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POLYURETHANE FOAM SLABSTOCK (FLEXIBLE) VERTICAL PRODUCTION PROCESS

RAW MATERIAL AND UTILITY COST, US ¢/KG

UNIT COST _CONSUMPTION/TON {KG
RAW MATERIALS
CATALYST, T-AMINE 3110¢/KG 0.001 TONNE 31
N-ETHYL MORPHOLINE 5730/KG 0.002 TONNE 115
POLYOL, TRIFUNC POLYETHER 239EKG T 0.66401 TONNE 158.70
SILICONE SURFACTANT 1120 ¢/KG 0.00531 TONNE 595
STANNOUS OCTOATE 2890 ¢/KG 0.00158 TONNE 460
TOLUENE DIISOCYANATE BTG 0,38845 TONNE

GROSS RAWMATERIAL COST

UTILITIES
COOLING WATER 3.28¢M3 2.9208 M3 0.01
ELECTRICITY 7.98 ¢IKWH 134.48 KWH 1.07
TOTAL 1.08
PROCESS SUMMARY

Rectangular flexible foam slabstock is produced in a plant operating 8 hours/day, 240 days/year.

The vertical production process equipment includes metering units and mixhead used in conjunction with a
vertical form tower ta produce either round or rectangular blocks as required. The design capacity of & million
Ibslyr represents formatian of a maximum sized bun with sufficient green sirength far mechanical handling and
cutting after discharge from the form tower. Three raw material feed tanks are required with piping to provide
circulation of feed to avoid settling. Flat plate heat exchangers are included in the circulation loops to condition
these raw matarials for optimum feaming conditions. Additives are metered from additive feed tanks to the
mixhead, The mixhead is a low pressure device with multiple feed inlets. It also has a motor driven stirrer and
circutation lines for all components. Vertical pin conveyors are located on all four sides of a foam block to carry
the foam up the tower, Afier rising a preset length, the foam is cut and swiveled fo a belt conveyor for delivery
fo storage. The foam blocks are held for a maximum of 16 hours prier to possible shipmant to fabricators. A
product warehouse is included to provide 5 days of product storage for additional long-term curing

REFERENCE: PEP Report 10C, P.5:4-5.19 (RMS)

POLYURETHANE FOAM SLABSTOCK (FLEXIBLE) VERTICAL PRODUCTION PROCESS

RAW MATERIAL AND UTILITY COST, US ¢iKG

UNIT COST CONSUMPTION/TONNE ~ ¢/KG
RAW MATERIALS
CATALYST, T-AMINE 2780 ¢IKG 0.001 TONNE 278
N-ETHYL MORPHOLINE 560 ¢/KG 0.002 TONNE 112
POLYQL, TRIFUNC POLYETHER 213¢/KG T 0.66401 TONNE 141.43
SILICONE SURFACTANT 1040 ¢/KG 0.00531 TONNE 552
STANNOUS OCTOATE 2290 ¢IKG 0.001589 TONNE 364
TOLUENE DISOCYANATE 248 ¢/KG 0.38845 TONNE 86.34
GROSS RAW MATERIAL COST 25083
UTILITIES
COOLING WATER 3.25¢/M3 28209 M3 0.01
ELECTRICITY B.26 ¢/KWH 134,48 KWH 111
TOTAL XL
PROCESS SUMMARY

Rectangular flexible foam slabstock s produced in a plant operating 8 hours/day, 240 days/year.

The vertical production process equipment includes metering units and mixhead used in conjunction with a
verfical form tower to produce either round or rectangular blocks as required. The design capacity of 6 million
Ibs/yr represents formation of a maximum sized bun with sufficient green strength for mecharical handling and
eutting after discharge from the form tower. Three raw material feed tanks are required with piping to provide
circulation of feed to avoid settiing. Flat plate heat exchangers are included in the circulation loops to condition
these raw materials for optimum foaming conditions, Additives are metered from additive feed tanks fa the
mixhead. The mixhead is a low pressure device with multiple feed inlats, It also has a motor driven stirrer and
circulation lines for all components. Vertical pin conveyors are located on all four sides of a foam block to carry
the faam up the lower, After rising a preset length, the foam is cut and swiveled 10 a belt conveyor for delivery
to storage, The foam blocks are held for a maximum of 16 hours prior to possible shipment to fabricators. A
product warehause is included to provide 5 days of product starage for additional long-term curing.

