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PREDICTING BOILER EFFICIENCY DETERIORATION USING ENERGY
BALANCE METHOD: CASE STUDY IN 660 MW POWER PLANT JEPARA,
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ABSTRACT

This research aims to determine the deterioration of boiler efficiency in Tanjung Jati B Unit 3 and 4 coal-
fired power plant with capacity 2x660 MW in Jepara Central Java Indonesia using energy balance (indirect method)
based on ASME PTC 4-2018. The deterioration of boiler efficiency per year estimated using linear regression. From
the results of the research, it is found that the deterioration in boiler efficiency of unit 3 is 0.19% per year and unit 4
is 0.44% per year. Large heat losses that vary for each performance test are greatly influenced by the use of various
coal properties.
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INTRODUCTION

The efficiency of pulverized coal-fired power plant is influenced by design and operating parameters
including operating pressure on high pressure (HP) turbine, intermediate pressure (IP) and low pressure (LP), boiler
efficiency, the water content in coal, preheated air temperature, main steam temperature and reheated steam
temperature [1]. In addition, the characteristic of coal can affect the efficiency, reliability, and availability of boiler
and emission control part [2].

Petcoke coal which has a low reactivity compared to Indian coal can cause lower outlet furnace
temperatures. Combustion can be optimized using a higher design furnace to avoid burning outside the furnace. This
can cause variations in exhaust temperature which can affect the performance of the superheater and reheater [3].
The use of coal with Gross Calorie Value (GCV) will increase boiler efficiency. The ash content and moisture in coal
will also have an effect on boiler efficiency. The result shows that testing using semi-bituminous coal produces an
efficiency value of almost 3% because it has a higher GCV, smaller ash, and moisture content compared to Indian
lignite coal which had greater ash and moisture content [4]. The high ash content of coal gives a significant impact in
determining boiler design and equipment. The spread of ash by radiation near the water wall will prevent the
absorption of heat in the water wall. The ash that melts at high temperatures in the furnace will catch the water wall
and cause slagging. Ash particles that release heat in the convection zone will cause pipe fouling [5].

The efficiency of the boiler will have a direct effect on the generator's heat rate. Where boiler efficiency
increases by 1%, it will reduce the plant's heat rate by 1%. In other words, to maintain the desired heat rate, boiler
performance must be increased, by reducing various heat losses and controlling the flue gas temperature [6]. In
addition, the performance of a power plant will decrease if operated at a partial load. [7]

A suitable method for estimating boiler efficiency due to the influence of hydrogen in coal is a linear
regression method. The efficiency of the boiler has a very close relationship with hydrogen content in fuel, so this
method can simplify the steps in finding boiler efficiency [8].

This research aims to determine the deterioration of boiler efficiency in Tanjung Jati B Unit 3 and 4
(TJB#3,4) coal-fired power plant with capacity 2x660 MW in Jepara Central Java Indonesia using energy balance
(indirect method) based on ASME PTC 4-2018 [9].
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SYSTEM DESCRIPTION

TIB #3,4 power system has capacity of 2x660 MW with the main components boiler (steam generator),
turbine, generator, primary air fan, forced draft fan, induced draft fan, chimney, boiler feed pump motor, turbine
boiler feed pump, condensate feed pump, electrostatic precipitator, flue gas desulphurization.

The two Steam Generators (SG) which is one of the major parts of the coal-fired power plant is maximum
continuous rating (MCR) 2,285 t/hr, with associated auxiliaries. It is fired with coal and capable to be fired with light
fuel oil (LFO) for start-up, low-load, and shutdown purposes. The steam from each SG is passed to its associated
steam turbine and, each of the two units can be operated completely independent of each other. The steam generator
is sub-critical, drum-type design, forced circulation, top-supported, two-pass, outdoor type with single reheat and
consisting of a water-cooled furnace, superheaters, reheaters, and economizers. The design lives steam parameters
are 174.3 bar and 541°C and the reheat steam parameters are 37.5 bar and 541°C. The steam generator is capable of
variable pressure operation (sliding pressure).

