designs).
There is a small reduction in hot restarts due to the
circulation of water in forced circul ati on designs, but is
not considered significant.

S
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5.3 Once-through steam generator (OTSG

In a once-through steam generator, the gas turbine exhaust
fl ows past vertical and/or horizontal tubes. The OTSGis
basically a continuous tube in which preheating, boiling
and superheating occur. The evaporator section is free to
nmove t hroughout the bundl e depending on the operational

| oad. OISGs elimnate the need for the steamdruns, |eve
controls, blowdown and recircul ati on systens. Startup
times can be greatly reduced due to the absence of thick
wal | ed pressure vessels and the steam drum water inventory,
whi ch requires heating.

The OTSG has all the benefits of the forced circulation
HRSG wi th the added benefits of no circulation punps and
decreased start up tines.

Feedwater In

M)

~ )

C ECONOMIZER
)

C
)

a

( ) EVAPORATOR
)

C
)

C SUPERHEATER

N Superheated Steam Out

Figure 12 — Once Through Steam Generator (OISG
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6.0 Unfired HRSG vs. Fired HRSG

6.1 Unfired HRSG

| f the exhaust energy |leaving the gas turbine is sufficient
to produce enough steamto neet requirenents, an unfired
HRSG i s sel ected. Dependi ng on the exhaust gases, steam
conditions can range from 150 psig to 1500 psig and from
saturated steamtenperature to 1000 F superheated steam
The final steamtenperature can be up to approximtely 50 F
bel ow t he turbi ne exhaust gas tenperature with typical gas
tenperatures |l eaving the gas turbine from850 F to 1200 F

The performance of unfired HRSGs are driven by the gas
turbi ne operating condition and cannot easily provide steam
for pressure control.

6.2 Supplenmentary Firing

The primary purpose of supplenentary firing is to add heat
to the process gas stream Supplenentary fired HRSGs are
requi red when:

a) The gas turbine exhaust changes due to changes in
anbi ent tenperature and the steamrequirenents cannot
be net.

b) The gas turbine exhaust changes due to | oad changes and
the steamrequirenents cannot be net.

c) The steam demand increases w thout any change in the
gas turbine exhaust.

d) The gas turbine is conpletely down but steamis stil
needed. This is referred to as fresh air firing and is
descri bed bel ow.

e) Wen the desired steamflow or final steamtenperature
cannot be achieved with the avail able heat fromthe gas
turbine, then supplenental fuel firing is necessary.
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The exhaust gas typically has enough oxygen to sustain
stabl e conbustion as the oxygen content of gas turbine
exhausts range from about 14%to 16% oxygen by volume (if
steamis injected into the gas turbine for NOx control or
power augnentation, the oxygen content of the exhaust
decreases). |In-duct or duct burners can easily be
integrated into HRSGs.

The duct burner consists of several burner rows nounted
inside a steel frame. Each row conprises a gas
distribution pipe with pre-nounted flame stabilizing
shields. The duct burner is designed to mnimze gas side
pressure drop, usually around 0.5" HO

A uniformtenperature and flow profile in the duct upstream
of the duct burner is crucial to ensure a uniform

t enperature downstream and em ssions wi thin predicted
limts. HRSG manufacturers flow nodel all steam generators
i ncorporating duct burners to try and prevent any probl ens
downst ream of the duct burner.

Al t hough duct firing can easily double the steam production

of an unfired HRSG there are also design inplications such

as:

-  Hi gher cost superheater tube and fin materi al

- Longer inlet duct to allow conplete conbustion of the
suppl enental fue

- Increased insulation thicknesses on burner duct walls

- Burner managenent control systemto prevent overheating
t he HRSG

- Addition of a fresh air fan if there is insufficient
oxygen in the turbine exhaust to sustain conbustion

6.3 Full Firing

Afully fired HRSGis a unit having the sanme anount of
oxygen in its stack gases as an anbient, air fired power
boiler. The HRSGis essentially a power boiler with the
gas turbine exhaust as its air supply. Steam production
can range up to six or seven tinmes the unfired HRSG st eam
production rate. As the turbine exhaust gas is basically
preheat ed conbustion air, the supplenentary fired HRSG f uel
consunption is less than that required for a power boiler
provi ding the sane incremental increase in steam
generation. Fuel requirenents for the fully fired HRSG
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W ll usually be between 7.5% and 8% | ess than those of an
anbient fired boiler providing the same increnental steam
capacity. Although fully fired HRSG s provide | arge

anounts of steam few applications are found in industry.

