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- A. Overview

» Steam excellently convey a large mass of heat. It is always 8
the heat, not steam that is wanted, and the heat is needed
. . . HEAT
not at the boiler or in the mains or anywhere else but at the
. . : TRANSFER
machines where heating processes are carried out.
» The elements in a boiler and steam systems are
generation, distribution and utilization. Optimal energy

ENERGY
conversion at each element is necessary in the industry. EFFICIENCY

» CEM and CEA can lead / direct a successful energy

management system and program with full knowledge of STEAM
the science and technology of the steam systems. ENGINEERING

- B. Learning Objectives

At the end of this course you will be able to:

= Examine the boilers and their steam systems;

= (Grasp the components of a steam plant, their functions and effects to the
energy efficiency;

= |dentify and prioritize key areas with corresponding actions to improve the
energy efficiency of boiler and the steam systems, and;

= Align your self to the requirements and capabilities of a CEM or CEA in this
area of energy management.

P




Boiler and Steam System

- C. Course Outline

. Overview

. Learning Objectives

A

B

C. Course Outline
D. Introduction
E. Steam Plant Components
F. Boiler Efficiency

= Practice

= Knowledge Review

- D. Introduction — Enthalpy and Heat Transfers

Heat IT IS ALL ABOUT HEAT
from fuel } TRANSFERS!/

Temperature Rise to boiling point
— SENSIBLE HEAT (Enthalpy of
Liquid) )

Boiler Temperature Rise to change

phase, liquid to vapor — LATENT ' Steam
Water |1 Enthaipy of Vapor)

e

Enthalpy of Steam Y  Heat, not steam is
needed in the process!

condensate |

steam re-supply

The process requires

N
]
i
Latent Heat, hy, :
1
4

| ———

condensate

-
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Boiler and Steam System

- E. Steam Plant Components

TYPICAL STEAM SYSTEM SET-UP
A. BOILER

B. ANCILLARY SYSTEM
B.1 Treatment System

Feedwater Treatment
= Make-up Water
= Feedwater
e Condensate Tank
e Deaerator Tank
e Economizer
e Boiler Blowdown

B.2 Distribution Network

Heat Loss and Recovery Units
= Heat Transfer Barriers

= Radiation and Convection

= Heat Recoveries

B.3 Integrated Control

I E.  Steam Plant Components - Typlcal Plant Steam Set-up

BOILER HOUSE

Chemical
Treatment

‘ Economlzer

BOILER

T

' WATER

PROCESS PLANT

Distribution b &
Network

Atmosphere

ﬁll'l

LPG or Fuel Oil

Condensate Tank

Steam
1Condensate Return Pump Unit

I E.  Steam Plant Components — System Configuration

Distribution and Utiization

Steam Mains
Flue Gas

BOILER

OOOOOOOOOOOOO
O000000O0

000_000
U

BOILERHOUSE
Fuel Supply RIGEICCRVEIC]

Fuel
Feed Feedwater

System

To Product Through HX!

un

Condensate Return
Pump Unit

1st .
2nd -
applied

PROCESS AREA

'Heat Exchanger
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Boiler and Steam System

I E.  Steam Plant Components — A. Boiler

Categories  1t— |FM (Internally Fired Multi-tubular)
of Boilers  Bojler » “Shell Boiler” » “Fire Tube Boiler’

20 — WT (Water Tube) Boiler

= Robust and heavy More efficient
Tolerate poor quality Welgh less for given output
feed water Less water for same power
Have large reserve of Generate steam faster
steam capacity High pressure / temperature
Longer response to Better at fluctuating demands Boisi iatos caiiisgy
demands of steam More expensive SA TRl

Usually cheaper High maintenance standard G s vmmiens & consutrants e
<
I E.  Steam Plant Components — A. Boiler
FIRE TUBE (or IFM) WATER TUBE
;{ Ste‘am
14

