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Table 1. Operating characteristics for the energy system in the 2-company problem.

Company 1  Company 2
Fuel 1 Fuel 2 Fuel 1 Fuel 2
CCx 10.50 9.65 6.65 10.20
lijkto 100 40 120 100
cpt 120 50 130 110
Ssoxk 7.80 142 1.20 5.13
SGHGK 17 5 3 10
Ck 200 76 83 145
Boiler 1 Boiler 2 Boiler 1 Boiler 2
Mok 0.590 0.575 0.560 0.565
LI 0.600 0.595 0.605 0.600
Ay, 0.1 0.12 0.11 0.12
Ay 0.002 0.003 0.0025 0.0028
iLkaplgm 550 550 600 600
biijP 0.001 0.001 0.001 0.001
biikEL 0.001 0.001 0.001 0.001
Turbine 1 Turbine 2 Turbinel  Turbine2
e 0.150 0.175 0.160 0.170
€k, 0.070 0.080 0.070 0.075
€. 0.009 0.010 0.012 0.010
iL;kEngen 70 60 70 65
iL;kalm 900 900 900 900
iLJkoplgen 300 300 400 400
iL;kLplgm 70 60 70 65
HP MP LP
i 0.39 0.35 0.15
Bjj' 0.11 0.10 0.04




Table 2. Energy demand in the 2-company problem.

Company 1  Period1l Period2 Period3

Electricity 150 200 180
HP Steam 10 13 8

MP Steam 620 423 510
LP Steam 300 260 350

Company 2  Period1l Period2 Period3

Electricity 140 180 160
HP Steam 10 15 12

MP Steam 300 345 385
LP Steam 680 500 570

Table 3. Model and solution statistics for the 2-company problem.

Nonintegrated  Integrated

Number of constraints 627 627
Number of variables 665 665

Number of nodesin the

branch and bound tree 0 0
Number of iterations 100 162
CPU time (*sec) 0.070 0.070

* On a PC with Pentium 4 2.6 GHz Processor and 512 MB memory.



Table 4. Summary of the results for the non-integrated solution in the 2-company problem.

Company Unit Company Unit Period Vaue
Companyl HP Companyl MP 1 140.57
Companyl HP Companyl MP 3 2211
Company?2 HP Company?2 MP 1 0.54
Company?2 MP Company?2 LP 1 150.34
CompanyU Electricity Companyl Electricity 1 53.20
CompanyU Electricity Companyl Electricity 2 115.11
CompanyU Electricity Companyl Electricity 3 75.94
CompanyU Electricity Company?2 Electricity 1 7.98
CompanyU Electricity Company?2 Electricity 2 63.03
CompanyU Electricity Company?2 Electricity 3 28.10

Table5. Summary of the results for the integrated sol ution in the 2-company problem.

Company Unit Company Unit Period Vaue
Companyl LP Company?2 LP 1 89.22
Companyl LP Company2 LP 3 89.22
Company2 HP Company2 MP 3 941
Company2 MP Companyl MP 1 151.98
Company2 MP Companyl MP 2 151.98
Company?2 MP Companyl MP 3 151.98
Company?2 MP Company?2 LP 1 165.05
CompanyU Electricity Company1 Electricity 1 42.00
CompanyU Electricity Company1l Electricity 2 128.41
CompanyU Electricity Companyl Electricity 3 74.22
CompanyU Electricity Company2 Electricity 1 8.15
CompanyU Electricity Company2 Electricity 2 48.04
CompanyU Electricity Company?2 Electricity 3 28.08




Table 6. Comparison of the results for the 2-company problem.

Non-Integrated Integrated Improvement (%)
Total Cost 49,019.23 47,488.84 3.12
SO, Release 2,619,268.07 2,346,686.04 10.40

GHG Release  6,534,323.61 5,939,689.22 9.10




Table 7. Operating characteristics for the energy system in the 3-company problem.

