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Within the energy system in Methanol & Acetic acid Complex (MSK) in Kikinda,
beside process boiler and auxiliary equipment, there are three identical steam boilers
made by “Minel Kotlogradnja”, provided for combustion of natural gas, fuel oil,
and process gases. To increase capacity of the power plant in MSK Kikinda,
installation of one 14 MW gas turbine is planed. Since the exhaust gases are at the
relatively high temperature and contain large quantity of oxygen, it is specified to
split exhaust gas into two equal streams and introduce them into two existing steam
boilers, each having production of 16,67 kg/s (60 t/h).

In order to use heat as well as oxygen from the exhaust gases in the existing boilers, it
is necessary to replace the existing burners and to reconstruct heat exchangers in the
vertical convective gas channel. Besides, it is necessary to verify if the existing flue
gases fan can comply with the new operating regime, during which a half of the
turbine exhaust gas is introduced into the steam boiler.
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Introduction

Within the energy system in Methanol & Acetic acid Complex (MSK) in Kikinda,
beside process boiler and auxiliary equipment, there are three identical steam boilers made
by “Minel Kotlogradnja”, powered by natural gas, fuel oil, and process gases. Aiming to in-
crease the MSK Kikinda power plant capacity, the installation of one 14 MW gas turbine is
planed. To utilize the heat of hot exhaust gases coming from the gas turbine (temperature
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around 500 °C), it is necessary to make reconstruction of two existing one-drum vertical
tube steam boilers having nominal production of 16.67 kg/s (60 t/h) each. The exhaust
gases, which contain large quantity of air (surplus of air is 3.3), should be distributed in two
equal flows and inducted into these two steam boilers. An additional combustion of natural
gas is foreseen to obtain higher production of boilers with guaranteed temperature of the
superheated steam.

To enable utilization of oxygen from the exhaust gases, it is necessary to replace
the existing burners with new ones with open door design. The connection between gas
turbines and steam boiler through which the exhaust gases are introduced via burner into
the furnace (solution by firm “SAACKE”[1]) is shown in the fig. 1.

Fresh air fan (fig. 1) is applied in case of higher steam production in boiler when
the quantity of exhaust gases, namely oxygen within them, is insufficient. Beside that, it is

necessary to complete a recon-
struction of heating surfaces in
the vertical convective gas cha-

/J\ nnel of the steam boiler. Mixing
of turbine exhaust gases with

_| products of additional combus-
p [El i tion of natural gas in burners
{0 > happens in the furnace. It causes

the maximum temperature re-

duction. Because of that, the
heat exchanged in the furnace of
the steam boiler is insufficient
for complete vaporization in
radiant evaporator. Therefore it
is necessary to install sup-
plement convective evaporating heating surface in the form of inclined evaporator. The
disassembling of existing air heater and installation extra water heaters tube bank in its
place is also necessary.

Considering the required reconstructions of steam boiler and new operating
regime at which one boiler takes one half of turbine exhaust gases, it is necessary to check
if the existing flue gas fan fits to new operating conditions.

Figure 1. Connection of gas turbine and steam boiler

Technical description of steam boiler

One-drum vertical and corner-tube steam boiler, with maximum steam produc-
tion of 16.67 kg/s (D = 16.67 kg/s) is shown in fig. 2. Two SAACKE burners (1) for com-
bined combustion of natural gas, heavy fuel oil, and process gases are located on the front
wall of furnace, one above other. The heat produced by burning of fuel in the steam boiler
furnace (2) is transferred by heating surfaces, situated in steam boiler gas tract. The pro-
duced superheated steam of following parameters f; = 455 °C and p, = 77 bar meets the
requirement of steam turbine.
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Figure 2. Disposition of steam boiler with angle tubes
(1) — combined burner, (2) - furnace, (3) — furnace front wall, (4) — furnace ceiling,

