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1. Gathering data for boiler heat balances (@) K3REAFNERCY

€ Performing heat balance about boiler’s input/output heat flow

= Find out input/output component and scale
= Find out system operating performance
= Find out energy loss factor

= Find out energy saving and efficiency improvement ideas

¢ Data collection and calculation method about operating status for
Boiler heat balance is regulated in Korean Industrial Standard
(KSB6205: Heat balance method of the land forced boiler)
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1. Gathering data for boiler heat balances (@) REREF=R

= Operating status data is usually the result of the devices operated for long time (more than

one hour) in constant load.
= Keep out blow down, soot blow, grab sample, leakage during measurement.
= Check the status of the devices, and correct exactly with test condition.
= Heat balance unit
- Unit fuel amount (1kg or INm’)

- Total input heat amount by unit time (multi fuel fired boiler, waste heat boiler, etc.)

= Fuel caloric value: use higher heating value (Be specified when lower heating value is used)
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1. Gathering data for boiler heat balances (@) REREF=R

= Standard temperature
- As arule, it is based on the outdoor temperature, but interior temperature or 0 C in cases.

= Steam quality : Apply steam quality above 98%
= Boiler efficiency calculating method
- Input and output heat : method to calculate effective output heat among total input heat amount

- Heat loss : method to calculate heat loss first, and use the rest as the effective heat among total

input heat amount

= Heat calculation of waste heat boiler is done by total input heat amount in unit time.

= Electrical energy is calculated as 860kcal per kWh
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1. Gathering data for boiler heat balances
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1. Gathering data for boiler heat balances (@) REREF=R

= Standard temperature

- Be measured where there is no sunlight or device’s radiant heat

= Fuel consumption

- Solid fuel : Be measured right before combustion to avoid water vapor evaporation after measurement
- Liquid fuel : Be measured by volumetric flow meter, then be converted to weight (mass) flow
- Gaseous fuel : Be measured by volumetric flow, then be converted to standard condition (0C, lata)

* Fuel supply temperature

- Solid fuel : Be applied by measuring supply temperature

- Liquid fuel : Temperature of front/back of fuel heater be measured

- Gaseous fuel : Temperature supplied to the burner be measured
(usually be applied with room temperature)
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1. Gathering data for boiler heat balances (@) REREF=R

= Measuring water supply amount and temperature

- Be measured with volumetric flow meter, orifice flow meter.

- Exclude water supply amount to be used for super heater and re-heater while supplying water

- Convert measured volumetric flow to weighting flow

- Supply water temperature is measured in the entrance of the economizer, or in the entrance of
the boiler if economizer is not installed.

= Measuring combustion air

- Calculate theoretical air amount by fuel composition
- Analyzing exhaust gas, and calculate with excess air ratio to find out actual combustion air amount
(Be measured with flow meter at the exit of the fan or air preheater with actual measurement)
- Air temperature for combustion is measured at the entrance/exit of gas air preheater, (GAH)
and steam air heater (SAH).
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1. Gathering data for boiler heat balances (@) REREF=R

= Generated steam flow

- Use the measured value of water supply flow meter (The measured value of steam flow meter

can be used as a reference)

- If generated steam is partially used in heating fuel, atomizing, or air preheater, subtract them
from water supply flow

- Water intermittently be supplied, then water supply measurement should be checked with
water level at the beginning and the end of the test equal.

- Steam amount at the entrance of re-heater is subtracted from main steam amount by steam
turbine grand steam amount and additional steam amount.

- Super heater and re-heater exit steam amount: : entrance steam amount+ spray amount
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1. Gathering data for boiler heat balances (@) REREF=R

= Pressure of the generated steam

- Saturated steam : measured and confirmed at boiler drum and main steam line
- Superheated steam : measured and confirmed at the exit of super heater and re-heater

= Saturated steam quality

- Measured at the exit of boiler drum
(If the data is difficult to obtain, use simple method and apply 98%)
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1. Gathering data for boiler heat balances (@) K3REAFNERCY

= Exhaust gas amount

- Analyzing exhaust gas composition and calculate exhaust gas amount by using excess air ratio
(measure multiple points with cross section at the area of measurement)

= Exhaust gas temperature

- Measure before/after temperature of economizer, air preheater

= Measuring the condensing water amount in the exhaust gas

- Measure quantity and temperate when vapor in the exhaust gas is condensing.