6.4 Fresh Air Firing

Fresh air firing refers to the introduction of atnospheric
air (fresh air) to support conmbustion if the gas turbine
stops. This addition is suggested in critical steam
production applications. Fresh air can be supplied to the
HRSG in two ways:

a) Forced Draft (FD) fan

When a significant drop in gas turbine exhaust flowis
sensed, an FD fan is started. A double |ouvered, or
guillotine danper with seal air is used to prevent hot
gases fromgoing to the fan when it is not in operation and
the gas turbine is running. Additionally, a diverter
danper prevents air fromleaking into the gas turbine
ducting when the fan is running and the turbine is off.

Swi tchover tinme fromnormal operation to fresh air firing
IS a concern.
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Diverter Damper
and Bypass Stack Exhaust Stack

Gas Turhine Duct Burner

HRSG

FD Fan .
Isolation Damper

Figure 14 — FD Fan Fresh Air Firing Application

The transition to fresh air firing can be nmade by either manual
or automatic means. Described bel ow are the nbst common:

Manual :

1) Turbine trip

2) Duct burner trip

3) Gas turbine bypass cl oses

4) Fresh air firing selected at burner BMS

5) Start FD fan(s)

6) Open fresh air isolation danper. Limt switches on the
danper shut off the sealing air fan.

7) Start duct burner

Aut omat i c:

1) Turbine trip

2) Duct burner goes to mnimumfire

3) FD fan(s) start

4) FD fan(s) discharge pressure exceeds main duct pressure

5) FD fan(s) isolation danpers open

6) Gas turbine bypass danper cl oses
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7) Fresh air danper sealing air fan shuts down
8) FD fan(s) isolation danper proven open

9) Bypass danper proven open

10) Ensure duct burner elenent pilots energized
11) Ensure duct burner main elenents |it

12) Duct burner released to nodul ate

Wil e the manual systemcan take up to five mnutes for the duct
burner to be released to nodul ate, the automatic sw tchover can
be conpleted within approximately 60 seconds fromturbine trip.
| f accurate data is avail able on the gas turbine spin down and
it can be verified that adequate air is provided during the
entire transition, systens have been designed that maintain
steam pressure (or flow) during the transfer.

b) Induced Draft (ID) fan

It is possible to reduce the switchover tine by incorporating an
i nduced draft fan behind the HRSG which operates continuously.
The I D fan reduces the backpressure on the gas turbine during
normal operation and nmust be designed for the conplete

resi stance of the HRSG when the gas turbine is off line. The ID
fan al ways operates at full |oad and has no tinme constraints at
comng to full load Iike the FD fan. The di sadvantage of the
extra power consunption required to drive the ID fan can be
conpensated with greater gas turbine efficiencies.
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Pressure Relief Damper
and Bypass Stack Exhﬂst Stack
1D Fan
. Duct Bumer
Gas Turhine el Sume
B E HRSG
ISolation Damper

Figure 14 — I D Fan Fresh Air Firing Application

In both cases, the fresh air fan nust nearly duplicate the
gas turbine flow and tenperature characteristic to ensure
stabl e duct burner operation. The burner duty increases
significantly when operating on fresh air, as the
conbustion air nust be raised fromanbient tenperature to
the firing tenperature.

I n nost cases the econom ¢ eval uati on does not favour fresh
air firing. It is usually less expensive to put in a snal
st andby package boiler to produce the required steamfl ow
when the gas turbine is out of service.
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7.0 Basic Cal cul ati ons of HRSG St eam Qut put

Below is a sanple calculation for a single pressure HRSG
accepting the exhaust froman LM6000 gas turbine. Miltiple
pressure HRSGs require sophisticated conputer progranms to
cal cul ate steam fl ows.

Process Dat a

Gas Mass Fl ow 990, 000 | bs/ hr
Gas Inlet Tenperature 855 F
Exhaust Conposition (% vol une)

(0% 15.0

H20 7.0

cC 3.0

N2 75.0
St eam Pressure 800 psia
St eam Tenperature 800 F
Feed Water Tenperature 220 F
Assunpti ons
Pi nch Poi nt 25 F
Appr oach Tenperature 20 F
Super heater Pressure Drop 20 psi

Wat er / St eam Properties

St eam Drum Pressure 800 + 20 = 820 psia
Saturation Tenperature 521 F (at 820 psia)
Wat er Tenperature Entering Evaporator 521 - 20 = 501 F
Ent hal py of Stean(800 psia, 800 F) 1399.14 Btu/lb

Feedwat er Ent hal py Entering Drum (501 F)489.06 Btu/lb
Feedwat er Ent hal py Entering Unit (220 F)190.17 Btu/lb

