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ITEMS

MODEL CHARACTERISTICS

« COVERAGE - Eleven industrial sector modules

«  FUELS Twenty including auxiliary services
Industry specific

Ten slots, CO, only universal one
Calibrate to MECS - 1991

Annual - twenty mcrements (1991-2011)

Increments adjusted to cover longer
periods
+  SOFTWARE - Program written in APL

- Data analysis, scenario development and

results all in spreadsheets (now use Lotus
1-2-3, Version 5)

«  EMISSIONS
«  YEARS

HOW THE MODEL WORKS

¢« ITEMS Overview
~  Product demand drives process energy service demand
—  Service requirements give rise to auxiliary demand
— OId stocks retire
— New stock acquired to meet demand
— Market share calculations based on costs

» (Capital
< O&M
« Fuel
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MODEL COMPONENTS

Engineering process flow model (Figure 1)

Auxiliary process components (Figure 2)

Technology characteristics file with base energy

consumption by fuel type (Figure 3)
Industry output forecast (Figure 4)
Fuel price forecast (Figure 5)
Financial information (Figure 6)

Flow Model:

Petroleum Refining

3(2)

Reforming

503)
Alkalation

4(1)
Lighting

8(5)

Space Heating

Space Cooling

i1

10(6)

Isomerization

13(7) 7\ 14(6)

[ Desulfurization J| Sultur Recovery[

16(9)

22(14)

1911

)
! Lubes l lAsphalt I

20(12)

Coking ' L Cracking

I

15

17(10)

o Primary Output Group

Intermediate Node

I Atmospheric Distillation ' l

Vacuum Distillation |

Figure 1

D Energy Services
Competition Node

# Node Number
(#) Competition Node

607



ITEMS

Auxiliary Process Components
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Technology Characteristics File

Table 1. Fuel and Emissions Table 2. Technology Connections Table 3a: Retrofit Control and Connections
Information (Component 30)
Fuels Base Year Technologies to be competed Techs for| Cortrol] Ctions for refrofitting
No. Name Units Units [|LeafNo|No. 1 |No. 2 [No. 3 cort....... Retrofit  |R-Viex [R-Min|R-Mix|No. 1|No. 2{No. 3{oort...

Table 1 contains information on fuel use, by | {Table 2 contains information on the set of technologies Table 3a contains infaretion on technologies thet are available for retrofit before

609

type, in the starting year for the model runs. which compete to provide a particluar service. Each before reaching the retirement age of the equipment. Spedific minimun, meximum
This includes convertional fuels such as coal | [seyvice, or "leaf’ is represented in the industry flow and retrofit rix levels can be input by the user to contrd the extent to which retrofit
and electricity, as well as energy carriers such | [model and has an associated leaf number. The | is allowed for each technology. The technology option ocoiunTs are use to specifiy

as heat, compression, or conveyance. Table 1 | lremaining columns refer to the set of technologies the techndlogies which are allowed to compete against the techndogy thet is open
also conttains emissions information for upto | llisted in Table 4 which compete to provide the to refrofit. These technology numbers refer to the nurbers in Table 4.

ten categories. The model currently contains | Iservice. | ] | ] | | ]

information only for CO2 emissions.

| |

Table 3b: Retrofit Costs and Benefits of Technologies

Technologies listed in No. 1-6 of Table 3a
No. '[Option [Cap C [Tax Cr [Other Cr
Table 3b contains information on the costs for each retrofit option,
tax credits associated with the retrofit, and any other credits
associated with the retrofit. Technologies are referenced to the
technology number found in Table 4.

! I
Table 4: Technology Information 1 l L |
Technology | Technology {Base Stock [ Technology Fuel and Emissions Coeffidients Material Output SCU Weight Capital Cost  {O&M Costs Year (Year |
Number Name Per Unit Output (ToaGJ) (Share of stock) (W/o energy costs) |Avail |Unavall

1 2
Type |CP |Type |C/P  [Type jcont..... SCU1  |SCU2  |SCU1  |SCU2{SCU1[SCU2 |SCU1 |SCU2

Table 4 cortains information on the specific end-use technolgies which currently are used in each industry, or which are expected to penetrate into the industry in the future.
The technology number is used in Table 2 to assign each of these technologies to a particular leaf, or competition node. Each technology listed in a particular
ieaf competes for market share with other technologies in that node. This competition is based on economic and opterating characteristics stored in Table 4.
Each technology has assigned to it up to 10 coefficients for fuel and emissions consumed or produced per unit of service demand. The table also contains capital and
operating cost information, technology lifetime, and the years in which the technology becomes available or unavailable. ITEMS calculates future energy consumption
and emissions by muttiplying future service demands by the performance coefficierts in this table. I | | | [ 1 [