Hot flue
Boiler shell

Water

Economic Baller, Thre and Wet Back
esy of © Spirax Sar

= Fire outside of tubes or coil
= Water flow inside the tubes or coil §

= Fire inside the tubes
= Water flow outside the tubes

I E.  Steam Plant Components — A. Boiler

Sizing is measured in Joules (»Mega-Joules)

#lll Measured in kgs of steam per hour @ design
4l pressure

I e

Energy required to convert water t0100 °C, and then to
steam from/at 100 ‘C up to the desired pressure

Energy due from
Boiler Efficiency

Page 4 of 22




Boiler and Steam System

I E.  Steam Plant Components — A. Boiler - Energy Loss Points

Dry Flue Gas Loss

flue gas
\ temperature, 1% Good insulation can
Moisture in Air fuel saving n save up to 10% fuel
coLoe: § 7 @ WIS siesimuouaU

Moisture in Fuel
CO Loss

22% reduction in

Check quality of bottom
ash for combustion quality

5% reduction in excess air X 900 "+ - . Bottom Ash Loss
increases boiler efficiency by 1% (T e /
or 1% reduction of residual B

oxygen in stack gas increases -} /

boiler efficiency by 1%
Check TDS by installing

,‘;; - ',.\
2 ] e | | v
0 5 " auto-blowdown saves
Fuel Input, 100% ) = - " y 5% anaray
Air i -‘ ' I Blowdown Loss
[ Ai-Fuo! Ratio Loss | 2
= l —
IC
v

Air-Fuel Ratio Loss

60°C raise in feedwater temperature by economizer / condensate

recovery corresponds to 1% saving in fuel consumption

I E.  Steam Plant Components — B. AnciIIary Systems

B. ANCILLARY SYSTEM
B.1 Treatment System B.2 Distribution Network

Feedwater Treatment Heat Loss and Recovery Units
= Make-up Water = Heat Transfer Barriers
= Feedwater = Radiation and Convection
e Condensate Tank = Heat Recoveries
e Deaerator Tank
e Economizer
e Boiler Blowdown

B.3 Integrated Control

| INERS & CONSULTANTS ING

o

I E.  Steam Plant Components — B. Ancillary Systems — 1. Treatment System
WHY TREAT THE FEEDWATER TO THE BOILER? r

OPERATING OBJECTIVES CRITERIA FOR BOILER
FOR BOILERS: OPERATION
Safe operation,
Maximum combustion and . Freedom from scale
heat transfer efficiency,
Minimum maintenance, and
Long working life.

Freedom from corrosion
and chemical attack

The quality of the water l Good quality steam

used to produce the
steam will meet the FEEDWATER
acatd addressed-by-
objectives T n a TREATMENT SYSTEM
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Boiler and Steam System

I Steam Plant Components - B. Ancillary Systems — 1. Treatment System Ty p i Ca I S C h e m at i CS

E

Raw Water Day Tank m - (1) Make-up Water
Source Soft Water t; Treatment
Feed to RO? Jll RO Water Tank ﬂ

Chemical 1 (2) Feedwater Treatment
Softener Treatment -]
'—»J ' Economizer

Steam

ole e v | from boiler
Return Tank

1 Activated Carbon Filter

2Reverse Osmosis

Condensate

3Boiler Feedwater from
process
I E: Steam Plant Components — B. Ancillary Systems — 1. Treatment System M a ke'u p Wate r

Feedwater Treatment System

WATER CYCLE [ & RAW WATER
-«

Evaporation and ransportation
from surface water bodies, land
surfoce and vegetation

Hardness The
Silica | Treatment

o System

> Tt e ant Alkalinity mﬁst be
Acidity | designed

_ Dissolved to handie

Spirax Sarco® the raw

Solids ater

WATER TREATMENT ~ Suspended | parameters
(1) Make-up Water (2) Feedwater - Solids