The hot water from HP heaters enters into economizer tubes, where the water absorbs heat from the
outgoing flue gas. The outlet of the economizer is connected to the bottom half of the steam drum. The water flows
down from the steam drum to the boiler water circulation pump (BCP) suction manifold. The BCP circulates the
water through the downcomer pipes to the water wall headers and through the furnace wall tubes to the drum. The
water is converted to steam in the furnace walls by absorbing heat generated by the combustion of fuel. The steam-
water mixture flows to the steam drum, where it is separated into steam and water.

The steam is further heated in the primary, secondary and tertiary superheater and then supplied to the steam
turbine through main steam piping. The exhaust steam from the HP turbine flows back to the boiler through the cold
reheat piping and is reheated in the reheater. The hot reheat steam is supplied to the IP turbine through hot reheat
piping. The main steam temperature is controlled by two-stage attemperation, by spraying water in the desuperheater
located between the primary superheater and secondary superheater, and between secondary superheater and tertiary
superheater. Similarly, the reheat steam temperature is controlled to the desired value by burner tilting mechanism.
However, there is a desuperheater provided at the inlet of reheater to spray water in case of emergency.

o

Figure 1.Typical Pulverized Coal-Fired Steam Generator with trisector Air Heater [9]
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The auxiliary steam required for the burner atomizing steam and pulverizer inert steam is supplied from the
boiler tertiary SH inlet header after necessary pressure reduction. Soot blowing steam is also supplied from the
tertiary SH inlet header.

A blowdown tank is provided to receive the various drains from the boiler pressure parts like economizer,
water walls, steam drum, soot blower and auxiliary steam lines etc. The hot drains from blow down tank are led to
the boiler drain pit after suitable attemperation.

Testing Conditions (Performance test) is carried out at 660 MW load (100% load). Testing is carried out twice
in a year and in two different periods. That are the rainy and dry periods. This is due to the weather condition, which
may affect the level of water content in coal, ambient temperature, and moisture content.

In order to obtain a reliable and comparable result of the test consecutively, internal testing conditions must be
carried out according to the standard. The following conditions must be done as a minimum standard when testing:
boilers must be operated in automatic control mode, the turbine generator must be kept at a constant load of 660 MW
net, continuous blowdown (CBD) must not be operated during the testing process, all soot blowing process must be
carried out and completed before testing and must be stopped during the test, coal silos must be filled with sufficient
quantities for testing with the same coal, coal filling (coal unloading) may not be carried out during testing, each ash
hopper must be emptied at least 2 hours before the test is carried out, all drain line valves must be closed.

ANALYSIS

There are two methods to calculate boiler efficiency, namely by the direct (input-output) method and
indirect (heat losses/energy balance) method. In the input-output method, the addition of total heat to the working
fluid in the economizer section, the evaporator, heat and reheating are calculated and the results are divided by the
fuel input energy. The uncertainty of the direct method is quite large between 3% -6% because it is very difficult to
measure the flow rate of fuel and working fluid with an accuracy of more than about 5%, so this direct method is not
too accurate and is not used in the calculation of boiler efficiency(EF), as defined in eq.1[9]:

EF = 100 (M) =100 (—%2_) (1)

Input MyFXHHVF

where QO is output, M/F is the measured mass flow rate of fuel, HHVF is higher heating value of fuel

The basic equation of EF on the energy balance method is presented in eq.2. This method has a small
uncertainty between 0.4% -0.8%, so this method is widely used in the practice of calculating boiler efficiency. In this
method, it is considered that the total fuel input energy is transferred to the working fluid or lost in various ways, but
this loss can be known. There are 6 kinds of heat losses in the boiler and all is calculated in the form of energy losses
per unit mass of fuel (kJ/kg) or (Btu/Ib).

— _ _ @0
EF = (100 — $,,Q, L + 5,,QpB) (Qro+strL—strB> 2)
where S;,QpL and S,,,Q, B are the sums of losses and credits calculated on percent input from fuel basis, S, QL and

Sm QB are the sum of the losses and credits calculated on Btu/hr (W) basis, or boiler efficiency (1) can be expressed
in eq.3[107]:

7= [100 _ {(L1+L2+L3+L4+L5—Bl)}] % { Q0 } 3)

(HFx100+Lg) Qr0-B,

where 1 is heat loss due to heat in dry gas, L, is heat loss due to moisture in fuel, L5 is heat loss due to moisture from
burning hydrogen in fuel, L, heat loss due to moisture in air, Ls is combustible in refuse, L¢ is heat loss due to
surface radiation and convection (according to ABMA chart), Hf is fuel higher heating value, B; is heat credit
(entering dry air, sensible heat in fuel, moisture entering with inlet air), B, is pulverizers, boiler circulation pump, air
preheater drive power consumption, Q,.0 is boiler heat output.
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Other losses, such as losses due to unburned combustibles (unburned hydrogen and hydrocarbon, carbon
monoxide), sensible heat of residue, Nox formation and radiation to bottom ash hopper and sensible heat in slag, etc.
are not considered for the boiler efficiency calculation because the magnitude of the losses is negligibly small.