REFERENGCE: PEP Report 10C, P.5.4-5,19 (RMS)

SRI CONSULTING
PEP YEARBOOK 2007

LOCATION : GERMANY POLYURETHANE FOAM SLAB

PEP COST INDEX-GERMANY : 616 (1US § = 0.753 euro)

CAPACITY, THOUSAND TONNES/YR 1.36 544
INVESTMENT, US § MILLION
BATTERY LIMITS 361 (043) 487 (0.48) .79
OFF SITES 78 13.03 20.11
TOTAL FIXED CAPITAL 12,40 (0.53) 17.90 (0.59) 26.80
PRODUCTION COSTS, US ¢/KG
RAW MATERIALS 316.07 318.07 316.07
BY PRODUCT CREDITS 0.0¢ 0.00 0.00
UTILITIES 108 _108 _1.08
VARIABLE COSTS 317.15 317.15 317.15
MAINTENANCE MATERIALS 837 4.30 3.00
OPERATING SUPPLIES 1.80 0.50 0.45
OPERATING LABOR ( 0.657/SHIFT) 18.03 8.01 451
MAINTENANCE LABOR 4.25 288 2.00
CONTROL LABORATORY _361 _1.80 _os8p
TOTAL DIRECT COSTS 351.21 338,02 328,01
PLANT OVERHEAD 20,71 10.84 5,83
TAXES AND INSURANCE 18.24 13,18 0.88
DEPRECIATION _81.18 _6581 _49.48
PLANT GATE COST 481.34 42593 393.28
G+A SALES, RES., 10% 7881 6561 57.43
PRODUCTION COSTS
AT 100% CAPACITY 560.15 421,54 450.71
AT 75% CAPACITY 641.29 548.81 495,37
AT 50% CAPACITY 803.58 566.38 584,71
PRODUCT VALUE (COST + 25 %/YR ROl BEFORE TAXES), US ¢/KG
AT 100% CAPACITY 788.08 656.06 574,33
AT 75% CAPACITY 845,21 76917 660.20
AT 50% CAPACITY 1258.45 995.40 831.04
SRI CONSULTING
PEP YEARBOOK 2007
LOCATION : JAPAN POLYURETHANE FOAM SLAB
PEP COST INDEX-JAPAN : 411 (1US § = 120%)
CAPACITY, THOUSAND TONNES/YR 1.35 272
INVESTMENT, US § MILLION
BATTERY LIMITS 3,18 (0.43) 428 (0.48) 5.97
OFF SITES 772 11,42 17.73
TOTAL FIXED CAPITAL 10,90 (0,53) 1570 (0.59) 23.70
PRODUCTION COSTS, US ¢/KG
RAW MATERIALS 60,83 250.83
BY PRODUCT CREDITS 0.00 0.00
UTILITIES 1.12 1.12
VARIABLE COSTS 251.85 251,85
MAINTENANCE MATERIALS 561
OPERATING SUPPLIES 1.57
OPERATING LABOR ( 0.657/SHIFT) 1566
MAINTENANCE LABOR 374
CONTROL LABOGRATORY 313
TOTAL DIRECT COSTS 81,66 268.43 26142
PLANT OVERHEAD 13.52 7.5 3.87
TAXES AND INSURANCE 16.03 11.54 871
DEPRECIATION 8015 57.72 43,57
PLANT GATE COST 191.36 344,84 317.67
G + A, SALES, RES,, 10% 65.75 54.35 47.39
PRODUCTION COSTS
AT 100% CAPACITY 457.11 309,18 364.98
AT 75% CAPACITY 525,65 448,42 402.78
AT 50% CAPACITY 66272 545,88 478.42
PRODUCT VALUE (COST + 25 %/YR ROI BEFORE TAXES), US ¢/KG
AT 100% CAPACITY 657.48 543,49 473,88
AT 75% CAPACITY 792.81 640.82 548.01
AT 50% CAPACITY 1063.46 835.48 696,26
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POLYURETHANE FOAM SLABSTOCK [FLEXIBLE) VERTICAL PRODUCTION PROCESS