= Fan pressure

- Combustion air is measured at the outlet of the positive blower
- Exhaust gas is measure at the exit of the final heat exchanger
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1. Gathering data for boiler heat balances (@) K3REAFNERCY

= Measuring combustion residue

- Ignore liquid and gaseous fuel, Solid fuel is measured following the calibration method.

= Measuring waste heat boiler

- Measure input gas air flow, temperature, pressure, and composition
- Measure gas air flow and convert into standardized form
- Measure temperature at the entrance/exit of the boiler

(Use average value of multiple values in the cross-sectional area)

- Gas composition analysis
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1. Gathering data for boiler heat balances (@) REREF=R

= Measuring cycle

- Generally measure every 10~30 minutes depending on the measurement object and condition
- Steam pressure and temperature, supply water temperature: every 10~30 minutes

- Water supply amount and fuel consumption: Every 5~10 minutes

- Temperature and pressure of the air and exhaust gas : Every 15~30 minutes

- Sampling of the exhaust gas : every 30 minutes
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1. Gathering data for boiler heat balances

® Measured data

@ Device status
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: : %, KOREA ENERGY
2. Boiler heat balance practice (@ AGENCY

€ Question) water-tube 60t/h is measured on site, and its fuel consumption was
2,9401/h, fuel supply temperature 85C, supplied water 43,386%/h, supplied water
temperature was 90C, and air for combustion temperature was 35 C before APH and
159 C after APH. Also, exhaust gas temperature was 200 C after APH. O2 concentration
was 8%, Steam generating pressure is 7kg/cm?-g(Steam enthalpy: 651kcal/kg, steam
quality: 0.98)
(fuel caloric value: 9,870 kcal/kg-fuel,theoretical combustion air amount Ao:10.709 Nm3/kg,
Theoretical exhaust gas amount Go:11.494Nm3/kg, specific heat of the exhaust gas: 0.33
kcal/Nm?3- C, specific heat of the air: 0.31kcal/Nm3-C , Atomizing steam inside the furnace:
265kg/h, Blow Down: 1,000 kg/h, Specific volume of supplied water: 1.03579t/kg, fuel
density:0.95kg/t, fuel volume correction factor:0.954 )
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2. Boiler heat balance practice #) AGENCY

€ Boiler heat balance range
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2. Boiler heat balance practice

€ Measurement result in table

KOREA ENERGY
AGENCY

Unit Measured value Note
Exterior temperature °C
Interior temperature °C
Name - Use sulfur 0.3%
Fuel Used amount £/h Fuel ratio :0.95
Providing temperature °C
Water Water supply amount £/h
supply Water supply oC
temperature
Steam Evaporation amount Kg/h
Evaporation pressure Kg/cm?g Steam quality:0.98 applied
Air for Temperature before °C
combusti APH
on Temperature after APH °C
Exhaust | APH exit temperature °C
gas 02 composition %
Blow Down kg/h
Atomizing steam Kg/h Used custom Steam
Theoretically combusted air Nm3/kg-fuel
Theoretically exhaust gas Nm3/kg-fuel




2. Boiler heat balance practice(Steam Table) KaENCy ey
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2. Boiler heat balance practice

€ Measurement result in table

KOREA ENERGY
AGENCY

Unit Measured value Note
Exterior temperature °C 15
Interior temperature °C 35
Name - B-C Use sulfur 0.3%
Fuel Used amount t/h 2,940 Fuel ratio :0.95
Providing temperature °C 85
Water Water supply amount £/h 43,386
supply Water supply °C 9
temperature
Stearm Evaporation amount Kg/h 40,622
Evaporation pressure Kg/cm?-g 7 Steam quality:0.98 applied
Air for Temperature before °C 35
combusti APH
on Temperature after APH °C 159
Exhaust | APH exit temperature °C 200
gas 02 composition % 8
Blow Down kg/h 1,000
Atomizing steam Kg/h 265 Used custom Steam
Theoretically combusted air Nm3/kg-fuel 10.709
Theoretically exhaust gas Nm3/kg-fuel 21/4§1.443




