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1.0 Introduction

In the conbined cycle process the heat recovery steam generator
(hrsg) is a key elenent to the realization of high cycle
ef ficiencies. The hrsg has proven to be a flexible, reliable
connecti on pi ece between gas and steamturbine. These three
conponents can be defined as key conponents of the process (1). The
mar ket devel opnent of the heat recovery steam generator systemis
very close to that of gas turbines for conbined cycle plants. This
devel opnent is in correleation to the worl dwi de orders for gas
turbines (MVWin 1979 = 100 %9 (2) as shown in Figure 1. The curve
shows the growi ng inportance of the conbine cycl e process,
especially since the beginning of the nineties. For nore than a
decade the orders per year nearly kept constant. This period was
foll owed by-an increase to a--level, which is about 2.5-tines higher
than it was before.

An explanation for the nentioned increase is the grow ng confidence
of clients into the advantages as

| ow i nvest ment costs;

short delivery perlods,

hi gh-ef fici enci es;

short start-up tinme and quick | oad changes;

nmodul ar installation to reduce installation tinme

together with the growi ng confidence in the availability of the
conbi ned cycl e process.

The nentioned busi ness devel opnent is acconpani ed by a techni cal
devel opment of all conponents related to the heat recovery steam
generator systens. The following itens were the main areas of
devel opnent during the past and they will remain the main itens for
future applications:
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The devel opnent of hi gher capacities of gas turbines, up to 200
MN | eads to increased boiler dinensions together wwth a nore
conpl ex water/steam system (dual pressure, triple pressure,
reheating).

The devel opnent. of _coal gasification offers new possibilities
for combined cycle plants. The heat recovery steam generator
systemis connected in a sophisticated manner with the heat
supply for the gasification process.

Uility conpanies may use the heat recovery steam generator
systens for the production of steamfor the steam turbine
together with heat supply for district heating. The w dely
varying |l evels of demand for electricity and district heat
requires a highly flexible heat recovery steam generator
system This can be realized wth supplenentary firing systens
al-lowing nearly "independant operation of the district heat
produci ng unit.

The installation of gas turbines in industrial plants together
Wi th. heat recovery steam generator systens for process steam
supply requires reliability and availability to be as high as
possi bl e. Therefore i ndependant operation of boiler to supply
t he process steam when the gas turbine is tripped or out of
operation for maintenance i s advant ageous.

The integration of gas turbines and heat recovery steam
generators into the water/steam process of conventional boiler
pl ants. The heat recovery steam generator is either connected
on the water, the live steam or on reheat side with the
wat er / st eam process of the conventional boiler plant.

The followi ng exanples of heat- recovery steam generator systens
suppl i ed by Deutsche Babcock show solutions to the different
requi rements of the above nmentioned nodes of applications.



2. Heat Recovery Steam CGenerator Systens for Advanced Applications

2.1.. Heat. Recovery. Steam Generator System behind a 200 Mv Gas
Turbine in a Coal Gasification Process

I'n 1992. Deut sche Babcock.received...an.order..for a ..heat recovery steam
generator system behind a 200 MV gas turbine, one of the largest in
the world, which is included into a |lignite coal gasification
process. The boiler_wi Il produce high-pressure steam reheated steam
and will have a condensate preheater. The technical data are shown
in Table 1. The general |ayout is shown in Figure 2 and the
wat er/ steam schene in Figure 3. According to the gasification
process requirements the water/steam side of the boiler is connected
to various points of the gasification process. Additionally the flue
gas from an amoni a vapor conbustion systemis fed to the boiler

