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Efficiency

* Output/Input
* (Input — losses)/Input

» Energy steam/Energy wood
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Boiler losses

There are four different types:
* radiation losses
- flue gas losses (stack losses)

» blow down losses

* losses due to low rate of condensate return from the production
plant
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Steam distribution systems

» Steam traps
» Feed water quality, boiler water quality

* Insulation pipes
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Steam traps

Removal of:
* Water
o Air

- CO,

» See also: http://www.tlv.com/global/US/steam-theory/stall-phenomenon-pt1.html
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Steam traps

* Automatic valve that opens for water, air and CO,
and closes for steam

50.3 psig

100 psig
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Return condensate system
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Steam trap

* Mechanical
* Thermodynamic
« Temperature traps

HH

o

:
m

Qe

Boiler systems




Dewatering steam

Why drain water from steam pipes:
» Water hammer (A) (battering ram, erode fittings)

» Thermal shock (B)
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Heat exchanger partly filled with water

« partly filled with water, reduced efficiency

[ Jcondensate [ Steam [ | vapor

« Also air reduces the efficiency because it replaces steam
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Dirt and scale negative influence on efficiency heat

exchanger

+— STEAM
| NON-CONDENSABLE

FLUID TO BE HEATED

COIL PIPE CUTAWAY
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Influence of gasses in water

» Oxygen speeds corrosion

* CO, creates carbonic acid: highly corrosive

Damage by carbonic acid

Boiler m: i i
oiler systems Source : www.armstronginternational.com
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Boiler as heat exchanger

» Flame pipes

Courtes sy of BIE Cochrana
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Temperatures flame pipes in boiler

1mm kettle
stone (scale)
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Hard water

Hard water causes scaling, which is the left over mineral deposits that are formed
after the hard water had evaporated.

Hard water caused by calcium (Ca2+), and magnesium (Mg2+) metal cations,
and sometimes other dissolved compounds such as bicarbonates and sulfates.
The total water 'hardness' (including both Ca2+ and Mg2+ ions) is read as parts
per million or weight/volume (mg/L) of calcium carbonate (CaCO3) in the water.

Scales:
mmol/L (millimoles per litre)
mg/L calcium carbonate equivalent
Deutsche Harte (German hardness) (tdH)
conversion to mg/L calcium: divide by 0.14

“In industrial settings, water hardness must be constantly monitored to avoid

costly breakdowns in boilers and other equipment that comes in contact with
water. “

Source: http://en.wikipedia.org/wiki/Hard_water
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Requirements water

Feed water boilers < 20 bar

. pH
Hardness D
Iron ppm
Copper ppm
Oil ppm
0, ppm

Boiler water < 20 bar

Alkalinity Vel 5-20
SiO, ppm 15xP
Conductivity ~ puS 6.000
Phosphate ppm 30-80
SO, ppm 40-100

Boiler systems Source : Krachtwerktuigen/Duinkerken page 137




Electronic TDS control system

Masimum allowatle TOS

Average TOS

Boiler water TDS
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The feed tank in relation with other elements

Make-up water

Feedtank
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@ﬂ# = Haoiler blowdown
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Comparison

Formation of 1 kg of
Formation of 1 kg of steam @ 10 barg -
steam @ 10 bar g - feedwater 70°C
feedwater 10°C Requires 9.2% less energy

2000 k-J\ KEUUU kJ
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saturated
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Blow down heat recovery

Blow down needed to limit total dissolved solids (TDS)
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Flash vessel with heat exchanger
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Flash vessel with heat exchanger with water tank
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Using heat content condensate

8 bar (g) 188°C

10 bar (g)
184°C

8 bar (g) 175 °C

(o]
Wler (g) 108E Condensaat
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Using flash steam

4 bar stoom

10-4 bar reduceer
10 bar stoom

4 bar stoom

4 bar condensaat |Flashvat

atmosferisch condensaat
S SSs—————————————————..
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Steam demand and flow

Average steam flowrate

Actual steam flowrate

Steam flowrate

Bodler maximum continuous rating

Boiler systems

Steam accumulator

Steam in |::>

Injectors equally distributed along the length of the vessel

Boiler systems

Injectors angled slightly upward
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Loading accumulator

Boiler systems

Firing rate with and without steam accumulator
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Boiler houses

* Avoid wood-side fouling
* Avoid waterside fouling
* Reduce flue exhaust (oxygen trim system)
* Level of oxygen in exhaust gas should be 2%

* Re-use of condensate
* Preheating of air supply
* Heat recovery in

combustion gases

Boiler systems

Heat recovery system

Source: Caddet
Boiler systems
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Economiser, 5% savings

35 Boiler systems

Cain & Kentube
economiser

36 Boiler systems
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Flue gas condenser

» Analyse
* Avoid

+ Control
+ Optimise
* Re-use

Boiler systems

Reduce heat loss

Analyse
* Insulate steam pipes Avoid

) ) Control
* Maintain steam traps Optimise
. . Re-use
* Insulate dyeing machines

» Cover baths in continuous machines

Cross-section of bimetal steam trap .ﬁ;
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Heat loss open tank

Boiler systems

Economics of heat-insulation

Heat loss one meter un-insulated steam pipe

Heat loss MJ/hr

Boiler systems

Pipe temperature T

Analyse
Avoid
Control
Optimise
Re-use
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Questions

* What kind of products (material, weight)? Machines?
Production volume? #batches?
Who is responsible for what? (boiler, dyeing machine)\
Costs?
Problems with steam generation and distribution
Change in steam demand?
Can we monitor, register steam demand for further analysis?
Quality problems?

* Application of heat exchangers?

* Reuse of water?

Boiler systems

Focus

* Analyze, Avoid, Control, Optimize, Re-use
of steam on a batch dyeing machine
» Use of flash steam and state of condensate return system

Boiler systems
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Tutorial

http://www.spiraxsarco.com/resources/steam-engineering-tutorials.asp

Boiler systems

Burners

Boiler systems
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