Heat loss due to heat in dry gas (L) is presented in eq.4.

L, = MEDF, x HDF,L,C, )

where MF.DF is dry gas, HDF, L, C, is enthalpy of dry gas at air heater (AH) outlet gas.
Heat loss due to moisture in fuel (L,) is presented in eq.5.

L, = MEWF x HW,L,C, (5)

where MF,.WF is moisture from water in fuel, HW, L, C, is enthalpy of water vapor at AH outlet gas
Heat loss due to moisture from burning hydrogen in fuel (L3) is presented in eq.6.

L, = MEWH,F X HW,L,C, (6)

where MF.WH,F is moisture in the combustion of hydrogen in fuel, X HW,L,C, is enthalpy of water vapor at AH
outlet gas (hydrogen and water in the fuel are all defined to water vapor)
Heat loss due to moisture in air (L) is presented in eq.7.

L, = MF,WDA X ME,DA x HW,L,C, 7

where MF,.WDA is absolute humidity, MF,.DA is dry air.
Combustible in refuse (Lsg) is presented in eq.8.

Ls = M,U,C x 33700 (8)

where M,,U,C is unburned carbon in fuel
Heat credit (B,) is presented in eq.9.
B, = Q,BDA + Q,BWA + Q,BF ©9)

where Q,BDA is entering dry air, Q,BWA is moisture entering with inlet air, Q,BF is sensible heat in fuel.

Pulverizers, boiler circulation pump, air preheater drive power consumption (B,) is presented in eq.10.
B, = QXpulv + QXbcp + QXan (10)

where QX,,,;,, is power consumption of pulverizer, QX},, is power consumption of BCP, QX is power consumption
of AH.
Boiler heat output is presented in eq.11.

Qra = ((va X Vl/vp)_ (Haalim X Waalim)_ (Hss X VVss) ) + (Vvvrec X (Hrc_Hrf) ) + (VVrs X (Hrc_Hrs) ) (1 1)

where H,,, is Super Heater (SH) outlet steam enthalpy, W,,, is main steam flow, Hg 4, is €co inlet water enthalpy,
Waaiim is eco inlet water flow, W,,,... is reheat steam flow, H,.. is Reheater (RH) outlet steam enthalpy, H,r is RH
inlet steam enthalpy, Wy, is SH spray water flow, Hyg; SH spray water enthalpy, W, is RH spray water flow, H, is
RH spray water enthalpy.
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RESULTS AND DISCUSSION

Calculation of losses and boiler efficiency at 2x660 MW TJB #3,4 Power Plant was carried out from
Commercial Operation Day (COD) to the last Performance Test (PT). Table 1 and Table 2 show the parameter data
for calculation. In Table 3 and Table 4, we can see losses and boiler efficiency for unit 3 and unit 4.

Boiler efficiency values vary for each performance test for both unit 3 and unit 4 boilers due to the coal
properties used also vary that indicated in Table 3 and Table 4. One of the coal properties that causes boiler
efficiency difference is the different calorific value of the used coal. The results of the 1 performance test of boiler
unit 3 with coal calorie 5900 kcal’kg, producing boiler efficiency of 89.71%, and the 10" performance test with
lower coal calorie of 5542 kcal/kg giving the efficiency of 88.38% indicated in Tables 1 and 3. Tables 2 and Table 4
present the result of the 13" boiler performance test obtained efficiency value of 89.08% with the calorific value of
5814 kcal/kg and lower efficiency value of 87.48% obtained from the use of coal with the calorific value 5456
kcal/kg. This is consistent with the results of previous research where the calorific value of coal will have a
significant effect on boiler efficiency. The higher calorific value of coal will increase as the value of boiler efficiency.

