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Boiler Unit Operation

Steam utility systems account for a significant portion of the energy consumption in
many facilities and are also a source for greenhouse gas emissions. The Symmetry
process platform offers a wide variety of tools to model and optimize utility systems.
This article describes the main features of the Boiler unit operation which was officially
released in Symmetry 2020 and offers great flexibility to specify the flue and steam
sides.
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Figure 1. Boiler unit operation schematic with streams

1. Property package assignment

The boiler unit operation is in the “Fired Equipment” section of the Visio stencil. The unit
operation is divided into two main sections, the flue side and the steam side. Each side
can have a different property package such that the steam side can use the Steam 97
package and the other side can use a more suitable equation of state for the
combustion calculations. For this example, we will assume that the default property
package is using Advanced Peng Robinson (for the flue side) and that there is a second
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property package set to “Steam 97” as the property model with WATER as the only
component.

To assign the steam package, right-click on the unit operation and click on “Assign
Property Package”. Make sure you assign the Steam package to the Steam side.

Property Package Assignment

Assign Property Package to all: | Select Property Package A

Name Current Property Package Property Package to be Assigned
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Figure 2. Property package assignment
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This will display a different component list for each side as shown below.
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| » Schematic / Connections

m Settings  Equilibrium Results  Notes

{ [> Flue Side Data |[> Steam Side Datal|

Flue Side

Maole Flow [Ibmol/h]

Mass Flow [Ib/h]

Volume Flow [ft3/s]

Std Liq Volume Flow [ft3/s]
Std Gas Volume Flow [MMSCFD]
P Properties (Alt+R)

4 Mole Fraction [Fraction]
- METHANE

~ ETHANE

- PROPANE

- n-BUTANE

- OXYGEN

~ NITROGEN

-~ CARBON MONOXIDE

~ CARBON DIOXIDE

- WATER

P Mass Fraction [Fraction!
<

Steam Side
PortName Fuel Supply Air Flue Gas PortName Feed Water Blowdown Steam Out
Is Recycle Port O O O Is Recycle Port O O O
Connected Stream/Unit Op - - Connected Stream/Unit Op - -
VapFrac VapFrac
TIF TIFA
P [psia] P [psia]

Mole Flow [Ibmaol/h]

Mass Flow [Ib/h]

Volume Flow [ft3/s]

Std Lig Volume Flow [ft3/s]

Std Gas Volume Flow [MMSCFD]
P Properties (Alt+R)

4 Mole Fraction [Fraction]

- WATER

P Mass Fraction [Fraction]

P Std Liq Vol Fraction [Fraction]
» Mole Flow [Ibmol/h]

» Mass Flow [lb/h]

P Std Liq Volume Flow [ft3/s]

Ignored

Figure 3. Boiler with steam side assigned
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2. Specifications

The boiler unit operation is configured to monitor degrees of freedom and it will
automatically solve as soon as enough specifications are provided to solve the heat and
material balance. This flexibility enables a wide combination of specifications. The flue
side includes an inlet air port, an inlet fuel port and an optional second inlet fuel port.
The outlet from the combustion is assigned to the Flue Gas port. The flue side must
include oxygen, nitrogen, water, carbon dioxide and at least one fuel component.

The air composition can be specified directly by the user or it can be set as a reference
to the global default air definition from the root flowsheet. This option enables also an
option to specify relative humidity.

[

A Ajr
Air Composition Flowsheet at RH ~
Relative Humidity [%] 100.00:
02 Excess [Fraction] 0.10
02 Frac Qut (Wet) [Fraction] 0.01731
02 Frac Out (Dry) [Fraction] 0.0212

Figure 4. Specifying relative humidity for the air in the feed.

In the boiler unit operation, the fuel and air feeds are reacted in an exothermic reaction.
The energy from this combustion is balanced as follows:

e Raise the energy content of the water to generate steam
e Losses (configured in the Energy Loss % variable)
e Outlet temperature of the Flue gas

The steam outlet can be defined with a quality such as saturated vapor, superheated
steam or left to be calculated from the balance. Some common specifications include a
specification of fuel flow to calculate the steam being raised or specifying the steam flow
and back calculating the fuel instead. If both water and fuel flows are defined, then the
heat content of the outlet steam would be calculated from the balance.
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Settings  Equilibrium Results ~Notes

