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1. INTRODUCTION 

This Process Design Manual describes and outlines the basic requirements for, 

steam systems typically encountered in process plants. 

Steam is obtained from the following possible sources: 

a) Fired steam generators or boilers. 

b) Unfired steam generators which are normally located in process units to 
utilize waste heat in gas turbine exhausts, furnace flue gases, or products. 

c) Steam turbine exhausts and inter-stage extraction. 

d) Pressure reducing valves which throttle higher pressure steam and may be 
followed with desuperheaters. 

e) Flash drums, where high pressure condensate or boiler blowdowns are 
flashed to yield saturated, lower pressure steam. 

Steam may be used for the following. 

a) Process feed-stock stripping, fuel oil atomization, and heating of tower feed 
streams. 

b) Process heating in heat exchangers and reboilers, and by live steam 
injection. 

c) Storage tank heating and pipe line tracing or jacketing. 

d) Offsite and utility plant heating; e.g. fuel oil heating, boiler feed water 
heating and deaeration, instrument air dryer desiccant regeneration, etc. 

e) Domestic and space heating. 

f) Machine drives for: 

Essential services where electricity supply is not entirely dependable. 

Large machines where a steam turbine results in lower operating costs than 

an electric motor. 

Any machinery where electric power supply is limited. 
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g) Electric power generation. 

h) Regeneration of certain catalysts, usually in conjunction with air. 

i) Steam and air decoking of furnace tubes. 

j) Snuffing fires at furnaces, relief valve vents, blow-down pits, etc. 

k) Steaming out vessels, pipe lines, and other equipments to displace air, 
hydrocarbons, or other materials. 

l) Control of smoke emissions at flares. 

m) Producing vacuum, using steam-jet ejectors. 

n) Soot blowing in boilers and process furnaces. 

2. DESIGN BASIS FOR STEAM SYSTEMS 

Initially, establish or identify the layout of the system, in particular the steam 

pressure levels. Estimate the steam demands and productions of the various 

equipments at selected pressures and temperatures. Methods of estimating steam 

requirements for some equipment are given in Section 4. The MP and LP systems 

will usually operate at or near saturation temperature. 

The general principles for establishing the steam and water balance are illustrated 

in Figure 1. Steps for determining flow rates, pressures, and temperatures follow. 

The drivers noted as “Groups A, B, C, and D” in Figure 1 refer to the following: 

a) GROUP A - HP (600 psig +) steam drivers exhausting into the MP (150 psig 

+) steam system. 

b) GROUP B - MP steam drivers exhausting to the LP (50 psig -) steam 

system. 

c) GROUP C - HP steam drivers exhausting to the LP steam system. 

d) GROUP D - Fully condensing steam drivers usually supplied from the HP 

steam system and possibly with an extraction stage feeding to the MP 

and/or the LP steam systems. 
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The following outline describes the typical steps taken to develop a facility steam 

balance and set the design basis for the steam system equipment:  

● STEP 1 

Determine the LP steam demand at design conditions for the following: 

LP stripping steam 

Process heaters 

Reboilers 

Tank heating and steam tracing, jacketing etc. 

Domestic and space heating, etc. 

● STEP 2 

Determine the MP steam demand at design conditions for: 

MP process stripping 

Process heaters and reboilers 

Utilities and offsite heating 

Steam jet ejectors 

Fuel atomizing 

Flare header, etc. 

● STEP 3 

Determine the quantity of MP steam to be generated in waste heat boilers. 

● STEP 4 

Tabulate HP steam requirements of major equipment drivers (Groups A and C) 

which must be steam driven. 

● STEP 5 

Tabulate MP steam requirements of minor equipment drivers (Group B) which 

must be steam driven. 
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● STEP 6 

Tabulate HP steam requirements which shall preferably have 

condensing/extraction turbines (Group C). 

● STEP 7 

Tabulate MP steam requirements of minor equipment which may have steam 

drivers or steam driven spares. 

● STEP 8 

Estimate LP steam required for the deaerator, assuming an operating 

pressure of 5-10 psig and vent steam of 1000 lb/hr. 

● STEP 9 

Balance the total LP steam demand (STEP 1) with the LP steam supply from 

Groups B and C drives (See STEPS 4 and 5) and any other known sources of 

LP steam, e.g. from flash drums. Small differences may be balanced by using 

equipment listed in STEP 7 or by pressure let-down from the MP steam 

system. 

● STEP 10 

Determine the total MP steam demand by the sum of the demands in STEP 2 

and the quantity determined in STEP 9. 