(5) — furnace floor, (6) — furnace rear wall, (7) — ridge for the stream of flue gases, (8) — first tube
screen, (9) — horizontal gas channel, (10) — second tube screen, (11) — furnace lateral walls,
(12) — downcomer tubes for furnace front and rear wall, (13) — downcomer tubes for furnace

lateral walls, (14) — corner tubes, (15) — steam drum, (16) — surface steam cooler; (17) — boiler
drum fittings, (18) — secondary superheater, (19) — primary superheater, (20) — boiler fittings,
(21) — guide chamber, (22) - vertical convection flue gases channel, (23) — third water heater bank,
(24) - first and second water heater bank, (25) — air heater, (26) — connecting tubes of third
water heater bank, (27) — flue gases duct, (28) — main steam header, (29) — light bricking,
(30) - plate casing, (31) — vertical convection channel bricking, (32) — galleries, (33) — staircase

The first gas channel represents furnace (2) on which walls, ceiling and floor are
densely positioned tubes. Every third tube on furnace rear wall (6), after reef, forms the
first tube screen (8) which consists of one row of tubes, whereas two remaining tubes
located on the floor of horizontal gas channel, in which superheaters are situated, form
the second tube screen (10) with 2 rows in chess setup.
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A transversal steam drum (15), which is included in natural circulation circuit, is
situated on the top of steam boiler. In his water part a surface steam cooler (16) is
positioned. The secondary superheaters (18) and the primary (19) superheaters are
located in horizontal (second) gas channel (9) between two tube screens. Vertical tube
coils of the secondary superheater are realized as double in a corridor setup.

After second tube screen, flue gases are getting into vertical convection flue gas
channel (22), going through guide chamber in the process (21). Vertical convection flue
gases channel represents third gas channel and gases within are streaming downwards.
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Figure 3. Disposition of the reconstructed steam boiler
(2) - furnace, (9) — horizontal gas channel, (15) — steam drum, (21) — guide chamber,
(22) — vertical convection flue gases channel, (34) — new gas burner, (35) — convective evaporator
lower header, (36) — inclined evaporator, (37) — tubes of inclined convective evaporator,
(38) — convective evaporator upper header, (39) — feed header, (40) — water heater,
(41) — water heater upper header, (42) — boiler bricking
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The water heater (23 and 24) built of three banks and tube air heater (25) are positioned
in this gas channel. Three pass air heater is made from horizontal staggered tubes, around
which the flue gas streams, heating air. Warm air, suppressed by air fan, comes to burners
(1) via channels, in which it is mixed with fuel to achieve a full combustion.

Flue gases are transported by adequate fan, which than blows them through a
stack into the atmosphere.

Technical description of the reconstruction

Figure 3 shows the disposition of the reconstructed steam boiler aimed for
utilization of hot exhaust gases coming from a 14 MW gas turbine.

On the furnace front wall (3), which should be adjusted to new burners, two
burners (34) are located. Burners are used for combustion of natural gas, with presence
of gas turbine exhaust gases. Since the oxygen from these gases is used for combustion of
the natural gas in steam boiler furnace, the mass flow of gases, that stream through steam
boiler and that is exhaust into atmosphere through the stack by the existing fan, is re-
duced.

The first gas channel (furnace 2), horizontal gas channel (9), and guide chamber
(21), should not be reconstructed at all. After second tube screen, the mixture of flue
gases and exhaust gases passes through guide chamber and enters the vertical convection
flue gas channel (22). At the inlet of this channel there is an inclined evaporator (36)
connected to the steam drum (15) by falling and connecting tubes. Boiling water from
steam drum gets to the lower header (35) of inclined evaporator (36), through falling
tubes, where it evaporates. Steam and water mixture gets to upper header (38) through
tubes of larger diameter (37) which are located on the rear wall of the guide chamber.
From the upper header the mixture is brought to steam drum by connecting tubes for
phase separation.

The water heater of the existing boiler is being reconstructed, while the air
heater is being dismantled and removed.

Several of water heater banks (40) should be placed into the vertical convection
flue gases channel (22) of the reconstructed steam boiler. With regard to that, the part of
steam boiler steel structure in which the air heater was located should be reconstructed to
enable installation of last three banks of new water heater on the same place. All
manholes for entrance into vertical convection flue gas channel (22) remain functional.