Table 1. The parameter data of boiler unit 3

DESCRIPTION 1 2 3 4 5 TEGST CONDI;ION VAL::E 9 10 11 12 13 UNIT
Higher heating value 5,900 5,455 5,919 5,841 5,735 5,806 5,899 5,723 5,821 5,542 5,805, 5,551 5,806| kcallkg-f
Carbon content (AR) 59.38 57.71 59.11 56.68 59.38 59.75 61.08 60.29 62.17 58.22 60.43 58.10 60.08
Hydrogen content (AR) 433 3.89 5.16 4.60 4.07 4.71 4.52 4.26 4.12 4.46 4.68 4.43 4.92
Oxygen content (AR) 13.36 12.56 11.81 14.85 12.27 12.04 13.09 12.20 10.54 10.83 11.08 10.79 11.82
Sulfur content (AR) 0.41 0.64 0.61 0.66 0.55 0.54 0.52 0.67 0.48 0.65 0.84 0.95 0.55 wt%
Nitrogen content (AR) 1.35 1.07 1.44 1.16 122 1.03 1.25 0.84 1.17 1.13 1.31 1.23 1.11
Ash content (AR) 6.17 5.52 5.44 5.18 4.94 5.89 3.89 4.79 5.52 4.39 5.36 5.00 2.89
Moisture content (AR) 15.00 18.62 16.44] 16.82 17.57 16.06, 15.65 16.95 16.00, 20.33 16.29 19.50, 18.63
Total moisture content 15.00 18.62 16.44 16.82 17.57 16.06 15.65 16.95 16.00 20.33 16.29 19.50 18.63
Fixed carbon content 40.37 39.61 40.27 40.56 40.15 40.86 41.78 41.97 40.48 39.56 40.17 39.71 40.85
Volatile moisture content 38.46 36.25 37.85 37.44 39.14 37.20 38.68 36.30 38.00 35.73 38.18 35.79 37.63 with
Ash content (AR) 6.17 5.52 5.44 5.18 4.94 5.89 3.89 4.79 5.52 4.39 5.36 5.00 2.89
Unburned carbon in fuel 0.0000] 0.0083( 0.0104| 0.0179| 0.0125] 0.0422| 0.0320( 0.0320] 0.0513( 0.0619| 0.0367| 0.0484| 0.0408
Carbon burned content 59.37 57.70] 59.10] 56.66 59.37 59.71 61.05 60.26 62.12 58.15 60.39 58.05 60.04]

AH 02 in dry flue gas 3.40 332 3.79 3.60 3.45 2.05 2.14 1.85 3.77 2.56 2.43 1.56 1.86 %
Unburned carbon in fly ash 0.10 0.16 0.19 0.35 0.25 0.71 0.82 0.66 0.92 1.39 0.68 0.96 1.39
(Adr:;bllfur:tb; Ir temperature 32.30 31.06 32.00 31.10 29.20 30.16 32.60 30.00 3131 32.00 30.28 3111 29.67

Absolute humidity 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02| kg/kg-da
I:crzgtei;y;rd A inlet 36.20 38.86 39.10 38.64 37.24 37.54 39.39 37.81 39.56 38.09 38.19 39.01 37.85

AH inlet tempering air (AH

inlet 1ry air) temp 48.30 50.61 50.77 50.48 48.93 49.79 51.20 49.88 51.35 50.13 50.33 51.49 50.34 o
Air preheater inlet gas

femperature 377.60| 390.49| 380.46| 371.77| 388.48 386.24| 385.01| 377.85| 389.07| 381.41| 381.14| 387.96 380.48

AH outlet gas temperature 142.70( 144.78| 143.76| 139.78| 146.63| 14842 151.86| 147.73| 148.56| 144.99| 148.14| 149.80| 145.74

The use of lignite coal with the calorific value 4300 kcal/kg will give the efficiency of 77.51% compared to semi-
bituminous coal with the calorific value 5800 kcal/kg producing 80.20% boiler efficiency[4]. Moisture in coal is also
the main parameter that gives effect to the efficiency of the pulverized coal-fired power plants [1]. From Tables 1 and
Tables 3, moisture in fuel at boiler unit 3 test performance at 15.00% gives in the efficiency of 89.71%, while in the
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10" performance test with greater moisture of 20.33% decreased efficiency to 88.36%. The effect of moisture in the
fuel on boiler unit 4 is shown in Tables 2 and Tables 4, where coal with moisture in fuel of 16.79% resulting in the
efficiency of 89.08% at the 13" performance test, while moisture in fuel 23.23% causing a decrease in efficiency to
88.18%.