v Flue Side Data v Steam Side Data
Name > Value Name > Value
Released Energy [Btu/h] 1.179E+8 | LAksarbed Enerqu [RI/R] A4S BT
Thermal Efficiency [%] 72.03 | Steam Condition Saturated Vap~
Efficiency Basis GHV ~ || Blowdown Condiiion Saturated Liquid -
Energy Loss [Btu/h] 4.469E+6 || Blowdown Ratio 0.02
Energy Loss [%] 5.00 || Delta P [psi] 5.00
Delta P [psi]
Ideal Combustion
2nd Fuel Supply
b Air
» Burner
Flue Side V4 Steam Side A
PortName Fuel Supply Air Flue Gas || PortMame Feed Water Blowdown Steam Out
Is Recycle Port O L) O Is Recycle Port O O O
Connected Stream/Unit Op fFuel.Out  ~ /Air.Qlut * fFlueGas.In ~ Connected Stream/Unit Op /Water.Out ~ /Blowdown.In ~ /Steam.In ~
VapFrac 1.00 1.00 VapFrac 0.00 0.00 1.00
TIF 60.0 700.0 TIF 482.6 481.7 481.7
P [psia] 14.73 12.73 P [psia] 580.15 57515 575.15
Mole Flow [Ilbmol/h] 3247.38 354596 Mole Flow [Ibmol/h] < 2 127.95 6397.59
Mass Flow [Ib/h] 9322715 9824215 Mass Flow [Ib/h] 2305.09 11525434
Volume Flow [ft3/s] 341.134 962,672 Volume Flow [ft3/s] oo 0.013 25755
Std Lig Volume Flow [ft3/s] 1.209 1.136 Std Lig Volume Flow [ft3/s] 0524 0.010 0.513
Std Gas Volume Flow [MMSCFD] 2.5485E+0 2.9576E+1 3.2295E+1 Std Gas Volume Flow [MMSCFD] 5.9432E+1 1.1653E+0 5.8267E+1
P Properties (Alt+R) P Properties (Alt+R)
A Mole Fraction [Fraction] A Mole Fraction [Fraction]
- METHANE 0.907 0.00 0.00 - WATER 1.00 1.00 1.00
ETHANE 0.062 0.00 0.00 » Mass Fraction [Fraction]
- PROPANE 0.021 0.00 0.00 } Sid Lig Vol Fraction [Fraction]
- n-BUTANE 0.01 0.00 0.00 » Mole Flow [Ibmol/h]
OXYGEN 0.00 0.20862 0.01737 P Mass Flow [Ib/h]
NITROGEN 0.00 077772 0.71224 } Sid Lig Volume Flow [ft3/s]
- CARBON MONOXIDE 0.00 0.00 0.00
- CARBON DIOXIDE 0.00 0.00 0.08945
WATER 0.00 0.01366 0.18091 v

Figure 5. Calculating steam flow from fuel flow
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Equilibrium Results

Notes

* Flue Side Data v Steam Side Data
MName > Value Name > Value
Released Energy [Btu/h] 1.174E+8
Thermal Efficiency [%] 72.03 jf Steam Condition Saturated Vapv]
Efficiency Basis GHV ~ [T Blowdown ondrior aturated Liquid~
Energy Loss [Btu/h] 4.451E+6 || Blowdown Ratio 0.02
Energy Loss [%] 5.00 || Delta P [psi] 5.00
Delta P [psi] 2.00
Ideal Combustion
2nd Fuel Supply |
P Air
P Burner
Flue Side Vi SteamSide N\
PortName Fuel Supply Air Flue Gas # || PortName Feed Water Blowdown Steam Out
Is Recycle Port L} O Is Recycle Port O O O
Connected Stream/Unit Op /Fuel.Out + [Air. Oy + /FlueGas.In - Connected Stream/Unit Op' /Water.Out ~ /Blowdown.In ~ /Steam.ln -
VapFrac 1.00 1.00 1.00 VapFrac 0.00 0.00 1.00
T[F] 60.0 60.0 700.0 TIF] 482.6 481.7 481.7
P [psia] 14.7 14.73 12.73 P [psia] el 575.15 575.15
Mole Flow [lbmol/h] & 323467 3532.08 Mole Flow [lbmol/h] 127.45 637255
Mass Flow [Ib/h] 92862.28 9785766 Mass Flow [lb/h] 117099.32 2286.07 114803.25
Volume Flow [#3/s] T 339.799 958905 || Volume Flow [ft3/s] 0653, 0013 25.654
Std Lig Volume Flow [ft3/s] 0.070 1.204 1.131 Std Lig Volume Flow [ft3/s] 0.522 0.010 0.511
Std Gas Volume Flow [MMSCFD] 2.5385E+0 2.94BE+1 3.2169E+1 Std Gas Volume Flow [MMSCFD] 5.92E+1 1.1608E+0 5.8039E+1
} Properties (Alt+R) ¥ Properties (Alt+R)
A Mole Fraction [Fraction] 4 Mole Fraction [Fraction]
METHANE 0.907 0.00 0.00 WATER 1.00 1.00 1.00
ETHANE 0.062 0.00 0.00 » Mass Fraction [Fraction]
PROPANE 0.021 0.00 0.00 » std Lig Vol Fraction [Fraction]
n-BUTANE 0.01 0.00 0.00 » Mole Flow [lbmol/h]
OXYGEN 0.00 0.20862 001737 P Mass Flow [Ib/h]
NITROGEN 0.00 0.77772 0.71224 } Std Lig Volume Flow [ft3/s]
CARBON MONOXIDE 0.00 0.00 0.00
CARBON DIOXIDE 0.00 0.00 0.08949
WATER 0.00 0.01366 0.18091 w

Figure 6. Calculating fuel from steam demand

There are two efficiencies in the boiler unit operation. The “Energy Loss %” is the
percent of energy lost to the surroundings. The “Thermal Efficiency %” is the percent of
energy transferred to the utility fluid (steam) in reference to the heating value available
in the feed. The thermal efficiency can be defined in reference to the gross heating
value or the net heating value. The outlet flue gas temperature can be specified or
calculated from the thermal efficiency.

Figure 7.

~ Flue Side Data

MName

Released Energy [Btu/h]
Thermal Efficiency [%]
Efficiency Basis
Energy Loss [Btu/h]
Energy Loss [%]

Delta P [psi]

Ideal Combustion
2nd Fuel Supply

P Air

P Burner

» Value
1.182E+8
71.58
GHV ~
4 451E+6
5.00
2.00

O

Thermal efficiency calculated from energy balance
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Conclusion

A boiler unit operation was introduced in Symmetry 2020 to aid in the modeling of steam
utility systems for processing facilities. The unit operation has two sides, one for the flue
side and another for the steam. The boiler can be specified in multiple ways which
facilitates the configuration of complex simulation models.

To learn more about the Symmetry Process Software Platform please contact your local
Schlumberger office.

* Mark of Schlumberger
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