( KOREA ENERGY

2. Boiler heat balance practice #) AGENCY

€ Basic computation

A) Consumed fuel
= measure fuel amount({/h) x density(kg/t)x volume correction factor
= 2,940 t/h x 0.95 kg/f x 0.954 = 2,666 kg/h
Note) diesel oil volume correction factor= 0.9754 — 0.0006 x (temperature before flow meter -50)=0.954
B) Supplied water
= Measured supplied water (£/h) + specific volume of the supplied water (£/kg)
= 43,386 + 1.03579 = 41,887 kg/h
C) Generated steam
= Supplied water(kg/h) — Blow Down (kg/h) — Atomizing steam inside the furnace (kg/h)
= 41,887 — 1,000 — 265 = 40,622 kg/h
D) Generated steam per 1kg fuel
= Generated steam(kg/h) + consumed fuel (kg-fuel/h)
= 40,622 + 2,666 = 15.28 kg/kg-fuel
E) Excess air ratio
=21 +(21-8)=1.62
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: : %, KOREA ENERGY
2. Boiler heat balance practice (@ AGENCY

€ Heat input

A) Heat value of the fuel
= 9,870 kcal/kg-fuel
B) Fuel's sensible heat
= Specific heat of the fuel(kcallkg- C) x (supply temperature — exterior temperature)(C)
= 0.45 x (85 -15) =31.5 kcal/kg-fuel
C) Air’s sensible heat
= theoretical combustion air amount (Nm3/kg-fuel) xexcess air ratio x specific heat(kcal/Nm?- C)
x(APH entrance temperature — exterior temperature)(C)
=10.709 x 1.62 x 0.31 x (35 -15)
= 107.3 kcal/kg-fuel
D) Total heat input
= Heat value of the fuel + fuel’'s sensible heat + air’s sensible heat
=9,870 + 31.5 + 107.3
= 10,009 kcal/kg-fuel
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. . KOREA ENERGY
2. Boiler heat balance practice @ AGENCY

€ Heat output

A) Heat absorption of the generated steam
= Evaporated fuel per 1kg(kg/kg-fuel) x (steam enthalpy — water supply enthalpy)(kcal/kg)
= 15.28 x (651-90) = 8,572 kcal/kg-fuel

Note) steam enthalpy = water supply sensible heat + latent heatx vapor quality

B) Exhaust gas heat loss

= {Theoretical exhaust gas amount + (excess air ratio-1) x theoretical combustion air amount}(Nm3/kg-fuel)
x specific heat(kcalNm3: ‘C) x (APH exit temperature — entrance temperature)( C)

={11.443 + (1.62 -1.0)x10.709}x0.33x(200-15) = 1104 kcal/kg-fuel

C) Blow Down emission calories
= Blow down per 1kg (kg/kg-fuel) x (blow down water enthalpy — water supply enthalpy)(kcal/kg)
=0.375 x (171.5 -90) =30.5 kcal/kg-fuel

D) Atomizing steam heat loss inside the furnace
= Atomizing steam per 1kg x(steam enthalpy after APH — water supply enthalpy)
= 0.1 x (666.6 -90) = 57.3 kcal/kg-fuel
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: : %, KOREA ENERGY
2. Boiler heat balance practice (@ AGENCY

€ Heat output

E) Radiant heat, electric heat, and other heat losses
= Input heat total — (heat absorption of the generated steam + exhaust gas heat loss + Blow Down emission
calories + Atomizing steam heat loss inside the furnace)
= 10,009 —(8,572 + 1,104+ 30.5 + 57.3)
= 245 kcal/kg-fuel
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: : %, KOREA ENERGY
2. Boiler heat balance practice (@ AGENCY

€ Performance

A) Boiler load factor
= (Generated evaporation amount + maximum continuous evaporation amount) x 100
= (40,622 + 60,000) x 100
=67.7%
B) Boiler efficiency by input and output heat (%)
= (Absorption heat of the generated steam =+ total heat input) x 100
= (8,572 + 10,009) x 100
= 85.6 %
C) Boiler efficiency by heat loss (%)
= (1- heat loss total/total heat input) x100
= (1-(1,104+30.5+57.3+245)/10,009) x 100
= 85.6 %
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[Reference] Heat loss of flue boiler [Reference] Heat loss of water tube boiler
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€ Heat balance table and performance
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o |Is exhaust gas temperature appropriate?