Table 2. The parameter data of boiler unit 4

DESCRIPTION 1 2 3 4 5 TEGST CONDI;-ION VAL:E 9 10 11 12 13 UNIT
Higher heating value 5360 5266| 5650 5600 5553 G5618] 5258 5906 5469| 5456| 5352|5879 5814| kealkg-f
Carbon content (AR) 5439| 57.73| 57.27| 56.92| 57.82| 5848 57.07| 6169 56.60| 57.23| 5540 6031 59.48
Hydrogen content (AR) 393 411 395 402 431| 47| 394 554 a8 527 427 461 453
Oxygen content (AR) 13.78| 1235 1270] 1207| 11.42] 1251 995 1222 1251 1191 11.44] 1254] 13.06
Sulfur content (AR) 037 oso| o036 06| 053 057 0471 038 046 052| 047] 045|061 W%
Nitrogen content (AR) 119 119 124 131 o098 104 o079 125 130 125 113 118 128
Ash content (AR) soa| 58 507 701 373 448 506 351 357 672 407 401 426
Moisture content (AR) 2130 1831 1941 1801| 2123 1824 2272| 15.96| 2172| 18.43] 2323 1692 1679
Total moisture content 2130 1831 1941 1801| 2123 1824 2272| 15.96| 2172| 18.43] 2323 1692 1679
Fixed carbon content 37.77| 30.88| 3099| 3808| 3898 39.42 3808 4247 3964 3049 3832 4186 4118
Volatile moisture content 3389 3601 3553 36%| 3606 78| 3414 380s| 3107 3536 343 2 | o
Ash content (AR) 504 58| 507 701 373 448 506 351 357 672 407 401 426
Unburned carbon in fuel 0.0458| 0.0994| 0.1627| 0.0685| 0.0067| 0.1425| 0.0408| 0.1305 0.0689| 0.2592| 0.0806| 0.1118| 0.0528
Carbon burned content 543a| 57.63| 57.11| 56.86| 57.82| 5834 57.03| 6156| 5653| 56.97| 55.32| 60.19| 59.43
AH 02 in dry flue gas 42| 30 3| 391 309 23 292 260 254 228 2% 23 203
Unburned carbon inflyash| ~ 0.90|  169|  3.11| 097 018 308 os| 358 19| 371 194 271 12
a’:;bfur;;;" femperature 3370 318 3152 3082 3040 3094 3011 2067 2811 3092) 3024 3020 3222
Absolute humidity 002 002 002 002 002 002 002 002 002 002 002 002 002 kgkg-da
::ggzzy;e"m AH inlet 37.80| 3961 39.10] 37.86| 3861 4026| 38.10| 3748 3652 3058 3876| 39.67] 4109
AH inlet tempering air (AH
ikt 1y ai) temp 4940/ LS9 s  4957|  S0s0| 201 S028) 4905 4799| sL3s|  s0s4| sosp  s23
Air preheater inlet gas
temperature 365.70| 370.84| 370.01) 365.98 387.69| 389.06| 394.52| 389.94| 395.10| 376.78| 38852 39419 316.86
AH outlet gas temperature | 133.70| 138.01| 135.21| 138.41| 14334 14655 144.85| 14471 142.96| 143.70| 141.46| 148.43| 397.69