Gas Properties

Gas Tenperature Leavi ng Evaporat or 521 + 25 = 546 F
Gas Average Specific Heat 0.27 Btu/lb x F
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Super heat er and Evaporator Perfornmance

1) Energy transferred

Energy transferred = Gas flow x Gas specific heat x
efficiency x (Gas tenperature in — Gas tenperature out)

Energy transferred = 990,000 x .27 x .98 x (855-546)
Therefore energy transferred = 80,943, 786 Btu/ hr

2) Energy absorbed by steam

Energy absorbed = Wsteam x (Enthal py out — Enthal py in)
Wst eam = 80, 943,786 / (1399. 14 — 489. 06)

Therefore Wsteam = 88941 | b/ hr

Cal cul ate Stack Tenperature

1) Total energy absorbed by steam and feedwat er

Total energy absorbed
Ent hal py In)

Wst eam x ( Ent hal py out — Feedwater

Total energy absorbed 88941 x (1399. 14-190.17)
Therefore total energy absorbed = 107,527,001 Btu/ hr

2) Stack Tenperature

Total energy absorbed = Gas Flow x Efficiency x Gas Average
Specific Heat x (Gas In — Gas Qut)

Gas Qut = 855 - (107,527,001 / (990,000 x .98 x .27))
Therefore stack tenperature = 444 F

Al though this is a relatively straightforward cal cul ati on,
charts are available specific to gas turbines for obtaining
steam fl ows and stack tenperatures of unfired HRSGs.

Pl ease refer to the “Gas Turbine Wrl d’” Handbooks publi shed
each year
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8.0 O her Potential Fluids

8.1 Condensat e

Devel opers of cogeneration facilities usually plan for the
thermal host to return sonme or all condensate to the
cogeneration facility. This condensate usually picks up
contam nants such as oxygen and iron and nust be deaerated
and treated prior to being used in the HRSG Cycle
efficiencies can be obtained by preheating this condensate
in the HRSG prior to entry into the deaerator and reducing
deaeration steam requirenents.

Great care nust be taken by the designers to ensure the
condensate return quality is known. Not paying attention
to the actual condensate return conposition can cause
corrosion problens throughout the plant.

8.2 Makeup Water

Makeup water is added to the steamcycle to nake up for any
steamor water lost to process, blowdown, venting or
draining. This makeup is usually m xed with any condensate
return prior to being admtted into the HRSG As with the
condensate return, it is inperative that the makeup water
be properly treated prior to entry into the HRSG

8.3 dycol

A ycol (Ethylene glycol or propylene glycol) is highly
effective heat transfer nedia for use between —40 F and 250
F. This can be conpared to water, which can only be used
in applications between 32 F and 212 F. This neans that
wat er - based systens won’'t freeze up from exposure to nornal
W nter tenperatures. In addition, glycol m xtures protect
metallic system conponents fromcorrosion. As glycol flows
t hrough the heat exchanger, it extracts heat fromthe
exhaust gas. The heated glycol can then be punped to a

cl osed | oop systemto heat conbustion air, natural gas,

wat er or ot her nedi uns.
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8.4 Ammoni a

The “Kalina Cycle” uses a mxture of anmmonia and water, in
varying concentrations at various stages in the process.
The anmmonia m xture boils at different tenperatures than
wat er and when diluted wth water, condenses easily. In
the HRSG the average tenperature difference between the
gas and ammoni a m xture can be kept |ower providing for a
nore efficient design. This cycle has yet to be proven in
a | arge-scal e application

9.0 Basic HRSG Controls

9.1 Drum Level Control

Drum |l evel control is one of the nost inportant control

| oop existing in a natural circulation and forced
circulation HRSG due to the varying | oads of gas turbines
and duct burners. If the water level is too high, water
droplets can be carried over. Low water |level can lead to
overheating of tubes and failure. The purpose is to
regulate the flow of water to a drumto maintain the water
| evel usually near the drumcenterline. There are three
mai n types of drum |l evel control

a) Single elenent feedwater control

This systemis used on small HRSGs that have a relatively

| arge water storage capacity and small demand | oad changes.
The only process variable signal is froma drum|eve
transmtter indicating the level of water in the drum The
out put signal fromthe controller nodul ates the feedwater
control valve to maintain the |level at the desired val ue.

b) Two el enent feedwater control

When st eam demand | oad changes are nore frequent and of a
greater magni tude, a two-el enment system shoul d be used.
This systemuses drum |l evel and steam flow as vari abl es.
The drum |l evel controller detects changes in drumleve

away fromthe set point, but because of the shrink and
swel | effect, the controller output tends to initially give
a reverse effect during rapid | oad changes. By introducing
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a signal, which represents steamflow into the system this
has the affect of counteracting the effect of shrink and
swell and helps to stabilize the drumlevel during | oad
changes.

c) Three el enent feedwater control

The nost wi dely used drum | evel control is three-el enent
control. On a large HRSGwth relatively small drum
storage capacity, and which are subject to wide and rapid
| oad changes, a three-elenent feedwater control system
shoul d be used.