O Is boiler’s excess air ratio is properly maintained?

o |s there a way to raise supplied water’s temperature?

o Is amount of Blow Down appropriate? Is waste heat properly recovered?
o Is there a leakage in air preheater?

o Is there an unshielded area such as valves?

o |Is steam trap properly installed?

o Is the retrieval method of steam condensed water appropriate?

o Is the operating pressure of supplied water pump appropriate?
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€ Recovery ideas

» \When using gaseous fuel,
* Installing ECONOMIZER ‘ » Be considered preferentially when installed location is narrow
= Substitute existing GAH (additional heat recovery)

_ _ = Check if exhaust gas can cause corrosion
* Installing air preheater

= Make sure installation space is adequate

» Prevent leak for air preheater = Check existing heat exchanger ‘s air-leak status and sealing

- Installing corrosion-resistance * Additional installation at the back of existing heat
heat exchanger exchanger (strengthen heat recovery)
= Be applicable in incinerator, etc.
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ﬁ Calculating boiler energy saving expected effect
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Adjusting excess air ratio

» Appropriate excess air ratio is different by structure of the boiler, used fuel, burner
operating characteristic, operating load condition, etc.

» Decide proper degree considering Boiler’'s combustion device operating characteristic,
control method and condition, operation load condition, operating log comprehensively.
* Introduce O2 triming system, use air-fuel ratio control device to move the location of the

level position.

€ Measurement point

» Use gas analyzer in the exit of the main body to find out concentration of O2%,
CO2 %, CO in the exhaust gas.
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Calculating method of expected effect

 Saved calories (Q)
Q=(mM1-m2) x Ao x Ca x (tg - ta)

m1 : excess air ratio before improvement

M2 : excess air ratio after improvement

Ao : theoretical combustion air amount (Nm’/kg-fuel)
Ca : specific heat of the air (kcal/Nm’- C)

tg : exhaust gas temperature (C)

ta : exterior air temperature (C)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Question) Find out fuel economy effect when boiler’s excess air ratio changes from

current 8% to 4%.

(Input calories 10,009 kcal/kg-fuel, theoretical combustion air amount Ao:10.709 Nm3/kg,
Specific heat of air: 0.31kcal/Nm3-°C, annual fuel usage amount:22,394,0008/yr; unit fuel price: 0.9%/4)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Solution)
1)Excess air ratio before improvement: 1.615= 21/(21-8)
2)Excess air ratio after improvement: 1.235=21/(21-4)
3)Q(Saved calories) = (ml - m2) x Ao x Ca x (tg - ta)
208kcal/kg-fuel = (1.615 — 1.235)x10.709 Nm3/kg-fuelx0.31kcal/Nm3 x(200°C - 35°C)
4)Fuel saving rate=saved fuel/heat input
0.02=208kcal/kg-fuel + 10,009 kcal/kg-fuel
5)Fuel saving amount= fuel saved amount x annual fuel usage amount
465,3768/yr = 0.02 x 22,394,000¢/yr
6)Fuel saved cost = fuel saved amount x unit fuel price
418,838 $/yr=465,3764/yr x 0.9$/1
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3. Calculating boiler energy saving expected effect (@) kaeney "

®ldeas for raising supplied water temperature

« Install Economizer, heat recovery device of exhaust gas, and preheat supplied water
(Decide installing location and raising supplied water available condition by considering used
fuel condition, corrosion causing factor at low temperature, composition and space condition of
the device)

» Recover condensed water(Steam Drain) as much as possible

* Recover waste heat generated by the process to preheat supplied water.