Figure 3
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Industry Output Forecast

FCRECAST REFINERY PRODLCT SPUITS | I
GASOUNE ALKYLATE PETRCLELMFRACTICN
RATE ST I T | ST |
Yer [OF OUTPUT | | |
INFEASE [(md) AYLATE] ISOPARA] PETFRAC] SPACE| LIGHT] | | REFORM] ALKYLATE] ISOPARAl | [HYDROIR| DISTILL] CRACKING| LUEES) ASPHALT] |
11 48 0748 o010 198 00f7] 002] | o7 019 0D 0633 100 0689 001177 00w |
190 101 410EA8 0738 ofio 18 oof7, 002 | o711 0% oo 0679, 1000 06 oo17|  oow |
£ 10 414508 07 01 198 oof7| o0i2| | o7t 018 ool | 06751000 06| 00117] _ oaw| |
14 108 4105408 070 __of8 198 aol7] oo2| | am 0198 oo | 0672 100 oerel 00117 | o0 |
156 108 44EHH 06l 0104 198 oot oo2| | a7 019 oo | 063 100 0649 00117|  oax |
156 108 441508 071 014 198 0017 o02| | a7 01%8 oo | 0685, 100 0651 ooi7|  oox |
157 110 44618 066 0103 198 0017 002 | a7 0199 00 0610 100 066 00117 |00 |
158 110 4408 0700 04 1e08 007 002 | a1 0195 000 o6m 1.0 o6 00117 | o2 |
195 11| 4506408 0% 018 1e8 0017 0oz | a7 0199 00 0640 100 06s 0ot17|  ooe2| |
200 12| AFEAS o688 ot 198 o017 oo | 0711 01 ooo | 067 100 0643 00117] _ odx |
201 113 45708 084 owa 198 0ot7] o002 | o7 019 od0 | 063 100 06 00117 002 |
i 113 45EA8 0% 0108 198 Ool7, 002| | o711 01e oo | 06l0] 1.0 068 00117|  00% |
20 113 4EE8 06l oim 18 o017 oo | 07 019 oco | 0640 1000 068 00117] 00| |
] 193] 4GEAB 088 o 1o8 0017 o002 o711 01 000 0602 100 oeds| 0o117|  oa |
206 14 A8EA8 oel| o4 198 007 oo 0711 015 00N 0643 1000 o6 00117 00 |
06 114 468 o701 _otod] 198 oo, o0 0711 019 oG 0645 1000 0651 00117 00w |
X0 134 46608 076 0105, 148 0ol oo a7 0158 00 0688 100 064 0o117| ol |
208 194 46EK8 0708] 0105 108 Ooi7| 0002] | 0711 018 om0 | 0651] 1.0 0657 00117] o2 |
200 114 46EH8 0712008 198 00177 o0ow2| | 0711 01% oo | 065 1.0 o061 00117| o2 |
201 194 4Ee 0713 0105 198 0017 oom2| | 0708 020 oo | o&s 100 oes ooti7| oo |
20 114 468 o713 ot 198 007 oow2| | 078 oot 0w | 062 1000 oes ooii7|  oow |
NNUA‘[?YTE]—M@YEF]OB\CNLEVE.S’UT
SPACE CONDITIONN 0% 0% 0
MACHRECRVE _ 001 0® 04 03 02 I 1
PLVP SPUT 0% 0 oot
GENERAL PUVP S°U 03 07
SURRY STOKSPU a3 07
PRECSIONSPLIT 03 07
l |
HYDROTREATING DISTILLATION CRACKED OIL STEAM
SPLIT EZ MEET | [SPLIT
l | 1
DESULF| SULF REC| | ATMOS| VACUUM| | COKING| CRACKING| | BOILERS| COGEN
1,000 0.016] | 1.000 0.508] | 0.155 0.845] | 1,000/ 0.000
1.000 0.016] | 1.000 0.508] | 0.154 0.846| | 1.000] ~ 0.000
1.000 0.017] | | 1.000 0.507] | 0.153 0.847| | 1.000]  0.000
1.000 0.018] | | 1.000 0.507] | 0.152 0.848] | 1.000]  0.000
1.000 0019] | [ 1.000 0.488] | 0.152 0.848 | 1.000]  0.000
1.000 0020 | | 1000 0.492] | 0.151 0.849] | 1.000]  0.000
1.000 0.021] | | 1.000 0.490] | 0.150 0.850| | 1.000]  0.000
1.000 0.021] | | 1.000 0.495] | 0.148 0.851] | 1.000]  0.000
1.000 0.022] | | 1.000 0.496] | 0.1489 0.851] | 1.000]  0.000
1.000 0.023] | 1.000 0.495] | 0.148 0.852] | 1.000]  0.000
1.000 0.024] | 1.000 0.499] | 0.147 0.853] | 1.000] 0.000
1.000 0.026] | 1.000 0.502] | 0.146 0.854] | 1,000 _ 0.000
1.000 0.027] | 1.000 0.505] | 0.146 0.854] | 1,000 0.000
1.000 0.028] | 1.000 0.509] | 0.145 0.855] | 1.006]  0.000
1.000 0.029] | 1.000 0.512] | 0.144 0.856] | 1.000]  0.000
1.000 0.030{ | 1.000 0517] | 0.144 0.856| | 1.000]  0.000
1.000 0.032] | 1.000 0.522] | 0.143 0.857| | 1.000]  0.000
1.000 0.033] | 1.000 0.527] | 0.142 0.858] | 1.000] 0.000
1.000 0.035] | 1.000 0.532] | 0.141 0.859] | 1.000]  0.000
1.000 0.036] | 1.000 0.538] | 0.141 0.859] | 1.000]  0.000
1.000 0.038] | 1.000 0.544] | 0.140 0.860] | 1.000]  0.000
|
Figure 4
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Fuel Price Forecast

