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A [ B | € | o E [ F G T H | T J T K[ L
_ 1 |Process Energy Dispaich Optimization
2
3 Predicted INPUTS
_ 4 |NATURAL GAS
5§ |LSU NG Price Delivered (HHV) TR SMMBTU Carapus Electricity Derand 25000fkW
6 |NG Purchased (HHV) 23515 MMBT Uy Carapus Steam Demand 100 Jralo/hy
7 [Matural Gas (HHV) 1054867 T|BTWISCF
8 [NG flow rate (based on NG_HHY) 222 92 rSCF iy
8 NG Cost 1829 633y
10
1 |VARTABLE FLECTRICITY
12 [Rate 006119 $EW-hr
13
14 [Electricity Purchased 4000 0JLW
15 |Electricity Cost 299 831
15 |TOTAL COST 212851 e
7
8|
13
20 [ELECTRICITY BALANCE STEAM BALANCE
2 [PRODUCED (kW) USED (KW) PRODUCED (ralb/hr) USED {ralbihr)
_ 22 |3E (ras Turhine 20100 Carmpus 25000 Boiler 8 806 Campus 1000
_ 23 [Imported 4900 Boiler & Supp. 10.4
24 [SUM " 25000 SUM 25000
&5 | Boiler 4 0o SUM 1000
26 | SUM " 1000
27 |
28 | NATURAL GAS
29 | PURCHASED (MMBETUfhr) TUSED (MMETLUMr]
a0 | SUM 2351 GE Gas Turbine 2244
L3 | Boiler & Supp. 108
32 | Boiler 4 0o
33 ST 235.1
i
35 |
3%
37 [EQUIPMENT SELECTION
38 [NAME OMIOFF I ouT EFFICIENCY MAX CAPACITY MIN CAPACITY]
33 [Boiler 4 0 346 MMETU 206 ralhihr 859 % 100 radbibe 20 yalh/hr
40 |GE GasTuthine 1 2244 MMETU 20100 kW 306 % 20100 kW 4000 kW
41 [Boiler 8 1 2244 MMETU 896 ralhihr 403 % 896 ralb/hr 36.2 ralb/hr
42 |Boiler 8 Supp. 1 10.8 MMBETU 10.4 ral/hr 979 % 60.4 ralb/hy 0.0 mbhr
43
_44 |CONSTRAINTS for use in What's Best Solution
45 [NAME CONSTRAINT
46 |GE Gas Turbine = Boiler 8 hinary "o
47 |GE Gas Tubine = Boiler 8 refihr o
_ 48 |Boiler 8 Supp <= Boiler 8 binary "o
_ 48 |Electricity Imported == 0 "o
_ 50 |Electricity Produced = Consurmed -
51 |Stearn Produced = Consuraed T
52 |Matural Gas Purchased = Used o
53|
54 |Eqquipment Capacity MR MIN
55 | Boiler 4 "o T e
56 | GE Gas Twhine T
A7 Boiler 8 " <= r >z
58 | Boiler & Supp. . 4 b=

FIGURE 12.13



A E c
Process Energy Dispatch Optimization

u] E

Predicted

NATURAL GAS

LSU NG Price (HHV)

NG Purchased (HHY)