Boiler Design - Flue Gas

The hi gh gas turbine exhaust flow requires a cross-section area of
t he heat exchange section of approximately 10 neters x 20.5 neters
(32.8 feet x 67.3 feet). The heating surfaces are designed as
prefabricated nodules each with a width of 3.3 neters (10.8 feet),
a length of 25 neters.(82 feet) and heights between 2.0 and 2.5
nmeters (6.6 and 8.2 feet). The maxi mrum wei ght per nodule will be
about 260 tons. The prefabrication of such nodul es, which requires
speci al provisions for fabrication and transport, reduces the
erection tinme to a mninmum The conplete erection tine for the
heating surfaces at site will be 6 weeks only. In total the heating
surfaces consist of 12 prefabricated nodules. |In the nodules the
finned tubes are supported by perforated plates. The tubes have a
staggered arrangenent. Every nodule is also provided with al
connection bends, the necessary inlet and outlet headers and with
anchor el enents, which connect the nodules with each other in
vertical direction. The horizontal connection between the heating
surface nodules will be made by two circular welds for each header
on.site.

In the direction of the flue gas flowthe first set of nodul es
consist of the interlaced heating surfaces of HP-superheater 2 and
reheater 2, the HP-superheater 1 and reheater 1 are arranged al so
in an interlaced manner in the second nodul e | ayer, which al so
contains the HP-evaporator. The third [ayer contains the HP-eco 2
and the MP-evaporator. Finally the forth nodule | ayer consists of
the interlaced heating. surface tubes for MP-eco and HP-eco 1 and

t he condensate preheater.

During operation of the gas turbine with gas fromthe gasification
process the ammoni a vapor generated in the gasification process
will be burned in a special conmbustor. The flue gas fromthat
conbustor will be fed-into the flue gas duct between gas turbine
and boiler inlet. The NH3-conbustion-systemis only in operation
together with the gas turbine.



Boiler Design - Water/ Steam

The HP- and MP-water/ steam systens are designed as forced
circulation systenms. The HP-feedwater punps will feed the
feedwater to the HP-econom zer, which is divided into HP--

econom zer 1 "and 2.- for. thernpdynanmi cal ..reasons- Downstream of the
econom zer the majority of the feedwater is drawn off and fed to

t he raw gascool er of the gasification process. The renai nder fl ows
into the HP-drum and then to the HP-evaporator. Saturated steamis
produced by the forced circul ati on evaporator system

The steamfromthe HP-drumis m xed with saturated HP-steam from
the rawgas-cooler. As a result of the transfer to and fromthe
raw gas-cooler- there is a pressure difference of approximtely 10
bar between the steam com ng fromthe raw gas-cool er and the steam
produced by the forced circul ati on system Before entering the

HP- super heater the pressure of the saturated steamis reduced to
the required boiler pressure. The water content generated by the
expansi on of the saturated steam has to be considered for the
desi gn of the superheater.

The HP-superheater is arranged together with the reheater in an
interlaced manner.. According to the required process paraneters
and to prevent non-equal tenperature distribution on the

wat er - steam side the interlaced heating surfaces of HP-super-
heater and reheater are divided into heating surface sections 1
and 2 with different interlacing arrangenents.

The MP-system shows a design.simlar to that one of the HP-system
Coming fromthe feedwater tank and | eaving the MP-econoni zer the
mass flowis also divided into two flows. The main part is
transferred to- the raw gas-cooler of the gasification process and
the remaining anount is fed to the MP-drum of the boiler. After
passi ng through the MP-evaporator and separating the water from
the saturated steamthe various flows are m xed together, i.e.
saturated MP-steamfromthe boiler drum steamfromthe steam
turbine to be reheated, steamfromthe raw gas-cooler and fromthe
heat exchanger installed for use of the waste heat fromthe gas
turbi ne conpressor. For the m xing of the various steamflows a
tenperature difference of about 90 °C (194 °F) has to be
considered. The total mx flowis passing the reheaters 1 and 2,
whi ch are arranged in an interlaced manner as expl ai ned before.
The. r.eheated.steam is fed-back to the-reheat section of the steam
t ur bi ne.

For both systenms, HP and MP, a spray attenperator systemis
provi ded behind the second superheater stage to control the steam
tenperature. A steam warmup-systemis provided for the evaporator

systens to realize mninmumstart-up tines.



