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Abstract

In this research, a new approach was proposed to analyze water, energy Received: 5 June 2024

and environment in the north utility plant of Tehran Oil Refinery. Accepted: 1 December 2024
Operating costs were defined as an economic objective function and five Page Number: 40-53

scenarios were examined, including the elimination of some equipment
such as boilers and turbines. By removing equipment that operates at
minimal capacity, increasing the efficiency of other equipment and
importing electricity, a 1-23% saving in operational costs can be
achieved. Subsequently, the addition of an organic Rankine cycle to
the existing equipment was proposed as a scenario aimed at reducing
both economic costs and environmental impacts. The environmental
objective function was presented based on life cycle assessment methods,
and the multi-objective optimization of the refinery's steam network was
performed using the &-constraint method. The results showed that
the minimum amount of operating costs is equal to 35.09 M$/y, while
the most environmental effects are observed at this point (24.68 MPt/y).
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On the other hand, the minimum value of the environmental objective Keywords:

function is equal to 20.68 MPt/y, while the operating costs of the unit Steam Network,

reach their highest value, that is, 35.26 M$/y. The final selection, in terms Mathematical Modeling,
of prioritizing the importance of each objective function, rests with Utility Plant,

the decision-makers based on the existing conditions. The scenario of Water, Energy,

adding the organic Rankine cycle with a payback period of 5 years is
a suitable solution for generating part of the power demand of
the network with a lower operating cost and reducing environmental
effects.
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Table 1. Comparison of different optimization methods.

Computational

Method Algorithm Type Strengths Weaknesses .
gort e g Complexity
. . Fast Pareto front, diversity in Parameter tunin
NSGA-1I® Evolutionary Algorithm . vy . 9 Moderate
solutions required
Can struggle with
- . Good for large-scale .
MOEA/D’ Decomposition Algorithm 9 complex problem High
problems
landscapes
. High computation
. S Precise control over : .
g-Constraint Scalarization Method . time for many High
objectives -
objectives
. Easy to implement, suitable Poor diversity in
MOPSO’ Swarm Intelligence Y P . vy Moderate
for continuous some cases
_ Suitable for both discrete and
psA® Metaheuristic . Slow convergence Moderate
continuous
1. Mixed Integer Linear Programming (MILP) 2. MINLP 3. g-Constraint Method 4. Pareto

5. Non-Dominated Sorting Genetic Algorithm
7. Multi-Objective Particle Swarm Optimization

6. Multi-Objective Evolutionary Algorithm
8. Pareto Simulated Annealing
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Figure 1. Current conditions of the steam network of Tehran refinery.
Gbilase g 4B sladAld you doal uii Y J gan
Table 2. Conditions of steam and condensate headers.
Pressure (psig) Temperature (°F) Enthalpy (kJ/kg)
700 3133.1
Steam @ 650
@ Saturation: 497.4 Saturation: 1127.7
Steam @ 300 550 2990.3
Steam @ 60 425 2894.2
Condensate @ 50 125 216.7
NP U - T JUVE- QRN S PREN
Table 3. Flowrate of pressure reducing valves.
Pressure relief valve Flow rate (kg/h)
Between 650 and 300 psig 40000
Between 300 and 60 psig 5000
1. Header
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Table 4. Power demands.

Turbines

Power demand of turbo generators

Shaft demand of boiler feed water (BFW) pump

Shaft demand of boiler fan
Shaft demand of compressor control

Power demands (kW)

12000
860.9
693.4
27.6
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Figure 2. Steam header.
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Table S. Upper and lower bounds of decision variables.

Variable

Lower bound

Steam flowrate for boiler (f3;)
Steam flowrate for steam turbine (f;’,)

Power generation for steam turbine (w;;7,)

Electricity import or export

Upper bound

30442 kg/h 78925 kg/h
17031 kg/h 34062 kg/h
3600 KW 7200 kW

0 10000 kW
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Table 6. Utility costs.

Utilities

Electricity import
Electricity export
Natural gas fuel

Cooling water

0.108 $/kWh
0.064 $/kWh
0.42 $/kg
0.00043 $/kg
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Table 7. Damage factors of utilities.

Damage factor

Fuel
Water
Electricity

0.000006422 Pt/kJ
0.00005005 Pt/kg
0.7873 Pt/kWh

1. Damage Factor
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Table 8. Specifications of boiler’s flue gas.

Parameter Value

Mass Flowrate (kg/h)
Temperature (°C)
Pressure (atm)

Composition
(% mass)

78423.5
200-320
1.0
N; 75.7
H,0 oS
0, 2.4
CO, 12.4

1. Solver
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log Cy = [Ky + Ky logw + K3 (log w)?] ()
Ce = Co[By + (B X Fy X Fp)] )
log Fp = [Cy + C;log P + C5(log P)?] V)
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Table 9. Conditions of organic Rankine cycle.

Conditions of organic Rankine cycle

Heat source temperature (flue gas)
Heat sink temperature (cooling water)
Working fluid flowrate
Turbine inlet/outlet pressure
Pump outlet temperature

250 °C
10°C
4.5 kgls
5.4/0.04 bar
20°C
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Table 10. Constants for cost of equipment.

Constants

Power
P 33892 0053  0.1538
Evaporator & Ala 6656 -01557  0.1547
Condenser (m?)

P
Turbine (Ex;r 22476 14965  -0.1618

-0.3935 0.3957 -0.00226 1.89 1.35 15

0 0 0 0.96 121 1

1. Levelized Cost of Energy (LCOE)

4. Maintenance Cost 5. Annual Income (Al)

2. Total Investment Cost (TIC)

3. Chemical Engineering Plant Cost Index (CEPCI)
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Table 11. Operating conditions for different scenarios.

Parameter Scenario#l
BFW Flowrate (kg/h) 133944.8
Steam produced in boilers (kg/h) 121768
Boiler blowdowns (kg/h) 12176.8
Fuel flowrate (kg/h) 8477.2
Electricity produced (kW) 10800
Steam flowrate of turbo
generators (kg/h) 51093
Cooling water flowrate (kg/h) 1696440
Electricity import (kW) 1200

Scenario#2
123947.4
112679.5

11267.9
7800.9
10800

51093

1696440
1200

Scenario#3 Scenario#4 Scenario#5
123947.4 105213.3 86479.2
112679.5 95648.5 78617.5
11267.9 9564.8 7861.7

7692.8 6570.8 5439.6
10800 7200 3600
51093 34062 17031

1696440 1130960 565480
1200 4800 8400

Alias gulgidag slar b Jlilas gladia s VY Jgua

Table 12. Operating costs for different scenarios.

Cost (M$ly) Current Scenario#l
Operating Cost 35.7 35.4
Fuel Cost 285 285
Cooling Water Cost 72 5.8
Electricity Cost 0 1.1
Saving (%) 0.9

Scenario#2 Scenario#3 Scenario#4 Scenario#5
331 32.7 30.2 275
26.2 25.8 221 18.3

5.8 5.8 39 1.9
11 11 4.1 7.3
7.3 8.3 15.6 23
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Figure 4. Pareto front.

1. Non-Dominated Solution (NDS)
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