● STEP 11 

Balance the MP steam demand (STEP 10) against the total MP steam supply 

from waste heat boilers (STEP 3), extraction steam (STEP 6), and exhaust 

steam from HP steam drivers (GROUP A), and any other known sources of 

MP steam. Small differences may be balanced by changing the extraction 

steam rate from GROUP D drivers or by pressure let-down from the HP 

system. 

● STEP 12 

Remaining HP steam drivers (Group D) should be fully condensing. 
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● STEP 13 

Determine the demand for HP steam and verify the pressure and temperature 

assumed. Adjust the balance if necessary by recalculating using a different 

steam pressure. 

● STEP 14 

Adjust the complete balance for emergency conditions, eliminating services 

which would be inoperative, by adding emergency loads and intermittent 

loads, and by making full use as necessary of the pressure let-down systems 

to achieve balances during abnormal operations. Steam desuperheaters may 

be used in conjunction with the let-down stations but have the disadvantage 

that a source of HP condensate is necessary for their operation. 

In a plant having process units which can be operated independently of other units, 

it is desirable to balance steam requirements at each unit independently of other 

units, in the interests of thermal economy. Similarly it is preferable to have the 

Utility plant self-sufficient in relation to exhaust steam requirements. 

3. STEAM GENERATION - FIRED BOILERS 

3.1. Design 

Either package or built-in-place installations are available. 

a) Package installations: Available in various sizes and pressure levels, 

exceeding 200,000 lb/hr at 600 psig. 

b) Built-in-place installations: Available in a full range of sizes and 

pressure levels. Boiler fuel may be fuel oil or fuel gas over a wide 

range of specifications. 

3.1.1. General 

a) BOILER CAPACITY 

Boiler capacity is expressed as net generated steam mass flow rate 

at product steam conditions. For example: 100,000 lb/h at 600 psia 
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and 650°F or 45 UK ton/h at 42.2 Kg/cm2 and 910°C superheat. 

Alternatively, boiler capacity may be expressed as boiler 

horsepower (HP). 1 HP is equivalent to 5 lb/hr of water evaporated 

from or at 212°F or 33,475 Btu/h. Conversion to lb/h is referenced 

in Table 1. 

b) FEED WATER PUMP CAPACITY 

An overdesign margin of at least 20% of the boiler rated capacity 

should be applied to boiler feed water pumps to allow for boiler 

blowdown operation above rated capacity and surges in boiler drum 

levels. 

c) BOILER FEED WATER PUMP PRESSURE 

The boiler feed water pump discharge pressure must be above the 

boiler rated pressure to allow for frictional losses in piping, control 

valve loss, entrance loss, static head loss, and etc. 

Requirements for boiler feed water are given in Table 1. 

d) DENSITY OF WATER 

Remember that the specific gravity of water leaving a pressure type 

deaerator operating at 5-10 psig will be approximately 0.95. 

e) STEAM REQUIRED FOR OIL BURNERS 

Two types of oil burners are commonly used: Inside mix burners, in 

which steam and fuel oil are mixed in a chamber within the burner 

then issued from the burner as a single stream, requiring 0.2-0.5 lb 

of 125 psig; or, outside mix burners requiring up to 1 lb of 125 psig 

steam per lb of oil. 

In general the higher the pressure and temperature of the oil, the 

lower the steam consumption, but steam pressure should exceed 

oil pressure by about 25 psi to avoid any possibility of oil flowing 

down the steam lines. 
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3.1.2. Steam Raising Capacity 

a) Steam should be generated in two or more boilers to provide 

adequate spare capacity. 

b) The maximum capacity should not be less than 133% of the normal 

demand and should be at least equal to the emergency steam 

requirement, assuming that the boilers can be operated at 110% of 

rated capacity for a short time. 

c) Boilers should be considered as operating at partial loads, while 

supplying normal requirements. 

d) Shut-down of one boiler: 

The remaining boiler(s) should be capable of supplying the plant 

steam requirement. 

e) The design condition for each boiler and its associated piping and 

auxiliaries should suit the rated capacity of the boiler. 

The emergency design condition for each boiler is 110% of rated 

capacity, with temperature and pressure assumed to be equal to 

those at the design condition. 

f) Design pressure should be 10% greater (minimum 25 psi greater) 

than the maximum operating gauge pressure. The maximum 

operating pressure is equal to the feed water inlet pressure and 

exceeds the boiler outlet pressure by the sum of the internal losses. 

The outlet pressure of a boiler is expressed as the pressure at the 

steam drive or superheater outlet, not including valve or piping 

losses. 

3.2. Installation 

a) In warm and temperate climates, boilers can be located completely 

outside. In cold climates, outside installation should be used, but the 

front of boilers and the firing aisles should be located inside buildings. 
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b) Boilers can be obtained either "right” or “left-handed." 