2.2 Heat Recovery Steam Generator Systemin a Conbi ned Cycle
Pl ant Producing Electricity and District Heat

For a heat- and power station in Dresden/ Gernmany Deutsche Babcock
is supplying three heat recovery steam generator systens behind
three 60 MWgas.turbines. The water /steamcycle conprises a
HP-system for steam generation and a hot water-heat exchanger for
di strict heating. The technical data are sunmarized in Table 2.

The requirenents the plant has to fulfill are the foll ow ng:

The hot water produced by the heat exchanger is used for
district heating wth an existing hot water net and the
HP-steam for electricity production by the steam turbine.
The node. of operation is controlled by the demand of district
heat i ng.

Because the demand of district heating is independent and
different fromthe electricity demand, it is necessary to
have a separate and i ndependent production of steam for both
pur poses.

Regardi ng the em ssions of CO and NOx, the German codes for
emssion limts have to be fulfilled.

Even in case one gas turbine trips the boiler connected
hereto has to supply a certain steamflow to the steam
turbine. In this case the other two heat recovery boilers
have to increase their steam fl ow by using the suppl enentary
firing systemto ensure the steamsupply in a w de range of
oper ati on nodes.

Besi de these operational requirenents foll ow ng additiona
technical requirenents have to be fulfilled, i.e.

the boiler has to-be designed-with conpletely uncool ed ducts;
the maxi num flue gas tenperature is limted to 600 °C (1112
OF) ;

the boiler arrangenent has to be designed with vertical flue
gas flow because of limted space, and the hei ght of the
conpl ete boiler house is restricted to 31 neters (101.7 feet)
for architectual reasons;

the availability should be as high as possible;

t he power consunption for boiler operation should be as | ow
as possi bl e;

caused by conparably | ow oxygen content of gas turbine flue
gas-it-is--required to provide a direct supplenentary air feed
to the burner systens;

architectual considerations do not pernt separate bypass
stacks, which are a technical requirenent;

the requirenent of a possible operation wi thout gas turbine
results in the installation of a fd-fan.

To neet all-the nentioned requirenments and to fulfill the various



gﬁeration conditions a design was devel oped by Deutsche Babcock
ich is shown in Figure 4.
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As it .can be-seen fromFigure 4 the boiler is designed as vertica
type to enable an arrangenent within the Iimted space avail abl e.
It is also shown that the boiler outlet is connected to the bypass
stack to realize only one conmon stack per boiler. This solution
provi des the nost econom c design. A design for the bypass system
connecting the bypass horizontally to a vertical boiler outlet
duct would require a nore conplicate duct arrangenent inside the
boi | er house exceeding the Iimted height of the boiler housing of
31 neters (101.7 feet).

The flue gases enter the horizontal duct directly after |eaving
the diffusor elenment. The T-box of the bypass is designed with two
doubl e nulti-louvre danpers, one in the boiler inlet, the other in
the bypass. Directly behind the boil er danper the suppl enentary
air inlet for the first burner stage is connected to the

GT- exhaust . duct. The first burner stage is installed in the

hori zontal duct to reduce the height of the boiler. The burner has
a maxi mum capacity of about 40 MW During operation of the first
burner level the maxi mum flue gas tenperature is limted to a
maxi mum val ue of 600 °C (1112 °F), which will be ensured by the
addition- of excess air. Therefore, uncool ed ducts with externa

i nsul ati on are possi bl e.

The first heating surface in the vertical part of the boiler is

t he second superheater stage. To prevent excessive peak
tenperatures of fins this heating surface is designed with bare
tubes.- All. follow ng heating surface tubes are designed with
helical fins. The next heating surface passed by the flue gas and
arranged in the sane nodule is the first superheater stage. The
next nodul e consists of the evaporator and the econom ser
surfaces. Between both heating surface sections a mai ntenance and

i nspection space is provided.