NG flowr rate [based on NG_HHY]
NG Cost

VARIABLE ELECTRICITY
Base Rate

Fuel Adjustrent

Electricity Purchased
Variahle Electricity Cost

FIXED ELECTRICITY
Facilities Charge
Demand Rate

Deand Billing Load
Deraand Charge

Fixed Electricity Cost

TOTAL COST

TR EMMBTU
167 36 IMMBT U/
158 65 JrSCFhy
1302.20)$/hr

0.01034)$/KW-hr
0.05085 ) $W-hr
17500.0QkW
1070.79 §$ /e

354508
64918k W-month

131250kW

118.31 e

153.76 /e

252675 b

H | J K L M
INPUTS
Henry Hub (NYIWVEX) Price 7601 $MMBTU
Natural Gras (HHV) 1054 267T|BTUISCE
(Carnpus Electricity Dermand 230000kLW
Carapus Stearn Dernand ] L
Carnpus CHW Dermand 12500 tons
A rabient Air Terperature O11deg F
Felative Hurmidity 421%
Electricity Base Rate 0.01034)$EW-hr
IWlay-Oct Demand Rate 6495w
Ferv-Lpr Deraand Rate 5675w
Contract Power 17500 kW
Prior Monthly Average NYIEX 7.061 |$MIMBTU
Prior IWonthly Average Spot Iarket 0.05731 |$/EW-he
Predicted Fuel &Adjustrment 0.05085 J$/EW-hr
Peak Period J0orl
(Off Peak Perind Ojdorl
Ilay-Oct 10orl
Hovv-Apr 00 or1
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A | B | o | E F G | H J | K

24 [ELECTRICITY BALANCE STEAM BALANCE
o5 [PRODUCED (kW) USED (kW) PRODUCED {ralb/hr) USED (ralb/h)
26 |3E Gas Turbine 11735 Carnpus 25000 Boiler & 618 Carnpus 320
&7 [lmported 17500 Chiller 1 1034 Boiler 8 Supp. oo Chiller 2 oo
28 |5 20235 Chiller 2 1] Boiler 7 16.6 Chiller 9 173
| Chiller 3 04 Boiler 7 Supp. 0o Chiller 10 231
80 |AX IMPORTED (kW) Chiller 4 1020 Boiler 4 oo SUM 8.4
N 17500 Chiller 5 8325 UM 8.4
E Chiller 7 693
a3 | SUM 20235
3
_ 35 |CHILLED WATER BALANCE NATURAL GAS
3 |PRODUCED (tons) USED {tons) PURCHASED (MMMBETU ) USED (MMBTU/he)
37 |Challer 1 1600 Carnpus 12500 S0 1674 GEGT 146 8
38 [Challer 2 0 &ir Coole 361 s92m Boiler & Supp. 0o
39 |Chiller 3 1000 SUM 12861 Bllison G T 0.6
40 [Chiller 4 1700 Boiler 7 Supp. 0o
41 |Chiller 5 1260 Boiler 4 0o
42 |ATlison Chilley 2611 UM 1674
43 |Chiller 7 1100
44 |Chiller & 1]
45 |Chiller 9 1520
46 |Chiller 10 2060

47 SN 12861

FIGURE 12.15




A [ B C_ ] D ] E [ F G T T ] d K] L ]
_ 43 |EQUIPMENT SELECTION
50 [MALE QOMIOFF IN OuUT EFFICIENCY WAE CAPACITY WIN CAPACITY
61 [Chiller 1 1 10336 kW 1600.0 tons 544.4 % 1600 tons 320 tons
62 |Chiller 2 i} 2762 EW 4003 tons 5097 % 2000 tons 400 tons
63 |Chiller 3 1 a04.0 EW 10000 tons 5823 % 1000 tons 200 tons
_ 64 |Chiller 4 1 10795 kW 17000 tons 5538 % 1700 tons 340 tons
65 [Chiller 5 1 BA52 EW 12598 tons 5369 % 2000 tons 400 tons
66 [Chiller 7 1 6930 kW 11000 tons 5582 % 1100 tons 220 tons
57 [Chiller 8 i} 5.7 rabthr 5000 tons 935 % 2060 tons 500 tons
68 [Chiller 9 1 173 mbfhr 15295 tons 941 % 2060 tons 500 tons
69 |Chiller 10 1 231 mb/hr 20600 tons 051 % 2060 tons 500 tons
60 [Bodler 4 i} 237 MMETUMr 203 mb/hr 259 % 100 rlbihr 20 rmbbihr
61 |GE Gas Twhine 1 1462 MAMBETUMr 11735 KW 3% 20100 kW 4000 kW
62 |Boiler 2 1 146 8 MMBTU e 618 mb/hr 425 % 206 mb/hr 36.2 mb/hr
63 |Boiler 8 Supp. i} 0.3 MMBETUhe 0.3 mb/hr 079 % 60.4 mb/hr 0.0 b/
64 |Allison G TIChill 1 206 MMETUMr 2611 tons 1521 % 6400 tons 2500 tons
65 [Boiler 7 1 206 MMETUMr 166 mb/hr 210 % 22 mbhihr 16.6 mhb/hr
66 |Boiler 7 Supp. 0 0.2 MMBETUh 0.2 mb/hr 079 % 71.5 mb/hr 0 /by