Use of "opposite hand" boilers may permit common use of one platform 

for firing, soot blowing etc., and common pipe support structures. 

c) Carbon monoxide boilers should be located close to the catalyst 

regenerator which produces the carbon monoxide in order to minimize 

runs of large diameter piping. 

The minimum distance of carbon monoxide boilers from process 

equipment should be 40 feet. 

The depressuring chamber should be located approximately 25 feet from 

the main bypass seal pots. 

d) Accessories: 

Boilers are usually supplied with the following accessories: 

- Fuel burners, oil and/or gas. 

- Forced and/or induced draft fans. 

- Flue gas ducts (and stacks, if required). 

- Air preheaters. 

- Continuous and intermittent blow-down controls. 

- Soot blowers, controls and instruments. 

- Access platforms, ladders, and walkways. 

- Instrumentation for firing and boiler feed water controls. 

- Level control, steam pressure and steam temperature controls. 

3.3. Instrumentation 

Combustion controls provide for adjustment of fuel flow to maintain steam 

pressure and for adjustment of air flow to maintain the required air-to-fuel 

ratio. 

Controls may be suitable for combination (oil and gas) firing and may include 
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the necessary control of atomizing steam. Feed water controls provide for 

regulation of feed water in proportion to the steam flow and are modified by 

the level in the steam drum. The feed water control valves should have a 

minimum pressure drop of 25 psi for low pressure systems rising to 50-75 psi 

for high pressure boilers. Alarms and fail safe trip systems will normally be a 

part of vendors' standard supplies. 

4. ESTIMATION OF STEAM REQUIREMENTS FOR PROCESS 
EQUIPMENT 

4.1. Engines and Turbines 

The theoretical quantity of steam can be calculated from steam tables or 

Mollier diagram, assuming that condensation occurs at constant entropy. 

Calculations related to steam turbines are facilitated by the use of 

"Theoretical Steam Rate Tables" -by Keenan and Keyes. First Edition, 1938, 

ASME. Tables are in British units and extend to 3000 psig. Figure 2 gives an 

indication of expected turbine Rankine cycle efficiency. 

4.2. Steam Driven Pumps 

The method below applies to regular duplex or power duplex pumps pumping 

common refinery liquids operating on 125 psig steam exhausting to 

atmospheric pressure. 

Steam quantity can be approximated from the equation: 

ܵ ൌ ሺ0.07 ∙ ܥ ൅ 1.0ሻ ൈ ሺ ௗܲ െ ௦ܲሻ 

Where 

ܵ = Steam required (lb/h) 

 Pump capacity (gpm or ft3/hr) = ܥ

ௗܲ = Discharge pressure (psig) 

௦ܲ = Suction pressure (psig) 
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If greater accuracy is justified, the following multipliers can be applied. 

TYPE OF PUMP MULT. STEAM QUALITY MULT. 

Reciprocating Simplex 0.9 100°C Superheat 0.9 

Duplex (Basis) 1.0 40°C Superheat 0.96 

Power Plunger 1.02 100 psig Saturated 0.99 

In Poor Repair 1.05 200 psig Saturated 1.02 

Pressure over 100 psi 1.14 300 psig Saturated 1.04 

Viscous Liquid 
1.1 to 
1.2 

98% Quality 1.10 

The following equation also gives an estimate of steam requirements for 

reciprocating pumps for any exhaust pressure. 

ܵ ൌ ܥ ൈ
ሺ ௗܲ െ ௦ܲሻ
ሺ ଵܲ െ ଶܲሻ

ൈ
1
݊
ൈ ൬

1

ଵܸ
െ
1

ଶܸ
൰ 

Where, 

ܵ = Steam required (lb/h) 

 Pump capacity (gpm or ft3/hr) = ܥ

ௗܲ = Discharge pressure (psig) 

௦ܲ = Suction pressure (psig) 

ଵܲ = Steam supply pressure (psig) 

ଶܲ = Steam exhaust pressure (psig) 

݊ = Efficiency (for estimating purposes use 0.25) 

ଵܸ = Specific volume of supply steam (ft3/lb) 

ଶܸ = Specific volume of exhaust steam (ft3/lb) 
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4.3. Steam Stripping 

The following quantities of steam can be used for stripping crude oil 

distillation unit cuts, as a first approximation: 

MATERIAL (lb of Steam/gallon) 

Naphtha 0.2 - 0.5 

Kerosene or Diesel Fuel 0.2 - 0.6 

Gas Oil 0.1 - 0.5 

Neutral Oils 0.4 - 0.9 

Topped Crude 0.4 - 1.2 

Residual Cylinder Stock 1.0 and up 

Further information can be obtained from "Petroleum Refinery Engineering" 

by W.L. Nelson, Publisher McGraw-Hill: 1958, pp 231-232 Figures 7-3 and 7-

4. 