S
Intertace  ground water

ground waler

E

I Steam Plant Components - B. Ancillary Systems — 1. Treatment System Ty p i Ca I S C h e m at i Cs

Raw Water Day Tank (1) Make-up Water

Source Soft Water m - Treatment
Feed to RO? [l RO Water Tank "‘

T

Chemical (2) Feedwater Treatment
Softener dieahnei; Deaerator

Economizer

Steam

from boiler

1 Activated Carbon Filter Fgg&(:sr:::]i Chemical BOILER
2Reverse Osmosis Condensate Treatment

from

process Blowdown

3 Boiler Feedwater
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Boiler and Steam System

_ el

E: Steam Plant Components — B. Ancillary Systems — 1. Treatment System @ M a ke'u p Wate I'

PARAMETER QUALITY

6.5-8.5
TH (Total Hardness) <10ppm

TDS (Total Dissolved Solids) ] <50ppm

Silica <15ppm
T-Alkalinity <40ppm

Feedwater

K
LJS TRAINERS & CONSULTANTS INC.
I E: Steam Plant Components - B. Ancillary Systems — 1. Treatment System Typlcal SChematlcs
Raw Water DEVAENS bR Adister (1) Make-up Water
Source Soft Water Treatment

Feed to RO? RO Water Tank

Chemical 1 (2) Feedwater Treatment
Softener e Deaerator

a  J )
'__. Economizer
Steam
<

from boiler
ndensat
" Activated Carbon Filter lggtu(rj'ﬁ ﬁ:n?( Chemical\] BOILER
2Reverse Osmosis Condensate Treatment
3 Boiler Feedwater L] from Blowdown
process
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Boiler and Steam System

I E: Steam Plant Components - B. Ancillary Systems — 1. Treatment System @ Feedwate r

CONDENSATE TANK

@ ot FeED sAVING

s Con
ySEEIS70 to 85°C
‘* x
1Condensate Return Pump Unit Iron: <02 ppm
e pH: 7 -9
- TDS: <2000 ppm
TH: 0 - 10 ppm

Chemical
Treatment

I E. Steam Plant Components — B. Ancillary Systems - 1. Treatment System @ Feedwate I"

CONDENSATE TANK

i HOT FEED
Latent Heat Latent Heat §E Latent Heat Ji5 ioiillﬁ
2782 kJlkg 5 [ 2782 kikg kol 2782 kiikg s @ pAUE
3 3 ﬁ
: s = EXAMPLE
A=
= z 4 | Boiler Pressure
= 2 8-
g o
Sensible 2 | Sensible i1 Sensible = Hot Cor]denSate
Heat 782kJkg |G | Heat 782kJikg [ Heat 782kJikg 3 of poniensat
- Ef viea o
Feed 0°C

Steam Plant Components - B. Ancillary Systems — 1. Treatment System

DEAERATOR

Dissolved O, and gases

- : (2) Feedwater

Condensate —
Tank odd o
- within
5°F7s-c)
Make-up Water of operating pressure

4 Deaerated Feedwater —
steam “» O, and gases (free)

Boiler  for P> Economizer
i a
EEIEY ) 3 t0 0.5 bar F e rosmens ¢ consuuranrs e
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Boiler and Steam System

I E: Steam Plant Components — B. Ancillary Systems — 1. Treatment System @ Feedwate I'
DEAERATOR — OXYGEN REMOVAL

Oxygen is “mechanically” removed from feedwater to prevent oxidation

SOLUBILITY OF O, Dissolved O, is

gé’) —y aerated at high
2% - temperature in
- \\\ the deaerator
O
S ® ™

30 {50} 70 90 110 130 150 170150 210 FHEMICAL

TREATMENT

Temperature, °F 180

I E. Steam Plant Components - B. Ancillary Systems — 1. Treatment System @ FGEdwate I'

DEAERATOR — CHEMICAL TREATMENT

{1 Sodium Sulfite Phosphate Residual Program
3 0, Hardness and metal ions
cal scavenging removal