Table 3. Losses and efficiency boiler unit 3
2011 2012 2013 2014 2015 2016 2017

Yexr oD g ™ g 2™ 1 2™ 1 2™ 1 2™ g 2
Number of PT 1 2 3 4 5 6 7 8 9 10 1 12 13
L1(%) 4.89 5.24 5.16 4.66 5.18 4.96 5.08 4.9 5.54 5.04 5.12 498 4.86
12(%) 1.63 2.19 178 1.84 197 1.78 171 1.90 177 2.35 1.80 2.26 2.06
13 (%) 4,20 4,09 4,99 4.49 4,07 4.65 441 427 4,07 460 4.63 458 4.86
14 (%) 0.15 0.18 0.18 0.18 0.20 0.15 0.16 0.20 0.18 0.24 0.22 021 0.18
L5 (%) 0.01 0.01 0.01 0.02 0.02 0.06 0.04 0.05 0.07 0.09 0.05 0.07 0.06)
16 (%) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
B1(kg/kg-fuel) | 147.83| 164.78| 18543 166.10| 152.36| 150.85| 173.25| 151.00] 189.57| 162.23] 164.03] 160.92] 155.19
B2(Gl/h) 10470 1070|1068 1059 10.75|  1043] 1029] 10.14] 1004] 11.02] 1054 1045 9.85
Qro (Gl/h) 5510.93| 5589.31] 5517.97| 5556.44| 5603.23| 5589.56| 5650.30| 5590.45| 5606.28] 5609.69| 5670.64| 5576.90| 5565.27,
n (%) 89.71]  88.99] 8861] 89.46] 8919 89.00| 8927 8927 8.12| 836| 8383 857 859
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Table 4. Losses and efficiency boiler unit 4

2012 2013 2014 2015 2016 2017 2018
Year cop 7t I nd e nd e nd 7t ond 7t ond 7t
Number of PT 1 2 3 4 5 6 7 8 9 10 11 12 13
L1 (%) 4.75 5.22 4.54 4.87 5.03 5.01 5.24 5.11 4.91 5.00 4.88 4.97 5.07
L2 (%) 2.53 2.22 2.19 2.05 2.45 2.08 2.77 1.73 2.54 2.16 2.77 1.85 1.86
L3 (%) 4.17 4.44 3.97 4.10, 4.43 4.79] 4.29 5.37 5.04 5.53 4.56 4.50| 4.49
L4 (%) 0.17 0.18 0.17 0.18 0.15 0.20 0.14 0.14 0.17 0.17 0.18 0.19 0.16
L5 (%) 0.07 0.15 0.23 0.10 0.01 0.20 0.06 0.18] 0.10 0.38] 0.12 0.15 0.07
L6 (%) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
B1 (kg/kg-fuel) 159.51 180.47 167.63 159.48 162.96 177.21 153.80 160.04 134.35 170.31 157.49 171.89 182.58
B2 (GJ/h) 11.11 10.51 11.20 10.98| 10.83 11.00] 11.08 10.78 11.10 10.95 10.75] 10.29 10.68,
Qro (GJ/h) 5515.52| 5510.46|] 5459.65| 5513.53| 5496.88| 5498.02| 5506.91| 5467.85| 5502.93| 5554.52( 5533.27| 5541.61| 5552.22
n (%) 89.01 88.59 89.61 89.37] 88.62 88.45 88.19 88.10| 87.81 87.48] 88.18 89.01 89.08|
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© mL3
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Figure 2. Heat losses and efficiency of boiler unit 3
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Figure 3. Heat losses and efficiency of boiler unit 4

From Figures 3 and Figures 4 it is shown that the biggest heat losses are heat loss due to heat in dry gas
(L,), heat loss due to moisture from burning hydrogen in fuel (L3), heat loss due to moisture in fuel (L), heat loss
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due to moisture in air (L,), and combustible in refuse (Ls), but on 8" 9% and 10" performance test unit 4 it looks
heat loss due to moisture from burning hydrogen in fuel (L3) greater than the heat loss due to heat in dry gas (L,),
this is due to the hydrogen content (H) in coal is quite large. This is in line with the previous research that the value
of boiler efficiency is affected by the hydrogen content in the fuel. The higher of heat loss due to moisture from
burning hydrogen in fuel (L) will reduce boiler efficiency [8].

The deterioration of boiler efficiency is calculated using linear regression method [8]. Figure 4 shows the
linear regression method is only used in 4% ~ 13™ performance tests for boiler unit 3, due to the 1% ~ 3™ performance
test have significant deviation. Whereas in Figure 5, is only used for 3™ ~ 10" performance tests due to
15820 11% 12 and 13% performance also have a significant deviation. From the calculation results, it is found that
the deterioration of boiler efficiency for boiler unit 3 is 0.09% per 6 months or 0.19% per year and the deterioration
of boiler efficiency for boiler unit 4 is 0.22% per 6 months or 0.44% per year.