To realize the independent district heating systema second burner
stage with a capacity about 97 MWis installed in the vertical

part of the heating surface casing to increase the enthal py of the
flue gas before entering the hot water heat exchanger. The duct
burner can be operated in arrange of 10 : 1 and therefore enables
a wide range for the operation of the district heating system

This burner |evel also has its own air supply and the maxi num fl ue
gas tenperature is limted to 545 °C (1013 °F). Between the hot
wat er heating surface and the burner equi pnment a free space area
is provided to ensure an equal tenperature distribution of the
flue gas and to protect the heating surface tubes agai nst
excessive tenperatures. Additionally the heating surface tubes in
the | ower part of the hot water heat exchanger is designed with



serrated fins to prevent tensions inside the fins above the
Eernitted | evel , because of the high tenperature difference

etween flue gas (550 °C, (1022 °F)) and water (170 °C (338 °F)).
Al so the very strong tenperature decrease of flue gas from 550
°C(1022°F) down to a stack tenperature of about 100 °C (212°F)
across a heating _surface. of only 2 neters (6.6 feet) height has to
be consi dered. To prevent excessive tension and subsequent saggi ng
of the bundle the design provides possibilities for thermal
expansi on inside the nodule. Directly behind the supporting bars
the flue gas duct is connected horizontally to the conmon stack.

Because of the second burner stage the boiler has two fix points
in the vertical direction. The lower fix point is |ocated above

t he suspensi on anchors for the stean1pr0ducing heati ng surf aces.
Therefore the supporting | evel of the second burner stage has a

m ni rum t hermal novenent. Fromthis point the | ower part of the
boiler is suspended and expands downwards. The second fix point is
| ocated in the level of the supporting bars for the hot water
heating surface.

The hot water heat exchanger al so expands downwards fromthat

poi nt. To conpensate this expansion towards the | ower fix point of
t he HP-steam system a conpensator is installed between upper and

| ower part of the boiler.

Boiler Design - Water/Steam

The feedwater comng fromthe.feedwater tank enters the

HP- ecnom zer and fromthere via connection pipes to the HP-drum
The evaporator is fed fromthe HP-drum via downconers. A start-up
circulation punp is installed in a bypass line parallel to the
downconers.

Al'l heating surface tubes in the vertical duct section are
arranged horizontally. But neverthel ess the evaporator circulation
systemis a natural one. The density difference of the evaporator
system bet ween the downconers and the water/steam m xture of the
evaporat or bundle as well as the connection to the drumresult in
a natural circulation even without circulation punps. The proper
design of the system considers a -sufficient geodatical height

bet ween drum and evaporator bundle. Only for start-up and | ow | oad
operation is.-a circulation punp installed. After start-up and in
full | oad operation the boiler is operated with natural circulati-
on. Qperation experience and research by Deutsche Babcock as wel |
as investigations done by others (3) have proven the reliability
of this design. The advantage of |ower power consunption for
conventional design of natural circulation boilers is now al so
achi eved by vertical type of heat.recovery boilers.

The saturated steam fromthe evaporator systemis fed to the



superheater, which is of a two stage design. Between stage one and
two a spray type attenperator controls the |ive steamtenperature
to-limt.the-steamtenperatures during GI peak | oad or operation
of the::supplenentary firing system

The hot water heat---exchanger generates the required heat for the
district heating system Because of the conparatively |owinlet
tenperature of the water this systemenables a | ow flue gas
tenperature at boiler outlet. To ensure a water inlet tenperature,
which will be above the sul phur dew point, a recirculation system
is installed to be operated, if the gas turbine is fired with oil.

2.3 Heat Recovery Steam Generator Systemin an Industrial Process

For the production of process steamused in an Italian refinery
Deut sche Babcock supplied two heat recovery steam generator
systens. The technical data are summarized in Table 3 and the
princi pal arrangenent is shown in Figure 5.

To keep the availability of the refinery process as high as
possible it was requested to design a boiler, which can be
operated with flue gas fromthe gas turbine as well as with a
fd-fan. Both operation nodes shall generate the sane capacity of
steam Switching over. fromone node to the other should be
possi bl e wi thout significant change of the steam fl ow
Additionally it was required to operate the supplenetary firing
systemwi th heavy -fuel. oil .fromthe refinery process.

