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@) BOSCH
Invented for life

Planning guide for
steam boiler systems

Buhar kazani sistemleri icin planlama kitabi
profesyonelce planla, verimli tasarla

» 150 yildan fazla tecriibenin toplandigi
» Planlamadan, isletime tiim siireci kapsayan
» interaktif bir sekilde tasarlanmis

https://www.bosch-
thermotechnology.com/global/media/country pool/service/technic
al-guides/steamboiler.pdf
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https://www.bosch-thermotechnology.com/global/media/country_pool/service/technical-guides/steamboiler.pdf

Planlama: Teknoloji: Uriinler:
Kazan kapasitesinden Buhar tipleri, kullanildig Bosch Industriekessel
yakit segimine varan alanlar ve giincel bilgiler buhar sistem ¢ozimleri
kapsamli tavsiyeler

al

Hata Onleme: Verim: Araglar:
Su kalitesi, yakma Yanma verimi, Birim donustirme, yakit
yonetimi, tesisat ile ilgili ekonomizor ve daha karakteristigi, blof orani
detaylar birgok verimlilik artirici gibi interaktif hesap
Oonlemler tablolar

Buhar ile ilgili akla gelen tim konular igin...

3 Thermotechnology | TT/MKT-CH | 2019-06-25 @ BOSCH
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Environmental factors 1 Legal regulations
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Process control
@ « Interfacing with

Condensate
* Grantity Customer/Operator
I
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= Temporature
Make-up water :
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" Mressure
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Extended boiler system planning |

Pl prseriprbomny OF Dhis slsmirn poermsr =lor s m cdmcimive il losmcs o e somrgy,
frashwatar, systam, chamical and MANIENANCE COSTS

Steam quantity: the quantity of steam required by the boller for own use for
Ieeecd walser heating and dessration must be taken into consideration when sizing
the stcam boller In order to deliver sufficlent steam to the system(s). However,
In most cases tha bollers are oversized — this results in UNNECASSArY COSTS

In zome cases, by using steam accumulators a significantly smaller (more
favaurably priced) bobas will suffics

"M Slsmin Uity swmquitescd gt e
AllRrnalive. LS Iat]
op steam Incl. own use: kg hour
Shortterm peak losds that & steam Yoz, Detalls:

can for? No

Steam: sleam is nol simply steam. Depending oo tha application, Tha staam mist
comply with certain chemical requirements or have a defined residual molsture
conienl

Characteristics of steam: Avarage oparating pressure: bar
Saturated steam Residual moisture content: %
Dwinibalur regativd
(TTOM 1OSI0UA MOISTURS COMONT « 3 %)
Sotnpoeer Distm sl shemrn Trniper sl e “c
Steam comes Into contact Yoz, Detalls:

wilh s Tood? No

Installation and operating itions: local regulabions in the country

Of INSTANALON And The AIIIW wlitons whsn the Baars s 0 opsraton
decisively influence the design of the boller and combustion system.

Do you know the detalls?

Country of

Instaliation: Helght above soa level: m
Temperature min. (winter): C max. (sumemer): c
Outdoor Installation? Yes No Installation in containar
el wrnd

Vollaps Flhmmes T imiusncy Hs
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2 Pressure 3 Steam output 4 Fuel

The most important data is obtained from the performance data of the individual steam consumers. The following fuels are used in the majority of steam boiler systems:

Excess pe and ab However, the internal consumption of the steam boiler system must also be taken into consideration,

In steam boiier lechnoicgy, it s customary %o sl pressures Lo be slaled & excess pressure relatihve 10 an especially for heating up and deaerating the make-up water and condensate, surface blowdown and heat * Natural gas

I meGARarE press R oF | bar losses in the pipework. * Fuel oil

T unt [Dar] of [Larg] S usec al tese points, When determining the necessary steam output of the boiler system, additional factors such as the

ke excess pressure is therefore comeried 10 absclute pressare as follows: simultaneity of the maximum outputs of the individual consumers, the maximum loading rate and purely , )
technical aspects that can often only be measured with difficulty, such as security of supply or possible The fueI% are mqre or less available everywhere and, as they are to a large extent standardised,

R — V- extensions, must also be considered. have a high quality.

The typical steam output distribution is shown below. The calculation of the precise project-specific However, other fuels can be used to generate steam:

Fs Coemrsion Yom s press s abahty rrmsre consumption is described in the following chapter.