» Recover evaporating steam of the open tank as much as possible, make water supply tank to

pressure tank
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3. Calculating boiler energy saving expected effect

€ Calculating method of expected effect

» Calculate saved calories (Q)

Q={Go +(m-1) x Ao} x Cg x (tgl - tg2)}

Go : theoretical exhaust gas (Nm'/kg-fuel)

Ao : theoretical combustion air (Nm’/kg-fuel)

tg2 :

. excess air ratio

. average specific heat of exhaust gas (kcal/Nm’. C)
tgl :

exhaust gas temperature before improvement (C)

exhaust gas temperature after improvement (C)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Question) Calculate fuel economy effect if heat exchanger is installed and heat
recovered boiler’'s exhaust gas from current 200 C to 150C
( Heat input 10,009 kcal/kg-fuel, theoretical combustion air Ao:10.709 Nm3/kg,
theoretical exhaust gas G0:11.494Nm3/kg, excess air ratio after improvement 1.235,

specific heat of exhaust gas: 0.33kcal/Nm3- C, annual fuel usage:22,394,000¢/yr,
fuel unit price: 0.9%/1)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Solution)
1)Q(saved calories) ={Go + (m - 1) x Ao} x Cg x (tgl - tg2)}
231kcal/kg-fuel={11.494 Nm3/kg-fuel+(1.235-1)x10.709 Nm3/kg-fuel}x0.33kcal/Nm3
x (200 - 150C)
2)Fuel saving rate=saved calories/heat input
0.023=208kcal/kg-fuel + 10,009 kcal/kg-fuel
3)Fuel saving amount = fuel saving rate x annual fuel usage amount
515,062{/yr = 0.023 x 22,394,000{/yr
4)Fuel saved cost = fuel saving amount x unit fuel price
418,838 $/yr=465,3764/yr x 0.9%/¢
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Calculating Economizer heating surface area

» Calculating Economizer heating surface area
* Q = UxAxLMTD, so
A= Q/(UxLMTD)

Q : Recovered heat in exhaust gas (kcal/h)

U : Economizer total heating coefficient (kcal/m?-h-C)
where, 50 kcal/m?-h-C applied

LMTD : Algebraic average temperature (C)
where, LMTD=(AT;-AT,)+In(AT,/AT,)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Question) Find out heating surface area of the supplied water if heat exchanger is

installed and recover exhaust gas heat from 200C to 150C.
(Exhaust gas recovery ratio: 0.9, total heating coefficient of the supplied water heat

exchanger: 50 kcal/m?-h-C, specific heat of the supplied water: 1kcal/kg- C)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Solution)
1) Exhaust gas recovered calories = recovered calories x 0.9
207.9kcal/kg-fuel=231kcal/kg-fuel x0.9
2)Available raising boiler supplied water temperature (C)
=Exhaust gas recovered calories (kcal/kg-fuel) xfuel usage (kg-fuel/h)
+{(supplied water(kg/h) x specific heat of the supplied water(kcal/kg- C)
13.23°C = 207.9kcal/kg-fuelx2,666kg-fuel/h +{(41,887kg/hx1 kcal/kg- C)}
3) Algebraic average temperature(LMTD)=(AT,-AT,)+In(AT,/AT,)
97°C = (146.77°C- 60°C)+In(146.77°C/60C)
where, AT,=Economizer exhaust gas temperature at the front — Economizer supplied
water temperature at the back
AT,=Economizer exhaust gas temperature at the back — Economizer supplied
water temperature at the front
4)Heating surface area= Exhaust gas recovered calories+ (Economizer total heating coefficient xLMTD)
114.3m? = 207.9kcal/kg-fuelx2,666kg-fuel/h+(50 kcal/m?-h-C x 97C)
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3. Calculating boiler energy saving expected effect (@) kaeney "

€ Solution)
Algebraic average temperature (LMTD): exponential value of the average temperature

difference which is used to calculate heat exchanging calories for heat exchanger.

200C
AT,: 146.77°C

Exhaust gas
103.23C

150°C

AT, 60°C Supplied water
90T
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