Boiler Design - Flue Gas and Firing Svstem

The boiler is-of..horizontal type with vertical heating surface

t ubes. Between gas turbine and boiler a bypass is provided. The
flue gas comng fromthe gas turbine enters via the burner

equi pnment the conbustion chanber. The conbustion chanber is built
by wat er-cool ed nenbrane walls. The nenbrane walls are wel ded
gas-tight. The length of the conmbustion chanber is designed
according to the required conbustion tinme of heavy fuel oil to
prevent generation of soot and to protect the first tubes of the
heati ng- surface agai nst flane contact.

At the outlet of the conmbustion chanber an evaporator grid is
installed to-protect--the-superheater bundl es against radiation.
Downstream of this evaporator grid the flue gas passes the

super heater, the evaporator and the econom zer. At the boiler
outlet a multi-louvre-danper is arranged. In the sections of high
flue gas tenperatures the heating surface casing is of nmenbrane
wal | s construction. Fromthe evaporator outlet up to the boiler
outlet-the-boiler.-casing-is made by uncool ed ducts with external

i nsul ati on.



The boiler includes a fd-fan, which is | ocated bel ow the boiler.
The anbient air is fed via an air duct to the burners at the
boiler inlet. Two burners are installed to burn heavy

fuel oil and refinery gas. The burners allow a | arge control range
of approximately 40: 1 and they have a very |ow pressure drop on the
flue gas side of only 2 nmbar (0.8 i.w.g.).

In case of a gas turbine trip or of a schedul ed gas turbi ne shut
down. t he automatic switch over fromgas turbine operation to
fd-operation takes place as it is shown in Figure 6. |Imediately
after shut-down of the gas turbines the ignition burners wll
start. After the ignition flame is detected the bypass danper
begins to open, the fd-fan starts and the inlet vanes are adjusted
into ignition position. Wien fromthe bypass danper the signa
"open" is detected the boiler danper at the boiler inlet begins to
cl ose and the throat danpers of the burners also close. Wth
detected signals "closed" fromthe boiler inlet danper and
"running" fromthe fd-fan the anbient air danper opens. Wth fully
opened anbient air danmper the main burners are started
automatically and the ignition burners are switched off. The

conpl ete switch-over procedure takes only a time of 35 seconds. In
a simlar manner the sw tch-over procedure takes place from
fd-operation to gas turbine operation. The switch-over is also
possible, if gas turbine is in operation together with the fd-fan

| —_— !

The boiler is designed with a natural circulation system Com ng
fromthe feedwater tank the feedwater passes the econom zer with
fin tubes in counterflowto the flue gas and enters the drum Via
*downconers and connection pipes the drumis connected to the
evaporator system The evaporator system consists of the nenbrane
wal l's for side walls, roof and fl oor of the conbustion chanber, of
the evaporator grid nmade from bare tubes and of the evaporator
bundl es made of fin tubes. Al evaporator heating surface tubes
are built as risers. The saturated steamis conveyed to the

super heater, which also consists of fin tubes. An attenperator
system behi nd the superheater outlet controls the steam

t enperature

During the -switch-over-procedure described above the behavi or of
steam fl ow, steamtenperature and steam pressure can be obtai ned
fromFigure 7. As it is shown by the curves pressure and
tenperature. are kept nearly.constant. The variations of about - 1
‘bar (14.5 psi) for the pressure and about + 3°C (5.4 °F) for the
tenperature do not influence the refinery process. The variation
in steam fl ow depends on the node of operation during the
switch-over. The deviation is always acceptable by the refinery
process and wll occur only during a short period of about 1

m nut e.