FIGURE 12.16



INPUTS

Henry Hub (NYMEX) Price 9.41
Natural Gas (HHV) 1054.8677
Campus Electricity Demand 23735
Campus Steam Demand 40.731
Campus CHW Demand 3526
Ambient Air Temperature 33
Relative Humidity 33
Electricity Base Rate 0.01034
May-October Demand Rate 6.49
November-April Demand Rate 5.67
Contract Power 17500
Prior Monthly Average NYMEX 13.157
Prior Monthly Average Spot Market 0.09897
Predicted Fuel Adjustment 0.07396
Peak Period 0
Off-Peak Period 1
May-October 0
November-April 1

FIGURE 12.17
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v ,| =OnIf Gas TurbinelIson | Ib Steam/h
Energy Out = / (Energy In) Btu Steam/h
Steam
Energy Rate
to
Process
HRSG Supplemental Firing Additional
] =On If Gas Turbin.e Is on Energy Rate Out
and Supplemental Firing Ison| > Ib Steam/h
Energy out = f (Energy In) Btu Steam/h

FIGURE 12.2



Natural G Boiler 0000
atura as Feedwater Natural Gas
Ambient v v ;
Air : GE Boiler 8 .
—» Air Cooler Gas Turbine > (HRSG) Boiler 4
Chilled * Produced | Steam  Steam
Water : Electricity I I
I 2 P v
l i
! I
| Purchased i
| Electricity I
|
: Campus I
: »  Electricity !
! Demand ! v Allison Gas Ambient
Campus | l Boiler 7 ) Air Air
p I ! Turbine and [«— -
Chilled Water | | | (HRSG) i Cooler
Demand : i ' : .
4 : ! : | ]
! | Fommimd ! Chilled | !
: : Y i : Steam, Water ! !
| | I | I
! | Chiller 1-5,7 : : . ! !
| ! , Chiller 89,10 | ’ CEIpIE |, .
: ! | Chilled T Steam : :
| I T . Demand
| ! | Water I Chilled | |
I | | , Water : :
Y N ________ Y o ________ Ny _______ g

FIGURE 12.3



% Design kW

100

80 1
60 1
<
40 -
O 85°F ECWT
A 75°F ECWT
“ o 65°F ECWT
& 55°F ECWT
0 , | | |
20 40 60 80 100

% Design Load

FIGURE 12.5



Ambient Air
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FIGURE 12.7

. A B [ D B G H J K E h
1

2 |water vapor saturation pressure check MY dry air 28.965

3 enter T (K| 288.70556 K MWWV water 18.015

4 |

5 a (T-273.15)"!

= 1 6.1117675 B.111768
| 7 | 2 0.4439861  6.90645 145.5 Ibfs
A 3 1.43E-02 3.461537 =

£ 4 2.B65E-04 0997579 " Air Cooler

10 5 3.02E-06 0176972 767 F 60 F
LA & 2.04E-08 0.01857 2597 9833333 K 2687055556 K
12 7 6.39E-11 0.000205 73.30 % hurnidity in 100% humidity
1] pu_y=| 0.022697313 atrm (with humicity in) Pu_y = 0.017442664 atm
ﬂ pu_y = 17.67378 mb(millibar) Ib dry airfb totall  0.985761057 Ib dry airfb total 0.989079392

15 pu_v = 0.017443 atm los dry airfs 143.9110516 los dry airs 1439110516 |bis
16 ls wwater/s 2.078740263 lbs waterfs 1.58894842 Ib/s
17

18

19 | 0.459792 Ib/s

20 | water condensation rate