RAW MATERIAL AND UTILITY COST, US ¢/KG
1]

RAW MATERIALS

CATALYST, T-AMINE

N-ETHYL MORPHOLINE

POLYOL, TRIFUNC POLYETHER
SILICONE SURFACTANT
STANNOUS OCTOATE
TOLUENE DISOCYANATE
GROSS RAWMATERIAL COST

0.38845 TONNE

UTILITIES
COOLING WATER 287 eM3 3
ELECTRICITY 6.2 ¢/KWH 134,48 KWH
TOTAL
PROCESS SUMMARY
Rectangular fizxible foam slabstock is produced in a plant operating 8 hours/day, 240 days/year
The vertical production process equipme Incly met units and mixhead used in conjuncticn with 8

gesign capacity of 8 mifion

vertical form tower to produce either round of recta gular blocks a5 required.
sy represents formation of 8 maximun: sized bun with sufficient green sirength for mechanical handling and
cutting after discharge from the form lower Three raw material feed tanks ar ih piping lo provide
cinculation of feed to avold sattiing. Flat plate heat exchangers aré included in the ciroulation loops ta conditian
thesa raw materials for optimum foaming condttions, Additives are metered from additive feed tanks o the

The mixhead is a low pressure device with multiple feed inlets. It also has a motar driven stimer and
as for all components. Vertical pin conveyors are located on all four sides of a foam block 1o carry
up the tower. After rising 2 preset length, the foam Is cut and swiveled to a belt conveyor for
1o storage. The foam blocks are held for a maximum of 16 hours prior 1o possible shipment b
product warehouse is included to provide 5 days of product slorage for additional long-term cul

REFERENCE: PEP Report 10C, P.5.4-5.19 (RMS)

SRI CONSULTING
PEP YEARBCOK 2007
LOCATION ;U8 POLYURETHANE FOAM SLAB
PEP COST INDEXJS. : 788

CAPACITY, THOUSAND TONNES/YR 544

INVESTMENT, US § MILLICN

BATTERY LIMITS 3.88 (0.48) 5.43

OFF SITES 1041 16.07
21.50

TOTAL FIXED CAPITAL

PRODUCTION COSTS, US ¢/KG

RAW MATERIALS 0
8Y PRODUCT CREDITS 0.00 0,00
UTILITIES 0.84 084
VARIABLE COSTS 308,84 30984
MAINTENANCE MATERIALS 5.10 343 240
OPERATING SUPPLIES 1.80 0.50 0.45
QPERATING LABOR ( 0,657/SHIFT) 17.99 8.99 450
MAINTENANCE LABOR 340 228 1.60
CONTROL LABORATORY 350 1.80 0.80
TOTAL DIRECT COSTS 17 327,25
PLANT OVERHEAD 19.90 10.48
TAXES AND INSURANCE 14.57 1051
DEPRECIATION 7287 52.57
PLANT GATE COST 449,16 40079
G +A, SALES, RES., 10% 7015 59.14 52.39
PRODUCTION COSTS
AT 100% CAPACITY 459.63
5§10.07
610.3
581.36
§85.31
AT 50% CAPACITY 1083.46 873.22
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POLYURETHANE FOAM SLABSTOCK PRODUCTION
VERTICAL PRODUCTION PROCESS