3. Concl usi ons

The different purposes heat recovery steam generator systens are
used for often require a special design. Al so technica

requi renents provided by-the clients. create the need for a w de
range of design solutions. The tailor-made design results in high
efficiencies and a very flexible heat recovery steam generator
system

M ni mum power consunEtion even with vertical boiler design and
limted space avail abl e has been achi eved by a design of the
evaporator system w thout the necessity of circulation punps
during normal operation.

A sophi sticated arrangenent of separated burners enables a high
flexibility, between the various demands of steamfor electricity
production and hot water for district heating. A special design
results in a fired boiler wth uncool ed ducts nmade from
non-austenitic materials with external insulation.

A heat recovery steam generator systemw th supplenentary firing
with fd-fan designed for the requirenents of a refinery process
ensures constant steam supply wi thout gas turbine in operation and
al so during the switch-over procedure fromGI- to fd-operation
mode.
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Tabl e 1: Technical Data of Heat Recovery Steam Cenerator System

behi nd 200 MW Gas Turbine Fired with Gas from a Coal
Gasification Process

Fl ue gas flow from Gr kg/'s 611. 63
Fl ue gas tenperature at boiler inlet °C 549. 4
Fl ue gas tenperature at boiler outlet °C 115
HP- st eam f | ow kgl s 104. 6
HP- st eam operati ng pressure bar 113
HP- st eam t enperature °C 525
MP- st eam f | ow kg/ s 117, 3
MP- st eam operati ng pressure bar 30,5
MP- st eam t enper at ure °C 525
Condensat e preheater mass fl ow kgl s 127,9

(W thout recircul ation)

Condensat e preheater inlet tenperature °C 49
(W t hout recirculation)

Condensat e preheater outlet tenperature °C 75



Table 1(E): Technical Data of Heat Recovery Steam Generator System

behind 200 MR Gas Turbine Fired with Gas from a Coal
Gasi fication Process

Fl ue gas flow from GI pph 4, 854, 238
Fl ue gas tenperature at boiler inlet °F 1021
Fl ue gas tenperature at boiler outlet °F 239
HP- st eam f | ow pph 830, 164
HP- st eam operati ng pressure psi a 1639
HP- st eam t enper at ure °F 977
MP- st eam f | ow pph 930, 958
MP- st eam operati ng pressure psi a 442
MP- st eam t enper at ure °F 977
Condensate preheater nmass flow pph 1,015, 086

(W thout recirculation)

Condensat e preheater inlet tenperature °F 120
(W t hout recircul ation)

Condensate preheater outlet tenperature °F 167



Tabl e 2: Technical Data of Heat Recovery Steam Generator System

in a Conbined Cycle Plant Producing Electricity and
District Heat

Fl ue gas flow from GI kg/ s 201. 54
Fl ue gas tenperature at boiler inlet °C 526
Fl ue gas tenperature at boiler outlet °C 100
HP- st eam f | ow kgl s 32.0
HP- st eam oper ati ng pressure bar 79
HP- st eam t enper at ure °C 500
Di strict heat exchanger nmass fl ow kgl s 227.1
Inl et tenperature °C 80
Qutl et tenperature °C 170
Capacity of firing systeml nmwv 40
Capacity of firing system?2 mwv 97
Co-em ssion, 3 Vol.-% 02 mg/ m\- 3 100
NOx- em ssion, 3 Vol.-%O0. mg/ ni\- 3 100

Fuel for supplenentary firing system gas/ di esel oil



Tabl e 2(E): Technical Data of Heat Recovery Steam Generator System

in a Conbined Cycle Plant Producing Electricity and
District Heat

Flue gas flow from GI pph 1,599, 534
Fl ue gas tenperature at boiler inlet °F 979
Fl ue gas tenperature at boiler outlet °F 212
HP- st eam f | ow pph 253, 970
HP- st eam operati ng pressure psi a 1145
HP- st eam t enperature °F 932
District heat exchanger nmass fl ow pph 1, 802, 393
Inlet tenperature °F 176
Qutl et tenperature °F 338
Capacity of firing system1l nmw 40
Capacity of firing system?2 nmw 97
Co-em ssion, 3 Vol.-%02 ng/ ni\- 3 100
NOx- enmi ssion, 3 Vol.-%O0. ng/ ni\- 3 100