4.4. Vacuum Producing Systems 

Vacuum is frequently imposed on operating systems by the use of steam jet 

ejectors. A condenser, equipped with a condensate pump or a barometric 

drainage leg, is usually located before the first stage ejector to condense 

process steam and/or vapors. 

Several ejector stages may be used, with or without inter-condensers for 

ejector steam, depending on the vacuum required. 

Diagrams of systems used are given in "Petroleum Refinery Engineering" by 

W.L. Nelson, Publisher McGraw-Hill: 1958, pp 253-254. 

Estimates of steam consumption may be obtained from Table 2 or from 

vendors, or it may be calculated using references given in Section 5. 

In specifying ejectors, it is necessary to estimate air leakage into vacuum 

systems. Refer to SPD0031ERN-USA for additional information on vacuum 
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system calculations. 

4.5. Heating Coils for Tanks 

Nelson (Ref 5(ix)) gives the approximate quantity of exhaust steam required to 

heat and maintain temperature in storage tanks. 

The amount of exhaust steam heating surface required for tanks containing 

semi-solids such as heavy fuel oil, residuum, heavy topped crude, and heavy 

asphaltic crude, but not asphalt or waxes, is indicated in “Nelson's Petroleum 

Refinery Engineering," pp 582 Figures 17-19. 

Vendor's standard tank heaters may frequently be used for storage tanks, 

when it is necessary to complete only the standard heat exchanger data 

sheet for the Engineering Department, having calculated the rate of heat loss 

from the tank. 

A rigorous calculation method for sizing free convection heaters (heating coils) 

for storage tanks is given in "Process Heat Transfer" by D.Q. Kern, Publisher 

McGraw-Hill: 1950, pp 217. 

4.6. Miscellaneous 

4.6.1. Properties of Steam 

● Properties of steam in English Units may be obtained from "Steam 

Tables" by Keenan, Keyes, Hill, and Moore, Publisher J Wiley and 

Sons, Inc: 1938. 

Tables extend up to 15,000 psia and 2,400°F 

● Alternatively, properties of steam in Metric Units may be obtained 

from "Steam Tables" (International Edition-Metric Units) by Keenan, 

Keyes, Hill, and Moore, Publisher J Wiley and Sons, Inc: 1938. 

Tables extend up to 1,000 Bar and 13,000°C 

4.6.2. Line Sizing 

Sizing of steam lines is beyond the scope of this design manual. 

Please refer to the appropriate design manual for sizing criteria. 
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4.6.3. Draining of Steam Mains 

● The quantity of condensate formed due to radiation from the 

surface of insulated mains carrying saturated steam can be 

estimated from Table 3 and, in practice, will depend on insulation 

thickness, ambient temperature, and wind velocity for outside 

pipework. 

● Where steam is routed through cold pipework, the condensate 

production will be heavier. An estimate of the higher load can also 

be obtained from Table 3. 

● Due to the increasing cost effectiveness of additional insulation with 

increasing energy costs, the efficiency of insulation should be 

checked if anything other than an order of magnitude estimate of 

condensate production is required. 

● For warm-up operations it may be assumed that steam trap 

bypasses will be used to handle initial heavy condensate drainage 

from lines and equipment. 

● Drain traps should be provided at all low points or at a maximum 

spacing in accordance with Piping Standard. Line traps will be 

located by Piping Department and specified by Process 

Department. 

● Steam systems will normally be specified to operate at least a few 

degrees above saturation temperature to minimize condensate 

formation and drainage problems. 

● In saturated steam services, horizontal mains should preferably be 

sloped in the direction of flow by about 1 in 250 (1/2" in 10'). If the 

main is run without any fall, drain points should be provided more 

frequently. 

● If the main must be sloped against the direction of flow, in saturated 

steam services, the line should be sized for a modest velocity 
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(about 30 feet per second), and a substantial adverse fall should be 

provided. 

4.6.4. Flash Steam 

Flash steam is produced when condensate (or boiler blowdown, etc) 

under pressure is released to a lower pressure. The amount of flash 

steam produced can be estimated from Table 4 or calculated by heat 

balance. 

4.6.5. Steam Condensate 

Condensate handling facilities are described in the Water Systems 

Design Manual, SPD0041ERN-USA. 
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Table 1. Requirements for Boiler Feed Water 
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Table 2. Steam Requirements for Vacuum System 
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Table 3. Condensate Loads from Steam Mains 
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Table 4. Flash Steam Generation 
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Figure 1. Design Principles for Establishing Water and Steam Balance  
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Figure 2. Condensing Turbine Horsepower Efficiency  
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