MAJOR EQUIPMENT

CAPACITY: 6 MILLION LB/YR (2,722 T/YR)
FLEXIBLE FOAM
AT 0.22 STREAM FACTOR

EQUIPMENT
NUMBER NAME SIZE MATERIAL OF CONSTRUCTION REMARKS

REACTORS

HEAT EXCHANGERS AREA HEAT LOAD
(SQFT) (MM BTU/HR)  SHELL TUBES
E-101 POLYETHER COOLER 50 0.12 c.s. c.S
E-102 ISOCYANATE COOLER 26 0.05 c.s, C.S
PACKAGE UNITS
G-101 ADDITIVES METERING 0.8, INCLUDES 25 GALLON FEED TANKS FOR
SILICONE, AMINE, & COLORANTS
G-102 VERTIFOAM MACHINE 7.2FT X 4.2FT c.s. INCLUDES MIXING HEAD, CUT-OFF SAW,
CONTROL PANEL, & EXHAUST DUCTING
G-103 BUN HANDLING UNIT 7.5FT X 13 FT c.s. INCLUDES AUTOMATIC WIDTH CHANGE
AND BLOCK COUNTER
G-104 INCLINED BELT CONVEYOR 7.6FT X 13 FT C.s. POWER BELT ON ROLLER BED
G-105 ROLLER CONVEYOR 7.6FT X 13 FT c.s. ROLLER
G-106 BUN CRANE 500 LB c.s. SELF-PROPELLED ON OVERHEAD RAILS;
NOT SHOWN ON FLOW DIAGRAM
G-107 VENTILATION FANS C.S8. 2 EXHAUST FANS, 8000 CFM EACH;
NOT SHOWN ON FLOW DIAGRAM
PRESSURE VESSELS VOLUME (GAL)
V-101 POLYETHER FEED TANK 2,500 EPOXY LINED
V=102 ISOCYANATE FEED TANK 1,200 EPOXY LINED
V=103 FREON FEED TANK 450 C.S.
V-104 PROCESS WATER FEED TANK 450 C.S.
TANKS VOLUME (GAL)
T-101A,B POLYETHER STORAGE 6,500 EA EPOXY LINED INCLUDES HEATING COIL
T-102 ISOCYANATE STORAGE 6,000 EPOXY LINED INCLUDES HEATING COIL
T-103 FREON STORAGE 2,000 C.S.
BUILDINGS
PROCESS BUILDING 4,200 FT?
OFFICE BUILDING 1,600 FT2
(INC'L CONTROL LAB)
WAREHOUSE 27,000 FT2
PUMPS
SECTION OPERATING SPARES OPERATING BHP
100 15 8 1
P
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POLYURETHANE FOAM SLABSTOCK PRODUCTION
VERTICAL SLABSTOCK PRODUCTION
PROCESS BUILDING PLOT PLAN
Capacity: 6 million Ib/yr (2722 t/yr)
V-103 V-101 V-102
Freon Polyether Isocyanate
Feed Tank Feed Tank Feed Tank
O E-101 E-102
T-101A&B Polyether Isocyanate
Polysther Cooler Cooler
Storage V-104
Process Water
: Feed Tank
T-102 G-103 G-104 G-105
Isocyanate Bun Inclined Roller
Storage Handling Belt Conveyor
G',wz Unit Conveyor
Vertifoam
O Machine
T-103 G-101
Freon Storage Additives
Mslering
Unit
NOTE: Drawing not to scale.
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Figure 5.3
POLYURETHANE FOAM SLABSTOCK PRODUCTION
VERTICAL PRODUCTION PROCESS
BLOCK HANDLING SYSTEM
Capacity: 6 million Ib/yr (2722 t/yr)
Upper Pin
Conveyors
~ Tilting Belt
Conveyor
Culoff  F T Tt Lo 7
Saw Level H
N )
NG PN
\ \ Film Roll Inclined Belt }
\\ * ‘ Gulde Conveyor
N
% T
Lower Pin N \F\‘\ Lowor Pin Flo{i}r
Conveyor \- * + Conveyor Area
1
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I Fllm Rewind

| _—— Flim Feed
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Combined
Raw Materials
(From Mixhead)

VWAV [0 e W il Saie sz ,b Slesis (woSal Slalhs
(0+) axino a9 5 Coglan = S el (2o A=>lg LR R PERIP e