Economizer

Scale-free — Total Hardness = 0 - 10 ppm | Fe = 0.2 ppm

I E. Steam Plant Components - B. Ancillary Systems — 1. Treatment System @ FGEdwate I'

BOILER FEEDWATER QUALITY
Phosphate Residuals 20 - 60 ppm
Sulfite Residuals 10 -70 ppm
T-Alkalinity <2,000 ppm

3,500 ppm

10.5-12.5

<90 ppm

Chlorides <1000 ppm
<0.2 ppm

Dissolved O, <0.7 ppm
<10 ppm

P
A
R
A
M
E
T
E
R
S

b
)
)

=
C
@)
N
0]
M
|
z
E
R

Page 9 of 22



Boiler and Steam System

I Steam Plant Components — B. Ancillary Systems — 1. Treatment System @ Feedwate I'

E

ECONOMIZER

WASTE HEAT RECOVERY‘

T smokestack

Feedwater at +5 to 7°C of
deaerator temperature

Economizér

flue gas ~120 to 260°C

 Feedwater ~102 to 105°C

E

I Steam Plant Components - B. Ancillary Systems — 1. Treatment System @ FGEdwate I'

BOILER BLOWDOWN (AUTOMATIC)

Flash " Q WASTE HEAT RECOVERY e
steam . . Feedwaterxj g
omizer

Treatment

blowdown valves opens at ~3,500
ppm l

______ .TDS Sensors

' Bottom Blowdown @
WWTP Surface Blowdown

WATER

E:

I Steam Plant Components - B. Ancillary Systems — 1. Treatment System @ FGEdwate I'

POOR TREATMENT SYSTEM

SCALE THICKNESS EFFECT TO FUEL USAGE
25%
3.2mm,16 to 20%
Effects of | VIS
UNTREATED 2 - =©>-Fuel
Feedwater to | B4 increase
Boiler 1 10% o keep
Efficienc '5" original heat
y - transfer rates
0%
0 0.5 1 15 2 25 3 /| 35
o s 3y 00 SCALE THICKNESS, mm <" e )

Page 10 of 22




Boiler and Steam System

I E. Steam Plant Components - B. Ancillary Systems — 2. D iStri bution NetWOI"k

Distribution Lines

High operating

Supply pressure

Pressure prevents
wet steam

Pressure Reducing Station &

makes available more latent

PROCESS

heat — more heat to process

)
o

J3 TRAINERS & CONSULTANTS INC

I E. Steam Plant Components - B. Ancillary Systems — 2. D iStri bution Network

Best way of conveying large mass of
heat at required pressure

EXAMPLE: NRJ{elel=11S Low Limit | 143 °C | ~0.39 MPa | = 3.9 bars
I o=l (=W High Limit | 149 °C | ~0.46 MPa | = 4.6 bars

PRESSURE SETTING

Saturated Steam: Temperature Table

Pressure Ranges

Specific Volume Internal Energy Enthalpy

Steam supply Temp. Press. | S S Sau s Sat Sat

‘c MPa Liquid  Vapor Liquid Evap. Vapor Liquid Evap. Vapor
pressure can be set Tor e Woe w W Tk kR

100 0.10135/0.001 044 16729 41894 2087.6 25065 419.04 2257.0 2676.1

at 4 to 5 bars 105 0.1208210.001 048 14194 44002 20723 25124 440.15 2243.7 26838
110 0.14827/0.001 052 12102  461.14 2057.0 2518.1 461.30 2230.2 2691.5
N 115 0.16906|0.001 056 1.0366  482.30 20414 25237 48248 22165 2699.0
ote 120 0.19853/0.001 060 0.8919 50350 20258 2529.3 503.71 22026 2706.3

125 02321 [0.001065 0.7706  524.74 2009.9 25346 524.96 21885 27135

Pressure losses and 130 02701 |0.001070 0.6685  546.02 19939 25309 54631 21742 27205