FUEL 1992 | 1993] 1994] 1995] 1996 | 1997 | 1998 | 1999 | 2000| 2001] 2002] 2003| 2004] 2005 | 2006] 2007 | 2008] 2009] 2010
NAT GAS 307] 817] 327] 336 345 355 366 375 385 395 408] 416 a27] a37] a48] 459 a71| 482 43
PET COKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0
LS RESID 254 267] 279 292| 304] 317] 329] 342 354] 369] 384 398 413] ao28] 438 449] 459 47| 48
HS RESID 254] 267] 279] 292| 304] 317| 329 a42| 354] 369] 384] 398 413] 428 438 449 459 47| 48
DIST OIL 487 491] 495 499 504] 508 512 516 52| 536 552| 568 584 6| 613 626 639 652 665
MOTOR GAS o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LPG 373| 379 384 39 396 402] 408] 414] 42 427] 433] 439 446| 453) 46| 466 473 481 488
STILL GAS 248 253 261 269 277] 28] 29 3| 308] 318] 325/ 333 34 35 359 368 376, 385 394
OOKE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0
HYDROGEN 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
HEAT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COAL 147 15| 153| 156 159 161] 164 167| 17| 172] 174 176 178 18 182] 184 187 189 191
ELECT 1487| 1489 1491| 1493| 1495 1497 1499] 1501 1503 1508] 1515 152 1526| 15.32] 1548 1564] 1579] 15.95] 1611
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CONVEYANC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _1
COMPRESSI 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
AR DISPL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PUMPING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PROCESS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MACH DRIV 0 0 0 0 0 0 0 0 0 0 0 0 o 0 C 0 0 0 0
EMISSIONS ! .
o2 1] 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Figure 5
L) 8 ®
Financial Information
TECH |TECH DEPR. DISC. |RET _[NON- | %/Year | %/Year
NUMB |NAME LIFE | METHOD |RATE |DISC [COST Table 3: MAX SPLIT  |CHANGE Table 4. MIN SPLIT CHANGE
1 DIST ATM ST 0 0] 05 0 0 T 1 0 0 0 0
2 DIST ALQC 0 o] o5 0 0 1 1 0 0 0 0
3 DIST AMSE. 0 0| 05 0 0 1 1 0 0 0 0
4 |DIST ATME H 0 0] 05 0 0 1 1 0 0 0 0
5 DIST SPT SP 0 o] 05 0 0 1 1 0 0 0 0
6 DIST RCP UN 0 0] 05 0 0 1 1 0 0 0 0
7 |DIST VRC UN 0 0| 05 0 0 1 1 0 0 0 0
8 VAC STM STA 0 o] 05 0 0 1 1 0 0 0 0
9 |VAC MECHSTA 0 0] 05 0 0 1 1 0 0 0 0
10___IVACEFF_EF 0 o] 05 0 0 1 1 0 0 0 0
11 VAC HEAVY L 0 o] 05 o 0 1 1 0 0 0 0
12 |COKE VIS CO 0 0/ 05 0 0 1 1 0 0 0 0
13 |COKE SVIS CO 0 0| 05 0 0 1 1 0 0 0 0
14  |DEL COKE DE 0 o] 05 0 0 1 1 0 0 0 0
15 |FLU COKE FL 0 0] 05 0 0 1 1 0 0 0 0
16 |FCC STD STA 0 ol 05 0 0 0.83 0.83 0 0.82 0.82 0
17 |Fcccos FLU 0 o] 05 0 0 0 0 0 0 0 0
18 |FCC TRB FLU 0 o] 05 0 0 0 0 0 0 0 0
19 |FCC EFF EF 0 o] 05 0 0 0 0 0 0 0 0
20 |HCSTDLO S 0 o] 05 0 0 0.07 0.07 0 0.069 0.069 0
21 |HCSTDMD S 0 0| 05 0 0 0.1 0.1 0 0.095 0.095 0
22 |HCSTDHI S 0 0| 05 0 0 0 0 0 0 0 0
23 |HCEFFLO E 0 o] 05 0 0 0 0 0 0 0 0
24 |HCEFFMD E 0 o] o5 0 0 0 0 0 0 0 0
25  |HC EFF HI EF 0 o] 05 0 o 0 0 0 0 0 0
26 |CANMETHI C 0 o] 05 0 0 1 1 0 0 0 0
27 [CANHIEFF C 0 o] 05 0 0 1 1 0 0 0 0
28 |CANMET LOW 0 o] o5 0 0 1 1 0 0 o 0
29 |CANEFFLOEF 0 o] o5 0 0 1 1 0 0 0 0
30 |HYD GOLOS D 0 ol 05 0 0 1 1 0 0 0 0
31 |HYD GOHIS D 0 ol 05 0 0 1 1 0 0 0 0
Figure 6
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TECHNOLOGY CHARACTERIZATION