* Heavy oil or medium oil
Normal temperature and pressure and standard temperature and pressore Surface/bottom blowdown losses * Other gases (e. g hydrogen, LPG, LNG)

Normal tamperature and prassums (according to DIN 1343),
P, = 101,325 Pa = 101325 bar = 1 am
T,=27315K=0C

% * Biofuels (e.g. lean gases, sewage gases and biogases)
* Contaminated by-products from the chemical industry (e.g. styrene, toluene)

Own use of boiler system

10% * By-products from other industries (e.g. animal fat, fish oil)
Standard temperaturs and pressire (STP, IWPAC):
=100, Pa=1DMa
;_mﬁl;(_u c ' . Heat losses in steam pipes The choice of fuel initially depends on the availability at the planned installation location. Qil is delivered
5% via road tanker while for gas a station for gas transfer from the gas distribution system must be available.
Standard smbient temp and p (SATP, IUPAC): 83 % If the requirements for security of supply are high, two fuels can also be used at the same boiler. Gas is
p°= 100,000 Pa = 1.0 bar then normally used as the main fuel and fuel oil as the substitute fuel.
1°=29515K=25°C steam output, ly
consumers Economy is another important factor in fuel selection. When comparing costs, it must be ensured that
17} NPT/ SOTDeTIATE A% DREISSE 353 SANIW MTeEUNe 3% pressove

exact comparability is possible. When using gas as the fuel, the comparison price can be obtained
directly from the gas bill or requested from the gas provider. The fuel oil supply prices are published in

2.1  Average operating pressure the Internet.

Tre aparating peessura of 3 beller system I8 not 3 constant valus, a~a Instaad fh.ctuates around the
P ’ S N = Planning - Chapter 4.3: Criteria for selection between fuel oil and
aerage operaing oressure p_ . The reason for tis is that the operabing pressure in the steam boiler s

used 3s the Input variakie for the output = gulation of the sizam bailer system and therztore fluctuates Fig.7  illustration of the correfation between the nominal steam output of the boiler and the steam output at the consumers natural gas, page 56
n a range of roughy £10 % of tha average oparating prossus used as the sotvaue (values shown are examples)
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5 Installation

WG PISILCONE the DCIe Mowse Cn the OZCIAUNE Kemisds, the S0Iow NE Meou rements and sgocts,
ameng other =aings, rast e takea ntn ascoint

* Fred supply and sorage

* Spew ceguirenent ko e Loker houm and Nae

« Po55 ity of 5N QRPArEio

S TIRIIEIN ey

e rgptbisnins)
Eon ot sroduction faciities on the operyting premis

. Pl 200

2 routes 32 corzumeesl

* Arcribectaral md deslpn anpects

SomE of TN rEQalemems Canm ot Lo fuly satisfiod Jl a1 onze, aspedally In cormpan
hran suntund cwer 3 Inag pernd of Hime. The noatins wil theacstnrm net nacsssary he ey e al
reIRMRrts 31d ING1ad RERCSENS 3 COMErenmise DIWOen the oodrational and LCchncal Rauements
a0l moal séhactasrmas

5.1 Installation room

& Tumber of Bazic requirertents for the Soler Instalticn room are dodit with below, Thz htorrration
o proanies prormly Lo sk willi plareiog Turloer moce, oF ieosnnl nabicoal wred ool segalalions am
cpicatie standards must be otzerved

v eddivicad nlaemabos HUZA iwgaienmncs (o bother isala lalioe
oSS = 0% N the Instalation of tolers ad toler ~oise
Lo e

Fundamental requiremants
Tre Iresalton room mast mast the 12ikw g requlrzments

o T Coker malalanen room has e e w

wan and fres of Cust and dnogieg wakr.

180 %

* The roces lemin

shirm mast be tetmens

® ol Lz e Banker noelel Wlion roem ty wmmulbizeised persarnel sl be foelsdiben

£ must be snsered Mt cound Insybyticn measures com

N W b2l reguiatiore

T CoNLel Cabinils Must CO Indtalod In suth 3wy Y WS TOL DapLLRC I Wy marmr
whabwnesse 5o wbeations or shaking of tha syt comporanes

The contrel Coinets rust B¢ InSTaliod In 2reas winers thoy will b2 prosectes from Impemrissinic heat
cathialhonn mred werm ey can be walely aramocsecl samr o podee sl ly

arpercu oanlicos

* Compeessed 3k Suppéy o bottom Elowdomn 3d ary turther preumatis actuators, IF neceszary,
Woahd by availativ