03130 0001075 05822  567.35 1977.7 25450 56769 21596 27273

steam demand to be 1407 0.3613] [0.001 080 05089 58874 19613 95500 58913 21447 27389

. ; 145 04154 | [0.001 085 04463 61018 19447 25549 610.63 21296 27403
factored in the setting 150 04758 | [0.001 091 03928 63168 1927.9 25505 63220 21143 27465 JLTANTS I

0.54 0.001 09 03468  653.24 19108 2564.1 653.84 20986 27524

I E. Steam Plant Components - B. Ancillary Systems — 2. D IStri butlon Network

PRESSURE REDUCTION (BENEFITS) |

Enthalpy ; Enthalpy Sat.

Temp.  Press. Sat. Sat. Vapor: hg
‘C MPa  Liquid Evap. Vapor

Saturated Steam: Temperature Table

S

1 bar

=
=0
8 [
o g T P by by 0.313 2727.3 SICENY
ressure
% S 100 010135 41904 22570 2676.1 0.361 2733.9 pd :
E O 105 01208 44015 2437 2838 reduction
W 110 014827 46130 22302 26915 [EZMGIE-TalelN BER/ W@ qF-Tgle[=
@ 115 016906 482.48 22165 2699.0 0
SO 120 019858 50871 22026 27063 [0-361 0.361 |- [0.313 | f 2734 | - | 2727 €
EQ 13 o2 5% 2885 2135 0a1s e reduction
Sl 0 ozl 631 21742 105 - : in heat
@ 135 [03130] 567.69 2150.6[2727.3 o o .
O 140 |03613) 58013 2144.7|2733.9 15.43% 0.2419% required
145 04154  610.65 21296 2740.3 T
150 04758  632.20 21143 27465 heat optimization from N
155 05481  653.84 20986 2752.4 pressure reduction
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Boiler and Steam System

I E Steam Plant Components - B. Ancillary Systems - 2. Distribution Network — Heat LOSS l Recovery
Heat Loss and Recovery Units

PROSPECTIVE AREAS

Heat Transfer Barriers

Radiation and Convection

Heat Recoveries

I E: Steam Plant Components - B. Ancillary Systems — 2. Distribution Network — Heat Loss I Recovery

HEAT
available

Heat Transfer
EEES

121°CA250°F)

I
I
|
E|
=
%l Water
=!  being
| Heated
1 99°C (210°F)
2
b

- -

Heat Steam trap maintenance is key to optimization
Transfer .
o LOSSES FROM 3/16" DIA. LEAKAGE
arriers . -
STEAM 180 Steam Loss: 213 Ibs/hr ',},\;g
TRAPS S 1600 £ Annual Cost [
; 12,000 US$ 18,650 11509
w 10,000 1
& 8,000 3 1001.%
8 6,000 '(7)
O 4,000 1 s0

5 15 30 40 70 100 150 250
PRESSURE, psi

Steam Trap leak weCost per Year, US$ ~ w=—Steam Loss, Ibs/hr
indicator Device .

e
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Boiler and Steam System

I = Steam Plant Components - B. Ancillary Systems — 2. Distribution Network — Heat LOSS , Recovery

121°CA(250°F)

Heat

_7’_

7 |
Transfer AIR AND Steamativarl] NE V% E 5
Barriers CONDENSATE L = N 25 o
- ~ =854
FILMS thickness N7 '\:ggt‘cea(;gan
affects heat transfer | ISt WIS S0
15 pst i /7 source:Spirax

Sarco

effective 116°C (240°F]
removal :
drainage
increase

productivi

Water
being

Heat at
10 psi

Heat

Transfer

Barriers Air film Draining and Air Venting
End of Sieam Mains

i 0.025mm THICK

1/1000-inch)
VENTS B
resists heat transfer

as much as a
copper wall

330mm THICK
(13-inches)