Since the place of the air heater is occupied by tubes of the larger water heater,
the air channel also needs to be reconstructed, starting from the entrance to the boiler
house, all the way, to the burner. In case of operation of the new boiler without exhaust
gases, approximately same amount of fresh air is necessary, so, the air channel has the
same cross-section as before the reconstruction. However, if gas turbine is operational,
for combustion of natural gas, the hot exhausted gases, enriched by oxygen, and cold air
are used. Therefore, the existing air fan has to provide extra amount of cold air, which
would be lead to new burner.
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Analysis of the calculation results
Steam boiler heat balance

Steam boiler heat balance is made to calculate the boiler efficiency, i.e. fuel con-
sumption [2]. For the existing boiler, the amount of the introduced heat is calculated at
first. In the given case, it consists of lower heating value of natural gas and his physical
heat. Beside that, the air mass balance for boiler has to be defined. It has to assume the co-
efficient of surplus air at the furnace outlet, the increase of air surplus in the furnace and
along the boiler, as well as, the ratio between the amount of air that leaks from the heater
and the theoretical air quantity.

For the reconstructed boiler operating with hot exhaust gases and air, the
amount of heat introduced in the boiler has to be defined at first. It consists of natural gas
lower heating value, his physical heat and the heat coming with exhaust gases. For
combustion of natural gas in these conditions, the ratio between the real quantity and
theoretically necessary quantity of the air is assumed to be for 0.1 higher than standard.
Excess air in the end of furnace is defined as ratio between the unused oxygen from
exhaust gases and theoretical air quantity. Flow rate, excess air ratio and temperature of
exhaust gases for normal gas turbine operation at output of 14 MW are shown in tab. 1.

Heat balance of steam boiler (tab. 2) is calculated for maximum production
(100%) for both the existing and the reconstructed steam boiler. The reconstructed
steam boiler is able to oper-
ate with and without turbine

Table 1. Parameters of nominal gas turbine work regime
exhaust gases, so the heat

Parametars name Unit Value balance for maximal pro-

Volume air flow rate at the compressor inlet | m’s”' | 38.101 duction (100%) and for pro-

Air quantity at the compressor inlet m’m> | 31.672 duction of 5 0% when boiler

Heoretical ai , S | 9534 operates with a half of the

Theoretical air quantity mm i gases introduced into the

Excess air - 3.32 burners of one steam boiler.
Temperature °C 485

Thermal calculation of steam boiler

The thermal calculations based on the boiler heat balance (tab. 2) and geometric
parameters of the existing and the reconstructed boiler [1] for operation at different
steam productions was performed [2, 3].

The temperatures of flue gases at exit of individual heating surfaces received as
results of the thermal calculation are shown in tab. 3.

In case of operation of the reconstructed steam boiler at 50% load (a half of
exhaust gas mass flow from the gas turbine), the calculated temperature of the flue gases
at the boiler outlet was 181 °C, the excess air was 2.13 and the boiler efficiency was
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Table 2. Heat balance of steam boiler