Company 1  Company 2  Company 2

Fuel 1 Fuel 2 Fuel 1 Fuel 2 Fuel 1 Fuel 2
CCx 10.50 9.65 6.65 10.20 11.00 12.00
lijto 100 40 120 100 120 100
cpt 120 50 130 110 130 110
Ssoxk 7.80 142 1.20 5.13 4.83 2.62
SGHGK 17 5 3 10 11 8
Ck 200 76 83 145 9 102
Boiler 1 Boiler 2 Boiler 1 Boiler 2 Boiler 1 Boiler 2
Mok 0.590 0.575 0.560 0.565 0.580 0.595
Mok 0.600 0.595 0.605 0.600 0.570 0.605
Ak, 0.11 0.12 0.11 0.12 0.1150 0.1210
Ay 0.002 0.003 0.0025 0.0028 0.0026 0.0029
XiLkaplgm 550 550 600 600 600 600
biijP 0.001 0.001 0.001 0.001 0.001 0.001
b 0.001 0.001 0.001 0.001 0.001 0.001

ke

Turbine 1 Turbine 2 Turbine 1 Turbine2 Turbinel Turbine2

€k, 0.150 0.175 0.160 0.170 0.160 0.170
€k, 0.070 0.080 0.070 0.075 0.070 0.075
€., 0.009 0.010 0.012 0.010 0.012 0.010
X iL;kEngen 70 60 70 65 70 65
X iL;kalin 900 900 900 900 900 900
X iljlkMplgm 300 300 400 400 400 400
X iLijLpl . 70 60 70 65 70 65
HP MP LP
0.39 0.35 0.15

B.. 011 0.10 0.04
]




Table 8. Energy demand in the 3-company problem.

Company 1  Period1l Period2 Period3
Electricity 150 200 180
HP Steam 10 13 8
MP Steam 620 423 510
LP Steam 300 260 350
Company 2  Period1l Period2 Period3
Electricity 140 180 160
HP Steam 10 15 12
MP Steam 300 345 385
LP Steam 680 500 570
Company 3  Period1l Period2 Period3
Electricity 150 170 170
HP Steam 11 14 13
MP Steam 320 350 440
LP Steam 300 340 450

Table 9. Model and solution statistics for the 3-company problem.

Non-Integrated Integrated

Number of constraints 993 993
Number of variables 1,042 1,042
Number of nodesin the branch
0 0
and tree
Number of iterations 166 371
CPU time (*sec) 0.080 0.080

* On aPC with Pentium 4 2.6 GHz Processor and 512 MB memory.



Table 10. Summary of the results for the non-integrated solution in the 3-company problem.

Company Unit Company Unit  Period Value
Companyl HP Companyl MP 1 14057
Companyl HP Companyl MP 3 2211
Company?2 MP  Company?2 LP 1 150.23
CompanyU Electricity Companyl Electricity 1 53.20
CompanyU Electricity Companyl Electricity 2  115.11
CompanyU Electricity Companyl Electricity 3 75.94
CompanyU Electricity Company2 Electricity 1 7.96

2

3

1

2

3

CompanyU Electricity Company2 Electricity 63.03
CompanyU Electricity Company2 Electricity 28.1
CompanyU Electricity Company3 Electricity 66.73
CompanyU Electricity Company3 Electricity 77.44
CompanyU Electricity Company3 Electricity 51.25

Table 11. Summary of the results for the integrated solution in the 3-company problem.

Company Unit Company Unit  Period Vaue

Company2 HP Companyl HP 1 126.82
Company2 HP Companyl HP 2 126.82
Company2 HP Companyl HP 3 10138
Company2 MP Company2 LP 1 25.18
Company?2 LP Companyl LP 2 75.18
Company3 HP Company3 MP 1 25.58
Company3 MP Companyl MP 1 278.00
Company3 MP Companyl MP 2 278.00
Company3 MP Companyl MP 3 14902
Company3 MP Company3 LP 3 41.44
Company3 LP Companyl LP 1 94.57
Company3 LP Companyl LP 2 76.40
Company3 LP Company?2 LP 1 54.82
Company3 LP Company?2 LP 3 6.38
CompanyU Electricity Companyl Electricity 1 81.28
CompanyU Electricity Companyl Electricity 2  166.99
CompanyU Electricity Companyl Electricity 3 87.97
CompanyU Electricity Company2 Electricity 1 8.18
CompanyU Electricity Company2 Electricity 2 50.07
CompanyU Electricity Company2 Electricity 3 28.18
CompanyU Electricity Company3 Electricity 1 18.30
CompanyU Electricity Company3 Electricity 2 38.30
CompanyU Electricity Company3 Electricity 3 38.30




Table 12. Comparison of the results for the 3-company problem.

Non-Integrated Integrated Improvement (%)
Tota Cost 73,773.87 71,953.60 2.47
SO, Release 4,100,000.00 3,527,231.44 13.97
GHG Release  10,435,585.95 9,434,073.34 9.60