Radiation
and
Convection

" Combustion
Leakages

Steam-Lines
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Boiler and Steam System

I E Steam Plant Components - B. Ancillary Systems - 2. Distribution Network — Heat LOSS l Recovery

Heat

Recovery

¥
Flue-@Gas | Blowdown

*Steam Trap FLASH
STEAM

CONDENSATE

I E. Steam Plant Components - B. Ancillary Systems — 3. Integ l'ated ContrOI

MAKEUP H,O BURNER Water leve probe || 1B CE
SYSTEM @ CONTROL reotvater | |
. flowmeter
METERING o Modulating | e [ [t W semcinn
SYSTEM Stack i "
Temperature || _ 4 % Boler %"
SAF ETY . Feoe'glarjk—g_ < * Steam out
SYSTEM --‘ 02 Trim = E?‘* > flowmeter
_ﬂ_ '? VT‘ : Steam
" : Feedpump § b B
to :' ;‘J} E' @ 3-ELE|\E§T CONTROL
o 'lﬁi I# ‘ S :
'Building Management System';" === P

- F. Boiler Efficiency

Calculation Methods

Fuel-to-Steam

amounts of | True Boiler Efficiency | heat transfers
Unbumed fuel Considers the from
and excess | effectiveness as HX| combustion

airinthe | pjus radiation and to water
exhaust | convection losses | (as HX")  Relisiad

ASME Power Test Code

Input-Output (PTC 4.1) Heat Loss
(Direct) 2-Methods (Indirect)
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Boiler and Steam System

- F. Boiler Efficiency - Input-Output Method

ENERGY LOSSES Radiation @

onvection
INPUT OUTPUT

fuel steam

Boiler _ ( Heat of Steam, Qg + Lossesd )

s = x 100%
Efficiency Heat of Fuel, Q¢ et e ook By s

w,, weight of steam, kg/hr
Qs = Ws X ( hg = hf ) hy, enthalpy of liquid at feedwater temperature, kJ/kg
hg, enthalpy of vapor at operating pressure, kJ/kg

Q = W x HHV we weightof e, k/hr [ R —

HHV, high heating value of fuel, kJ/k

- F. Boiler Efficiency — Input-Output Method

Radiation MODEL CB 4PASS BOILER - RADIATION AND CONVECTION LOSSES RADIATION AND CONVECTION LOSSES
1.40%
and 100350BHp 403BHp
. FRING RATE
Convection (hofloag) | OPERATNGPRESSURE | PERATNGPRESSURE [ , 100*
1] ah
Losses 10psi6 | s5psi6 | 1opsi6 | sesi || S
i X 060%
5 oo o | ||
0% oM | 1w | o | o .
5% os% | om | o | o oo (R [ 7.
100% 0% | 05% | 0 | 0% % 4 o % o
Based on sl air conditions and 80 °F | FIRING RATE (% OF LOAD)

HIGH firing rate (% of load)

LOW
radiation and convection losses

- F. Boiler Efficiency — Input-Output Method

SULTANTS INC

Flue Gas FUEL-TO-STEAM EFFICIENCY VS. FLUE GAS TEMPERATURE
Temperature “ Butane
Effect to g ++*"Propane
Fuel-to- %
Steam & ** Ethane
e [8)
Efficiency m i
w Natural
Gas
2 Moth
s 250 275 300 325 350 375 400 425 450 475 500
FLUE GAS TEMPERATURE (°F)

LOW flue gas HIGH fuel-to-steam
temperature efficiency
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Boiler and Steam System

- F. Boiler Efficiency - Input-Output Method

EFFICIEM:,(?‘;:?‘ ;;;(;JZCONCENTB;Q?MN. HIGH
High O, 5 O, concentration
Concentration | 0
in Combustion |[=s LOW
Air £ -~ fuel-to-steam
2 CONCENTRATIONS® efﬁCiency