Exhaust gases of gas turbine

Without | Without | With | With
No. Parameters name Mark | Unit Eg(ljig:ﬁg Reconstructed boiler
Steam boiler load [%]
100 100 100 50
1. | Natural gas lower heat value H, kJm%G 34065.0 | 34065.0 | 34065.0 | 34065.0
2. | Exhaust gases heat quantity Q. | kKIm?, - - 22153.7 | 22153.7
3. | Excess air in exhaust gases a,, - - - 3.32 3.32
4 qu?;Lot i(t); real and theoretical air Be _ 115 L15 125 125
5. | Furnace excess air o, - 1.15 1.15 1.16 1.88
6. | Fuel temperature I °C 20 20 20 20
7. | Physical natural gas heat O; | kKm?; | 31.91 31.91 31.91 31.91
8. | Disposed heat quantity O/ | KIm”y | 34096.9 | 34096.9 | 30017.1 | 27320.4
9. | Excess air at the boiler outlet a, - 1.35 1.35 1.36 2.13
10. | Temperature of outlet gases t. °C 145 162 173 181
I1. | Outlet gases enthalpy I kim?y | 27947 | 31332 | 33764 | 5296.8
1. z);lsb(lilléz (t,ﬁ incomplete mechanical 4 % 0 0 0 0
13. | Waste gas loss q, % 6.70 7.69 9.53 16.43
14. | Loss due to unburned gases q; % 0.50 0.50 0.5 0.50
15. | Radiation loss qs % 0.85 0.85 0.85 1.70
16. | Boiler efficiency M % 91.95 90.96 89.12 81.37
17. | Superheated steam production D kgs™ 16.667 | 16.667 | 16.667 8.333
18. | Superheated steam production D th! 60 60 60 30
19. | Superheated steam temperature t °C 455 455 455 455
20. | Superheated steam presure Py bar 77 77 77 77
21. | Superheated steam enthalpy i kJkg!' | 3291.3 | 3291.3 | 3291.3 | 32913
22. | Feed water temperature t,, °C 110 110 110 110
23. | Feed water pressure Py bar 92 92 92 80.8
24. | Feed water enthalpy i, kJkg!' | 467.9 467.9 467.9 467.9
25. | Heat quantity used in steam boiler O kW 47057.1 | 47057.1 | 47057.1 | 23535.5
26. | Natural gas consumption By | m'gs”
97 Turbine fuel consumpt'ion by half'of the B, m's!
exhaust gases brought into the boiler
28. | Total fuel consumption B | ms!
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Table 3. Temperature of flue gases

Exhaust gases of gas turbine
Without | Without | With | With
Parametars name Mark Unit Eg:j;ler;g Reconstructed boiler
Steam boiler load [%]
100 [ 100 | 100 | s0
Flue gas temperature

Furnace outlet 1 °C 1147 1122 1082 790
First tube screen outlet [ °C 1114 1091 1056 776
Secondary superheater outlet Loy °C 902 889 879 689
Primary superheater outlet Lop °C 630 625 636 550
Second tube screen [ °C 618 613 624 542
Guide chamber outlet ly °C 614 609 620 540
Convective evaporator outlet 1, °C - 418 430 396
Water heater outlet t,, °C 249 162 173 181
Air heater outlet [ °C 145 - - -
Steam boiler outlet t. °C 145 162 173 181
Cooler balance (cooler maximum capacity is 4561 kW)
Cooler heat quantity ‘ Oy ‘ kW ‘ 4314,9 ‘ 3898,7 ‘ 4451,5 ‘ 1779,2

81.37%. In case of operation at 100% load, the temperature of flue gases at the boiler
outlet was 173 °C, the excess air 1.36 and efficiency was 89.12%.

At lower loads, the excess air through boiler increases, since the whole amount
of oxygen from turbine exhaust gases can not be used. This reduces the boiler efficiency
substantially. At the highest loads, the complete amount of the oxygen from turbine
exhaust gases is used. Because of that, it is necessary to introduce additional fresh air
(about 5% of theoretical air quantity) using an appropriate fan.

The performed thermal calculations showed that the capacity of the surface
cooler is lower than its maximum value (4561 kW) for all cases considered here.

Aerodynamic calculation of the gas tract

To check if the existing flue gas fan satisfies new boiler operating conditions, the
aerodynamic calculation of the gas tract [4] was conducted. The most difficult conditions
for considered steam boiler, i. e. operation at maximal steam boiler production with one
half of turbine exhaust gases is chosen for the calculation. The calculated flow rate of flue
gases is 46.56 m%/s and the corrected calculated head is 3145 Pa. These values are brought

228



D. Tucakovic et al.: Technical Solution for Use of Gas Turbine Exhaust Gases in the ...
TEPMOTEXHMKA, 2009, XXXV, 3-4, 221-230

in the fan aerodynamic operation diagram [1] and, according to position of the operating
point in the diagram we have concluded that the existing fan is able to meet demand at
considered conditions. The inlet vane guide angle should be set at ¢ =~ 20°. Under these
conditions the fan will work with somewhat reduced efficiency (around 78% comparing
to 79.5% under design condtions).