89,80
4
89,60 - y =-0,0965x + 89,787
R2=0,6441
89,40 - o
& 89,20 -
z
£ 89,00 - P
]
& 88,80 -
w
88,60 - L
88,40 - ]
88,20 T T T T T T
0 2 4 6 8 10 12 14
Number of Performance Test
Figure 4. The deterioration of boiler efficiency unit 3
90,00
89,50 - u
[ |
—~ 8900 | @ y =-0,2222x + 89,978 ¢ ¢
S R?=0,777
>
5 88,50 - ¢
£ m
& 88,00 -
87,50 - [ |
87,00 T T T T T T
0 2 4 6 8 10 12 14

Number of Performance Test

Figure 5. The deterioration of boiler efficiency unit 4
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CONCLUSION

The deterioration of boiler efficiency in Tanjung Jati B Unit 3 and 4 is successfully described using an
indirect method. The results of this study indicate that the biggest heat losses are heat loss due to heat in dry gas (L,),
heat loss due to moisture from burning hydrogen in fuel (L3), heat loss due to moisture in fuel (L,), heat loss due to
moisture in air (L, ), and combustible in refuse (Lg). The deterioration of boiler efficiency is 0.19% per year for units
3 and 0.44% per year for units 4. Variations in boiler efficiency values for each performance test caused by coal
properties used also vary. The cause of deterioration in boiler efficiency is the use of varying quality coal and the
accumulation of ash in the economizer which reduces heat transfer. It can be shown in 1% and 3" performance tests
of unit 3 boiler that gives us the conclusion that with the same calorific value produces much different efficiency
value, due to the others coal properties are different.
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NOMENCLATURE

B, Heat credit (entering dry air, sensible heat in fuel, moisture entering with inlet air) [kJ/kg-fuel]

B, Pulverizers, boiler circulation pump, air preheater drive power consumtion [kJ/hr]

EF Efficiency [%]

Haatim Eco inlet water enthalpy [kJ/h]

HDF,L,C, Enthalphy of dry gas at air heater (AH) outlet gas [kJ/kg]

Hy Fuel higher heating value [kJ/kg-fuel]

HHVF Higher heating value of fuel [J/kg]

H,. Reheater (RH) outlet steam enthalpy [kJ/h]

H.f RH inlet steam enthalpy [kJ/h]

H, RH spray water enthalpy [kJ/h]

Hg SH spray water enthalpy [kJ/h]

Hyp Super Heater (SH) outlet steam enthalpy [kJ/h]

HW,L,C, Enthalpy of water vapor at AH outlet gas (hydrogen and water in the fuel is all defined to water
vapor) [kJ/kg]

Ly Heat loss due to heat in dry gas [kJ/kg-fuel], [%]

L, Heat loss due to moisture in fuel [kJ/kg-fuel], [%]

L, Heat loss due to moisture from burning hidrogen in fuel [kJ/kg-fuel], [%]

L, Heat loss due to moisture in air [kJ/kg-fuel], [%]

Lg Combustible in refuse [kJ/kg-fuel], [%]

L Heat loss due to surface radiation and convection (according to ABMA chart) [%]

ME.DA Dry air [kg/kg-fuel]

ME,.DF, Dry gas [kg/104 kJ]

ME.WDA Absolute humidity [kg/kg-dry air]

ME.WF Moisture from water in fuel [kg/kg-fuel]

ME.WH,F Moisture in combustion of hidrogen in fuel [kg/kg-fuel]

M,U,C Unburned carbon in fuel [kl/kg-fuel]

M,F Measured mass flow rate of fuel [kg/s]

Q,BDA Entering dry air [kJ/kg-fuel]

QqBF Sensible heat in fuel [kJ/kg-fuel]
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Q,BWA Moisture entering with inlet air [kJ/kg-fuel]
Q.0 Boiler heat output [kJ/hr]
QXan Power consumption of AH [GJ/h]
QXpep Power consumption of BCP [GJ/h]
QXpuiw Power consumption of pulverizer [GJ/h]
SmQplL Sum of losses [%]
SmQpB Sum of credits [%]
Sm QL Sum of the losses [Btu/hr]
SnQ.-B Sum of credits [Btu/hr]
Woaiim Eco inlet water flow [kg/h]
W, RH Spray water flow [kg/h]
Wy SH Spray water flow [kg/h]
Wop Main steam flow [kg/h]
Worec Reheat steam flow [kg/h]
n Efficiency [%]
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