The three process variables used are steamflow, feedwater
flow and drumlevel. The steamflow signal is sumed with
the output signal fromthe drumlevel transmtter and the
resul tant output signal acts as the variable set point for
the feedwater flow controller.

Regardl ess of the feedwater control systemused, drum | evel
control has proven to be a challenge due to the fluctuating
inlet gas flows and tenperatures associated with gas
tur bi nes and duct burners.

9.2 Burner Managenent

The burner nmanagenent systemessentially is on/off control,
permtting firing at any | oad when safe conditions exist
and automatically stopping fuel input when safe conditions
do not exist. Requirenents for burner managenent systens
of HRSGs are described in detail in * NFPA 8506 — Standard
on Heat Recovery Steam Generator Systens”.

9.3 Steam Tenperature Contr ol

Many processes and utilities require superheated steamat a
relatively constant tenperature and it is necessary to
regul ate the tenperature | eaving the superheater.

D fferent HRSG nanufacturers may use various nethods of
tenperature control, but by far the nobst common nethod is
by spray desuperheaters. As in the case of druml|eve
control, steamtenperature can al so be controlled by one,
two or three el ement type.
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b)

Singl e el enent control

This systemis only used on HRSGs with a single

super heat er bank where short duration swings in
tenperature are not critical. The final steam
tenperature at the superheater outlet is neasured and
the output fromthe tenperature sensor is conpared to
the set point. Any deviation between the signal and
set point will nodul ate the spray water control val ve.

Two- el ement contro

The two-el enent control uses both the steamtenperature
upstream and downstream of the desuperheater. This
arrangenent is used in nultiple section superheaters
with interstage spray.

The steam tenperature controller conpares the

desuper heater upstreamtenperature to a set point. Any
change in the final tenperature away fromthe set point
w || cause a change in the desuperheater outl et
controller, which also receives a signal from steam

t enper ature downstream of the desuperheater

As a result, any increase in the steamtenperature
upstream of the desuperheater will cause a decrease in
the set point signal to the desuperheater controller.
The output will adjust the spray water flow in order to
reduce the desuperheater outlet tenperature to the new
set point condition.

Thr ee-el enent contr ol

The three-el enment feedwater control is the same as the
two-el enment control wth an extra feedforward signa
based on heat input to the HRSG The feedforward is
used to anticipate changes in heat input due to | oad
changes or tenperature changes.

S
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9.4 Tenperature Control (Once-Through Steam Generator)

Tenperature control in a once through steam generator can
be achi eved wi thout the use of desuperheaters. The point
at which the steamto-water interface exists is free to
nmove through the horizontal tube bank depending on the
anmount of heat input and the mass flow rate and pressure of
t he water.

For each gas turbine load, there is a single water flow
that will give the required steamoutlet tenperature at
specified operating conditions. The single point of
control of the OTSGis the feedwater control valve; the
actuation of the valve depends on predefined operating
conditions that are set through the D stributed Control
System (DCS). The DCS is connected to a feedforward and

f eedback control |oop, which nonitors the transients in gas
tur bi ne exhaust | oad and outl et steam conditions,
respectively. |If a transient in gas turbine, or duct
burner load is nonitored, the feedforward control sets the
feedwater flow to a predicted val ue based on turbine
exhaust tenperature and flow, producing steady state

super heat ed conditions.

10. 0 Continuous Em ssions Mnitoring (CEMS) Integration

CEM systens can provide vital information regarding
conbustion efficiency and pollution levels. Stack gas

anal yzers neasure CO CO2, SO, NOx and Unburned

Hydr ocarbons (UHC). The analyzers can be either extractive
or in-situ.

In extractive sanpling, the sanple is drawn out of the
stack, conditioned, and then transported to a renote site
for analysis. Conditioning consists of filtration to
renove particulates, refrigeration to renove water vapour
heating or insulation of lines to maintain proper
tenperature and introduction of standard gases for
calibration. The neasurenents are done on a dry basis.

In-situ sanpling features an anl ayzer nounted on the stack,
with its sanpling apparatus directly in contact with the
stack gas. Measurenent of pollutants conbines a |ight
source shining across the stack with a receiver/anal yzer.
It is based on absorption spectroscopy — neasuring in the
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11.0

ultraviolet, visible, and near-infrared portions of the
spectrum The nol ecul es of each different contam nant

vi brate at specific frequencies, which cancel out

equi valent light frequencies in the |ight beam Detection
of the absorbed frequencies in the spectrumfroma narrow
band source identifies the pollutants and their
concentrations. The neasurenents are done on a wet basis.