Conclusions

In order to enable utilization of exhaust gases from a new 14 MW gas turbine in

MSK Kikinda the following changes at existing steam boilers should be conducted:
— replacement of the existing burners with special burners,

— installation of an inclined evaporator of adequate surface at the inlet of the vertical
convection gas channel and inclusion of the evaporater into steam boiler natural cir-
culation cycle,

— dismantling of the existing air heater and water heater and installation of a new water
heater with significantly larger heating surface in their place,

— building an exhaust gas channel between gas turbine and boilers number 1 and 2 and
connect it with new burners, so that one half of these gases is led to the boiler number 1
and the other half in the boiler number 2, and

— reconstruction of the fresh air channels from the fans to new burner to enable opera-
tion in cases when steam boiler works without the turbine exhaust gases.

Checking the aerodynamic characteristics of gas tract confirmed that the
existing fan is able to operate under the most difficult conditions when the half of the
turbine exhaust gases is being led into one boiler.

The investment costs for reconstruction of both steam boilers with turbine ex-
haust gases channel are etimated to be 1.215.000 € [1]. On the other hand, a new
waste-heat boiler costs 3.532.000 € [1]. To make the final decesion whether the recon-
struction of boilers is technically feasible, considering significantly lower price, the esti-
mation of the remaining operating lifetime of boilers has to be made.
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AnctpakT

Jpazan TYIHIAKOBHR', Tuiuocrae KHBAHOBHR',
Munaan IETPOBHUR', Baaoan HBAHOBHR? Casa JIASHR?

I Maunckn ¢akynrert, Yuusepauret y beorpany, beorpan, Cpouja
2 Maumnckn daxyarer, Yunsepsurer y Ilogropmmu, Iogropumna, Lipua Fopa
3 Akumonapcko apymrso Meranoncko cuphernn Kommieke

(MCK), Kukunpa, Cpouja

Texnnuko pemewe kopuumhema Tomnore
M3yBHUX racoBa U3 racHe TypouHe y nocrojehum
napauM Kotiaosnma y MCK Knknnpa

Y okBupy enepretuke Meranoincko cuphetHor Kommiekca y Knknunm Hanase ce,
TIOpeft IPOIECHOT KOTJIa M ocTaje npatehe onpemMe, Tpu jefHaKa MapHa KOTIa IPOU3BOAKE
»Munen-Kornorpaama” Koju cy npeABIUbeHn 3a caropeBame MPUPOAHOr raca, Ma3yTa H
MIPOLIECHUX IacoBa.

Y nmby nosehamwa enepreTckor Kananurera eneprane MCK Kukunga npensu-
bena je yrpagma jegHe racue Typoune cHare 14 MW. C 063upoMm ja U3yBHU TacOBU U3
racHe TypOWHE IMajy PellaTUBHO BUCOKY TEMIIEpaTypPy ¥ BEJINKY KOJIMYNHY Henckopuirhe-
HOT KHCEOHHMKa U3 Ba3fyxa, NpeBubeHo je 1a ce OHM Mojielie Ha [IBe jefHaKe CTPYje U fia ce
yBeqy y iiBa nocrojeha mapua kotia npopykiuje o mo 16,67 kg/s (60 t/h).

Jla O6u ce nCKOpUCTHUIIA OBa TOIJIOTA U3[yBHUX racoBa, KA0 M KUCEOHHK CafpKaH y
IUMa, HEONXOJIHO je MPBO 3aMEHHUTHU NMOcTojehe roproHNKe U M3BPIIMTU HEONXOJHE pe-
KOHCTPYKIIFje TPEJHNX MOBPIIMHA Y BEPTUKAIHOM KOHBEKTHBHOM IaCHOM KaHaJly HapHOT
koTna. OcuM Tora noTpebHO je MPOBEPUTH fia JIU OCTojehr BeHTUIIATOp 3a TUMHE racoBe
MOKeE J1a 33]I0BOJbH HOBH PEXKIM pajia Ipy KOME C€ Y jeflaH KOTao yBOJIY ITOJIOBIHA U3/[yBHHUX
racosa TypOUHE.

Kibyane peun: 2acHa iiypbuna, u3oyeuu zac, uapHu Koiao
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