* Tarace pasvhiltias wih srarpeecy stnn hrI'nL Iovated Spposiie n0m ATOErAT wWhsaswe fas ks,
nust exst

2 orrrand b wrranrmct Uamt Hpte mnp oeosanllazmal, saperanlly 1 e arme of Hhe vatams aral caloly tlenices

* hing options for clpewerk shouks be yaalatie on wals ans cellings

6 Legislation

Steam boiler systems are usually subject to compulsory monitoring and various legal framework
conditions must be observed and complied with when manufacturing the components, during planning
and construction and when operating the system. The following requirements are stipulated at all levels
of the legislation (and monitoring):

* European directives and ordinances, such as the Pressure Equipment Directive, Machine Directive,
Low Voltage Directive, Gas Appliances Directive, EMC Directive, Hazardous Substances Directive and
Explosion Protection Directive

* National laws and ordinances, such as the German Health and Safety at Work regulation, Emission
and Immission Control Act, Occupational Health and Safety Law, Hazardous Substances Ordinance,
Water Resources Law

* Regional and local regulations, such as building regulations, water conservation, fire safety,
additional emission requirements

The most important laws, directives, ordinances and standards governing the installation and operation
of a steam boiler system are described below. These are arranged in the following groups:

*» Manufacturing of boiler systems

* Emission and immission protection laws

* Approval regulations/operating permit

* Qperation of boiler systems

In this case it must be observed that further EU directives or national laws and regulations apply.

BOSCH




Failure prevention

1 In the planning 73
11 Steam output 73
_________ Fuelswpply T4

Installation room 75

2 During installation 77
21 Plpe routing 77
22  Support 83

3 During operation 85
31 Monltoring of the waterquamty 826
3.2 Cavitation al pumps 89
33 Combustion setting ) 90
3.4 Contamination and residues In pipework 92
3.5 Bypassing of safety equipment 96
3.6 Hazardous work 97
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Fig 16  impermissible merging of safety vaive and expansion steam prpe Fig 17

Flg 23 water-side deposits on the tube pane and tube plate of the boller

Fig. 20 Holders of safety vaive Diow-off prpes missing
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2.2 Equipment and control 3.1.2  Fanvariants of combustion systems

The minimum requirements for operation and the safety equipment of steam boilers are set out in EN
12953-6. This includes the primary shut-off valves in the pipework, the safety equipment to safeguard
against pressure exceedance and water shortage, heating equipment and all valves and measuring
devices required for operation and control. All of this equipment requires an approval in accordance with
the Pressure Equipment Directive.

Monoblock bumer

Gas supply

Fig. 59  Example showing schematic representation of gas combustion (high-pressure supply)
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Integrated economiser

The fully integratad economiser which Is directly mountad on the botler offers benefits especially for new
botler systems. The spacially developed haat exchanger bundle with variable size and highly efficlent
finned tubes is installed as an Integral component of the boller in the flue gas collection chamber, fully
Insulated and connected directly to the boller on the water side. Intagrated economisers are avallable for
the U-MB, UL'S, ZFR and HRSE boiler series.

An Intagrated economiser has slgnlflcant benefits comparad to a conventional boller with separate
economiser.

A
<

-

Fig o0 condensing heat exchanger

13 Fig 70 Mowp nodev and dauds i Fig 73 Doulve Rame-tube borer with mownted super healer on op C
R &) BOSCH




Ingredients In freshwater Dangers to the boller Avoldance measures 412 Softening
or condensate system due to in water treatment Among the substances dissolvad In water, hardness is aspacially harmful to tha oparation of a boller
system. Hardness mainly comprises calcium and magnesium lons (Ca™; Mg™). If thase so-called alkaline
Iron and Corrosion, blocking Delroning, earth metals are present in the feed water, thay can pracipitate due 1o the heating in the boller and form
manganese compounds of ion exchangers demanganising limescake which is deposited as a layer on the heating surfaces.