Em ssi on Contr ol

11.1 Nitrous Oxides (NO)

Ni trous oxides, principally NO and NO;, result from high

t enper at ure conbustion such as in the conbustion of fossi
fuels in gas turbines. Em ssion of these nitrous oxides
(commonly referred to as NO) into the atnosphere have
negative effects such as contributing to the formation of
acid rain and snog. Under certain conditions, NO can react
to formozone. All of these results of NO can irritate the
nose and throat and can also inpair |lung function.
Processes have been devel oped to reduce these em ssions in
conbi ned cycle power plants. There are various nethods to
reduce NO, em ssions. Modifications to the gas turbine
conbustion process can be nmade by either dry-1ow NO
conbustion (DLN) or by water/steaminjection. DLN r refers
to a staged conbustion process and | ean pre-m xed fuel -air
m xtures while water/steaminjection involves the injection
of water or steaminto the head end of the conbustor. The
| onest practical NO |evels achieved with injection are in
the range of 25 ppmfor natural gas and 42 ppmfor oil.
Shoul d addi ti onal NO, reduction be required, equipnment can
be install ed dowmnstream of the gas turbine. NO |levels as

| ow as 2 ppm are possi bl e.

The SCR NGO renoval system (also referred to as DeNQ,) is a
dry process in which ammonia (NH;)) is used as a reducing
agent, and the NO: contained in the flue gas is deconposed
into harmess into harmess N, and HO. See Figure #15
bel ow for a diagram of the NO: renoval process reactions.

S
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Fi gure #15 — NO. Renoval Process

Ammonia (NHy) is injected into the flue gas upstream of the
SCR catal yst, through a special injection grid to assure
even distribution and mxing wwthin the flue gas. The flue
gas then passes through the catal yst |ayer.

The SCR nust be located in the appropriate gas tenperature
zone of the HRSG for maxi numefficiency. A typical
efficiency vs. gas tenperature curve is shown in Figure
#16. Typical nmediumtenperature SCR catal yst maxi mum

conti nuous operating tenperature is 800°F with short
tenperature excursions up to approximately 870°F. Al t hough
the catal yst can operate at tenperatures up to 870°F it is
not recomrended that the catal yst tenperature exceed 800°F
during continuous operation in order to nmaximze efficiency
and catal yst life.
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Fi gure #16 — Typical Efficiency Curve
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11. 2 Carbon Monoxi de (CO

Car bon nonoxi de (CO em ssions can al so be reduced with the
insertion of a catalyst in the HRSG The renmoval of COis
a nuch sinpler process as only a catalyst is required.

Sonme precious netal catalysts can provide up to 97%
reducti on of CO by converting the CO to carbon dioxide
(CO) .

CO catal ysts can see much higher gas tenperatures than NOx
catal ysts. Gas tenperatures as high as 1400 F are possible
with a mninmumgas tenperature of 400 F for acceptable

ef ficiencies.

11. 3 Noi se

Gas turbine engines are very powerful sources of noise.
Sound power levels of 140 dBA to 150 dBA are not unconmon
at the exhaust of gas turbine engines. These sound power
| evel s exceed the threshold of pain. |n conparison, a
normal conversation sound power |evel is approximtely 55
dBA to 65 dBA. Sound power levels in the range of 30 dBA
to 40 dBA are usually required by residential areas.

There are two kinds of noise emtted froma gas turbine
power plant: high- and m d-frequency noise (a roaring
sound, often with a | oud whine m xed in) and | ow frequency
noi se (a runmble, constant | ow hum or vibration). Md-
frequency noi se has a frequency range of 20,000 Hz down to
around 20 Hz, and is neasured on the "A" deci bel scale,
which is geared to the hearing range of the average person.
Low frequency sounds, those bel ow 20Hz, are barely audible
to nost people and have to be neasured on a special "C'

br oad- frequency deci bel scal e.

Lowfrequency noise is usually a problemonly at sinple-
cycl e gas-turbine powerplants or gas-turbine conpression
stations where turbine exhaust gas is vented directly to

at nosphere through a silencer as HRSG s effectively diffuse
the | ow frequency noise. If the | owfrequency noise is not
bl ocked, it can easily travel for mles. Md-frequency

noi se can be reduced with the insertion of duct silencers
into HRSG s. Duct silencers can either be inserted into
the inlet duct or exhaust stacks of HRSG s.
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