+  Technology Characteristics Stored in Spreadsheet Files
—  Technology description
— Energy and emissions per unit demand
—  Economic information
* Capital costs
« O & M costs
*  Equipment life

STOCK TURNOVER MODULE

«  Initial stocks constructed to calibrate to base year energy use and
product output

»  These are assumed o be a mix of old and new and retire on
straight line basis

¢ New stock purchases are tracked separately - these retire using a
Weibull distribution

*  Energy use/emissions coefficients times the stock equal energy
use/emissions
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MARKET SHARE MODULE

Technologies compete on the basis of costs
— Annualized capital costs
—  O&M costs
— Fuel costs

Market shares calculated using logit function - with Weibull or
normal distribution

Market share logit functions are parameterized; i.e., penetration
rates ares at the analyst’s discretion

Base Case experience suggests the rule that a 15% cost differential
gives an 80% market share works well

INDUSTRIES COVERED

1. Food Processing - SIC20

*2. Wood Products - SIC24

*3. Pulp and Paper - SIC26

*4  Chemicals - SIC28

*5. Petroleum Refining - SIC29

*6. Stone, Clay and Glass - SIC32

*7. Iron and Steel - SIC331

*8. Other Primary Metals - SIC33 x 6 above

9. Fabricated Metals and Equipment - SICs 34-37
10. Other Manufacturing - All Other Manufacturing
11. Non-Manufacturing Industry - Balancing Sector
*Process flows modeled
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EXAMPLE SCENARIOS

Each module was simulated for each of four scenarios.

1. BASE CASE:  “Reasonable” Output Growth (1-3%/yr)
Energy Prices as per 1994 AEO
Discount Rate at .5 ~ 2-year payback

2. HIGHER NATURAL GAS PRICES: Same as base except:
Natural Gas price was 20% higher

3. LOWER DISCOUNT RATE: Same as Base Except:
Discount Rate at .15 ~ 5-year payback

4. CARBON TAX: Same as Base Case except:

$10/ton Carbon Tax placed on CO,
emissions



ITEMS

Base Case
16,000
14,000 -
12,000 .
o
-
P 10,000 .
<
O 8,000
T
o
v 6,000
e
4,000
2,000
0 ‘ . . .
1991 1996 2001 2006 2011
YEAR
] Other ] Coal
— Natural Gas
il Electricity M oil .

615



ITEMS

616

TRILLION BTUs
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