Other salts Corrosion, foaming .

of boller water Demineralisation
Silicic acid Silica deposits, corrosion nple

In pipe system deminerallsa

8

z

@ 2:2:“: In boh.':? errors Turbidity monitoring

2 ater

E, messurement In condensate
Acids, alkalis, = Corrosion, foaming Conductivity monitoring
raw water, salts of boller water in the condensate

F forvwet) bodear with o 1o Navw s
Flg 09 ingredhents of Teshwater and condensate 500 Loy fommtion i bvber wilh dmge bo Sems bebe

Fig. 93 Visualisation of osmotic pressure (A), reverse osmosis by pressure charging on the concentrate side (B) and the continuous
reverse osmoss process (C)

Fig. 91 Frinciple of coeradon of an fon exchanper for water softenng
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Fuel heat loss
Useful heat 103.5 %

Useful heat, condensing heat exchanger
with condensation fraction of 50 %

Useful heat, economiser at
flue gas temperature 120 °C

Useful heat, boiler

100 %
Net calorific value H,
(formerly H,)

111 %

Gross calorific value H,
(formerly H_)

Energy saving measures Potential savings Page

Economiser <7 % fuel Page 261

Condensing heat exchanger <7 % fuel Page 263

Air preheating < 2.5% fuel Page 265

Feed water cooling < 1.8% fuel Page 267
< 3% fuel at 4-pass boiler

Brine expansion and heat recovery < 2 % fuel, freshwater, Page 277
waste water

Oxygen and/or CO burner control < 0.5% fuel Page 270

Speed control, fan < 75 % electricity costs Page 270

Exhaust vapour heat exchanger < 0.5% fuel Page 280

High-pressure condensate system < 12 % fuel, freshwater Page 284

Automatic and continuous water analysis < 0.5 % fuel, chemicals, Page 296
personnel costs

Optimisation of control parameters, < 3 % fuel, extended service life, Page 298

regular service, maintenance, cleaning process reliability

Osmosis water preparation < 3 % fuel, freshwater, chemicals Page 282

Fig. 134 Heat balance of a steam generator featuring condensing technology and gas ¢
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1.4 Combustion efficiency

The combustion efficiency n; describes the sensible heat yield during combustion of a fuel. It is
determined by calculating the thermal losses g, in the flue gas with reference to the ambient
temperature level. Unburnt components of the fuel are not taken into account for oil and gas combustion
since in practice they must not occur on a relevant scale.

— Efficiency — Chapter 1.1: Net calorific value, gross calorific value and
condensation heat, page 243

The combustion efficiency is based on the net calorific value of a fuel and is calculated by deducting the
flue gas losses from the maximum achievable 100 %.

n,= 100%-q, V

F27. Formula for calcufating the combustion efficiency
f 2% oy 5\/'
W= wlm 2 'c-ue -
F2s Formafa for cacatalvg the Nue gas oss

o (i-52) v

F1a Formava for calculating the residual coygen content from the CO, vafue

18
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1.5 Boiler efficiency

Flue gas losses -
8 System losses Distribution losses

The boiler efficiency n, is the same as the combustion efficiency minus the heat losses on the surface

of the boiler to the environment at the installation room during the burner runtime. It can be calculated Gwssca'OﬁﬁWim*:- H,
as follows: Net calorific value H, H,
A X
o= 100 % — , - '\/-
Q,
oder

Q - -(@.-Q, ) Energy supplied, fuel
Mo = S (u G, ) Q. Boiler house
utilisation rate

energy Q,
F30. Formula for calculating the bouler efficiency
Nogi Boiler efficiency
q, Flue gas loss with reference to the combustion output and the lower net calorific value [%]
Qs Heat loss performance of the boiler type [kW]
Q,, Current combustion output of the boiler [kwW]

Condensate losses

Fig. 138  Sankey diagram (energy flow diagram) of a steam bailer system

Latent heat of the flue gas

Sensible heat of the flue gas

Radiation and conduction (including downtime losses)
Pre-ventilation losses

Surface blowdown and bottom blowdown, exhaust vapours
Leaks (at the condensate drains, pipework)

Missing condensate recirculation and exhaust vapours

Recirculated condensate
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Heat losses [kWh/a - 10%]

20, 0008

0 100 200 300 400
L 1 1 1 ] Surface blowdown losses:

without heat recovery

with expansion and
heat recovery

— | ] L] L] L} L] L} L] L}
£ ) 0 0.2 0.4 0.6 08 1.0 12 14
= -
= Proportion of the boiler output [%]
: |
3 @ Fig. 155 Potential savings of expansion and heat recovery (EHM or EHB)
: :
o &
v
3
=l
° N
2 g 4.1.4 Insulated valves
=~
° =
# § Valves are located at many points in steam boiler systems and are required for operation and
2 = maintenance. For installation or cost reasons, or owing to various supply limits, the insulation of valves
= & or adaptor flanges in new systems is still frequently omitted. Likewise, uninsulated valves can also often
-
o be found in existing systems.
]
8 A great deal of energy is however lost via these uninsulated areas. The following table can be used to
; estimate the energy lost via an uninsulated valve.
Pipe nominal diameter DN DN DN DN DN DN DN DN
50 65 80 100 125 150 200 250
Length according to [mm] 230 290 310 350 400 480 600 730
Nominal dameter DN | N
| 135 1 380 | 200 4D0CD0 | TBO. 00 1300 EN 558 series 1
€ 2 WS N 1NN DLW 10 250 360 420 OO a0 000 LeDd
Pipe extemal diameter d_ [mm]) L Heat loss, uninsulated wi] 224 343 419 586 795 1,119 1800 2,728
R I R L L upewp—— Heat loss, insulated wi 21 27 29 33 43 58 88 127
n Nediom tempeesture ) - Imslation thickness = = 150 mm Savings [wi 202 316 390 553 752 1,061 1,712 2,601
Bl vodiem temporanure: 200 ) I vcctzcica thicknass 5 = 100 mm Heat loss at 8,000 Bh/a [kwh/a] 1,619 2527 3,117 4425 6,018 8489 13693 20,810
n Mediem temperature: 150 °C f—]) - irgulation thickness s « €0 mm N "
n Nedism temperature: 100 *C | — ) - Irsyiation thickness s = 20 mm Savings with 4.5 Ct/kWh [C/a] 73 114 140 199 270 382 616 936

Tab. 30  Heat losses and operating costs of uninsulated vaves (medium temperature 200 °C)
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Steam boilers

OQutput t/h 0.2-3.2 0.2-3.2
Max, temperature °C 110 204 204 300 300
Max. pressure in bar 0.5 16 16 30 a0

Tab. 32 Steam bovers

Heat recovery

Heat recovery 4-pass boiler 3-pass boiler Recovery and use
boller HRSB with burner without burner

-
L3 N
— — N
Heat recovery steam  Heat recovery boller, steam/hot water Waste heat
ballar
Tab. 35 meatrecovery
Components
Steam/condensate Fuel supply
o - pasa
H ﬂ.‘ i I
Controls Mokl Modubix Combustion syxtum
Tab, 3¢ Componests dm]
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2.3 Lengths, areas and volumes 2.4 Pressure

Catrersien lable, pressure

Conversion table, lengths ';-»»44__. To — - nws - = [—
rore T——
From To m in " yd b 0 sMee 0w arse " NOT S 1018
o 1.0122500 023318 s01802 16693548
L 39.370079 3.2808399 1.0936133 "ws 0 0532641 0 METEST 00738553 1422308
in 0.0253999 0.0833333 00277777 ™ hg 1 O 1AM 12 25071 18 TOZ 12
0 3047999 12 0 3333333 sl N OGAMT" N AME q T ansITadae S ATt
ft = z kgticm? 0. 98303 0931410 0.7300230 162277
yd 0.9143999 36 3 T T
Tab.50  Conversion table, lengths Ceamlalicon cof thrtaetd =1 unite
bar - L.CO0 mbar - 1C4F: o i
= 1000 mbar - 1C5F2 (W)
Conversion table, areas
To 2 in2 2 2
From m = ft yd 2.5 Temperature
m? 1,550.0031 10.763910 1.1959900
Cammversion 1able, Rmgerative
in? 0.0006451 0.0069444 0.0007716 —
From ~——_1° X © F
ft2 0.0929030 144 0.1111MM X N 2 A0
yd? 0.8361273 1,296 9 e 24 %
ssam iz
Tab.51  Conversion table, areas b — — -
BEAI WAL AW WYL
Conversion table, volumes 2.6 Energy
o To m? in? ft2 yd’ Carmershon 1able, energy
om0 W Vool Fsh BTU SKE
m? 61,023.745 35.314666 1.3079506 Lram = — — ~ - : -
L8] QoxzT? 0.23501 COL00TE | QTaY J41293%
in? 1.638-10°° 0.0005787 2.143-10° ok Sun ) AN 1 VANZEL DIz
ft’ 00283168 1,728 00370370 heal 4 NERIN ames COCINS0 LAY A
PSh 2. €43 702 01 63120682 51 SN 9.08)-10¢
yd: 07645548 46v656 27 ATu (RS s 1".' P caocureel 3sura?
Tab.52  Conversion table, volumes tSKE 7 ¥n o’ A141200m . 7 om et e s 3 omint

T B COMER T ey
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