HIGH ambient

Ambient

T ‘ g temperature

emperature g

in Boiler £ f lw

Housa * uel-to-steam
efficiency

- F. Boiler Efficiency - Input-Output Method

TURNDOWN RATIO |75 BO. HP CLAYTON

“"?,L’Zt"" TURNED DOWN when
Output HEAT temperature/ pressure
oo 1 SOURCE approaches the setpoint

Minimum is TURNED UP when
Heat gradually  temperature / pressure
Output falls below the setpoint
3

- F. Boiler Efficiency - Input-Output Method

8

STACK TEMPERATURE, °C
2 B B 8 g

s 8 g & a 8
GROSS EFFICIENCY
o
%

o0
50

o T 0% 8 0% 80% 90 100% _Je-
—Stack Temp., Deg-C_ 124.4 1354 160.4 184.7 210.1 2354 255.9
—Oxygen, % 8.1% 6.6% 7.4% 7.2% 6.9% 7.3% 72%
——Gross Efficiency, %  89.3%  89.1%  87.8%  86.7%  856%  842%  83.3%

TURNDOWN RATIO, %

3
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Boiler and Steam System

- F. Boiler Efficiency — Input-Output Method

SO0T THICKNESS EFFECT TO FUEL USAGE

Soot presence — 16%
a manifestation 14%
of maintenance L 2% =
effectiveness 2 10%
8 u INCREASE IN FUEL TO
- MAINTAIN ORIGINAL
L% HEAT TRANSFER
T RATES
-
0%

SOOT THICKNESS, MM

==

Source: AIES Gazelle, Volume 16, Issue 3, February 2006

- G. Optimization Checklist

Metering and mass balance

\/

. Condensate and air removal

Steam distribution
the Process

Steam
Flash steam, condensate, Optimization
and waste heat recovery Program

. Process methods

G.  optimization Checkiist - Energy Efficiency Actions (SOME)

Energy
Efficiency
Measures

8. Cost-benefit analysis re: water tube vs. fire tube boiler

9. Alternative fuel source: LPG / LNG vs. fuel oil vs. cheaper fuel
10. Start up procedures for boilers

11. Fuel conditioning re: coal or biomass, etc.
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Boiler and Steam System

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

Assumptions: » Solve for Qs Defore having economizer

« Initial feedwater temperature without
economizer: 20°C "

« Desired preheat temperature with Q= (1.39 ?g) X (4.18
economizer: 60°C

« Boiler operating pressure: 10 bar Q =930.44 KW
(saturated steam temperature = 180°C) » Solve for Q. before having economizer

+ Latent,,,,, L, * @100°C = 2257 kJ/kg O ST

+ Specific heat capacity of water, c: 4.18 e o -

3 Q= (1.39-8)x (2257 >

kJ/kg-°C ( s) ( kg)

« Boiler efficiency without economizer: 85% Q=3134.73 KW

» Flue gas temperature exiting the boiler:

Qsensible =mxcxAT

k] O, R o
k) X (180°C — 20°C)

» Solve for Total Qg befOre having economizer

220°C
+ Mass flow rate of steam, m: 5000 kg/hr = Quota = Qsensible™ Quatent
1.39 kg/s Q =930.44 KW + 3134.73KW
*Latent,q,, L, is also Enthalpy of Vapor, hy, Q =4065.17 KW
/
1 KJ/s ~ 1KW JL TRAINERS & CONSULTANTS INC

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

ASSUMPTIONS:

+ Initial feedwater temperature without economizer: 20°C

» Desired preheat temperature with economizer: 60°C

» Boiler operating pressure: 10 bar (saturated steam
temperature = 180°C)

* Latent, ., L, @100°C = 2257 kJ/kg

* Heat capacity of water, CP: 4.18 kJ/kg-°C

+ Boiler efficiency without economizer: 85%

* Flue gas temperature exiting the boiler: 220°C

* Mass flow rate of steam: 5000 kg/hr = 1.39 kg/s

-

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

» Solve for Qgsivie Refore having economizer:

Q=mxCxAT

— kg kj o o
Q= (1'39T) X (4.18 kg.oc) x (180°C — 20°C)
Q = 930.44 KW

Initial feedwater temperature without economizer = 20°C
10 bar (saturated steam temperature = 180°C)
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Boiler and Steam System

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

» Solve for Q.. before having economizer:
Q=mxL,eoc
- kg X
Q= (139:8)x(22572)
Q =3134.733 KW

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

» Solve for Total Q before having economizer:

Q = Qsensible + QIatent
Q =930.44 KW + 3134.73 KW

Q =4065.17 KW

'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

-

» Solve for Qgsivie after having economizer:

Q=mxCpxAT

— E K] or __ o
Q= (1.39°8) x (418 ) x (180°C - 60°C)
Q = 698.39 KW

Initial feedwater temperature with economizer = 60°C
10 bar (saturated steam temperature = 180°C)
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'PROBLEMS Example: Let's calculate the heat saved by using an

economizer to preheat the feedwater for the boiler

» Solve for Total Q after having economizer:

Q =698.39 KW + 3134.73KW
Q =3833.11 KW

» Solve for Total KW Savings after having economizer:

Qsavings - Qwithou’t economizer Qwith economizer

Quavings = 4065.17 KW — 3833.11 KW
Q = 232.05KW

savings —

-

I KNOWLEDGE REVIEW Select the best answer.

1. What are the two main categories of boilers?

a. Fire tube and water tube

b. Combination and system

c. Condensing and non-condensing
d. High pressure and low pressure

2. What is the purpose of an economizer in a boiler
system?
a. To preheat the combustion air
b. To pre-heat the feedwater

c. To reduce stack temperatures
d. To increase the amount of excess air

-

I KNOWLEDGE REVIEW Select the best answer.

3. What is the recommended amount of excess air to
achieve high thermal efficiency in a boiler system?
a. As much as possible
b. None
¢. Only enough for complete combustion
d. It depends on the fuel used and other factors

4. What is a steam accumulator?
a. A device that stores steam for later use
b. A device that removes excess steam from a system
c. A device that measures steam flow rate
d. A device that regulates steam pressure
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. KNOWLEDGE REVIEW Select the best answer.

5.

What is the difference between a fire tube and a water

tube boiler?

6.

a. The direction of the water flow
b. The type of fuel used

c. The size of the boiler

d. The location of the burner

What is the purpose of the water treatment in the
boiler?

a. To produce good quality steam

b. To ensure efficient combustion of fuel

c. To prevent corrosion and scaling

d. To increase cycle of concentration

. KNOWLEDGE REVIEW Solve the problem.

In a chemical plant, a flash evaporation process is used to separate a
mixture. The process operates by partially vaporizing the feed at a
constant pressure. The feed enters the flash drum at a rate of 1.2
kg/s with a temperature of 90°C and leaves as a saturated vapor at a
pressure of 5 bar. The latent heat of vaporization for the mixture at 5
bar is 1,800 kJ/kg. Calculate the heat transfer rate required for the
vaporization process.

Use the formula: Q = m X hg,

- kg K]
Q=(1.2%)x(1, sook—g)
Q=2,160 kw

. KNOWLEDGE REVIEW Solve the problem.

A steam generator in a small power plant produces superheated
steam. Water at a flow rate of 2,000 kg/hr enters the generator at
120°C and exits as superheated steam at a temperature of 300°C.
The specific enthalpy of liquid water at the inlet is 504 kJ/kg, and
the specific enthalpy of superheated steam at the outlet is 3,080
kJ/kg. Calculate the heat transfer rate required in the steam
generator.

Use the formula: Q = m x ( hg — hy)

1hr
3600s

Q= (2000 %) X (3, 080:—; - 504:—;) X
Q = 1,429.25 kw

<
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