Fuel for supplenentary firing system gas/ di esel oil



Tabl e 3: Technical Data of Heat Recovery Steam Generator System
in an Industrial Process

Flue gas flow from GI kg/ s 127.2
Fl ue gas tenperature at boiler inlet °C 476
Fl ue gas tenperature at boiler outlet °C 160
Steam flow with GT in operation kg/ s 16.7
Steamflow with fd-fan in operation kg/ s 16.7
Steam flow with GI and fd-fan

i n operation kg/ s 33.4
Steam tenperature °C 310
St eam operati ng pressure bar 17

Fuel for supplenetary firing system heavy fuel oil



Table 3(E): Technical Data of Heat Recovery Steam Generator System

in an Industrial Process

Fl ue gas flow from GI pphl , 009, 530
Fl ue gas tenperature at boiler inlet °F 889
Flue gas tenperature at boiler outlet °F 320
Steam flow with GTI in operation pph 133, 075

Steamflowwith fd-fan in operation pph 133, 075
Steamflow with GI and fd-fan

in operation pph 266, 150
St eam tenperature °F 590
St eam operating pressure psi a 247

Fuel for supplenetary firing system heavy fuel oil
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HEAT RECOVERY STEAM GENERATOR BEHIND A 200 MW GAS TURBINE IN A
COAL GASIFICATION PROCESS - BOILER DRAWING

FIGURE 2
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1 -Condensate Preheaterwith Recirculation
2 - Condensate from Process Gas Cooling
3 - To Feedwatertank

4 - HP-Feedwater

5 - MP-Feedwater

6 - MP-Eco

7 - MP-Drum

8 - MP-Evaporator

9 - MP-Feedwater to MP-Raw Gas Cooler

10 -To Flashtank

11 - MP-Saturated Steam Mixing

12 - HP-Eco 1

13 - HP-Eco 2

14 - HP-Feedwater to HP-Raw Gas Cooler
15 - HP-Drum

16 - HP-Evaporator

17 - HP-Superheater | +2

18- MP-Superheater (Reheater) i +2
19-To MP-Attemperator

20 - To HP-Attemperator

21 -To Flashtank

22-To MP-Steamturbine (Hot Reheat)

23-To HP-Steamturbine

24 - HP-Steam from HP-Raw Gas Cooler

25 - MP-Steam from MP-Raw Gas Cooler

26 - MP-Steam from Process Equipment
27-MP-Steam from Steamturbine (Cold Reheat)
28 - Steam for Warm-Up System
29-HP-Saturated Steam Mixing

HEAT RECOVERY STEAM GENERATOR BEHIND A 200 MW GAS TURBINE IN A
COAL GASIFICATION PROCESS - WATER/STEAM SCHEME

FIGURE 3
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10 -Supplementary Firing System 1
12-Air Duct
13 - Boiler Inlet Damper

- District Heat Heating Surface
- Supplementary Firing System 2

- Eco Inlet

. 14 - Bypass Damper
- Economizer 15-B sil
- Drum - Bypass Silencer

16 - Boiler Outlet Damper

- Evaporator Inlet
17 - Flue Gas Ducts

- Superheater 1 Inlet
- Superheater 2 Inlet
- Steam Outlet
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HEAT RECOVERY STEAM GENERATOR IN A COMBINED CYCLE PLANT
PRODUCING ELECTRICITY AND DISTRICT HEAT

FIGURE 4
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HEAT RECOVERY STEAM GENERATOR IN AN INDUSTRIAL PROCESS
FIGURE 5
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SWITCH OVER PROCEDURE FROM GTOPERATION TO FD-OPERATION
FIGURE 6
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VARIATION OF MASSFLOW, PRESSURE AND TEMPERATURE DURING SWITCH
OVER PROCEDURE FROM GT-OPERATION TO FD-OPERATION

FIGURE 7








