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EXECUTIVE SUMMARY 

This report is a result of an additional study made of the economic 
feasibility of producing substitute natural gas (SNG) from wood via 
catalytic gasification with steam. The report has as its basis the 
original 2000 tons of wood. per day study .. generated from process develop­
ment unit testing performed by the Pacific Northwest Laboratory. 
The goal of this additional work was to determine the feasibility of a 
smaller scale plant one-tenth the size of the original or 200 tons of 
dry wood feed per day. 

Plant production based on this wood feed is 2.16 MM Scfd of SNG with a 
HHV of 956 Btu per Scf. All process and support facilities necessary 
to convert wood to SNG are included in this study. The plant location 
is Newport, Oregon. 

The capital cost for the plant is $26,680,000 - September, 1980 basis. 
Gas production costs which allow for return on capital have been calculated 
for various wood prices for both utility and private investor financing. 
These wood prices represent the cost of unchipped wood delivered to the 
plant site. For utility financing, the gas production costs are respectively 
$14.34, $14.83, $15.86, and $17.84 per MM Btu for wood costs of $5, $10, $20, 
and $40 per dry ton. For private investor financing, the corresponding 
product costs are $18.76, $19.26, $20.28, and $22.31 per MM Btu for the 
corresponding wood costs. The costs calculated by the utility financing 
method inc~udes a return on equity of 15% and an interest rate of 10% 
on the debt. The private investor financing method, which is 100% equity 
financing, incorporates a discounted cash flow (DCF) return on equity of 12%. 

The thermal efficiency without taking an energy credit for char is 57.4%. 
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II. 

A. 

INTRODUCTION AND CONCLUSIONS 

INTRODUCTION 

The purpose of this study is to determine the feasibility of producing 
synthetic natural gas (SNG) in a small-scale commercial plant, utilizing 
the catalytic gasification of wood and forest residue with steam. The 
plant is designed to process 200 tons per day of dry feedstock. The study 
is an extension of an earlier study based on a larger plant to process 
2000 tons per day of dry feedstock. All necessary process and support 
facilities needed to convert forest residue to SNG are included in this 
work. The plant location is Newport, Oregon. 

This report contains both the technical and economic results of this 
study. The technical information includes: (1) a process summary, (2) 
layout drawings of the wood preparation, (3) a flow schematic for wood 
storage and drying, (4) a single line equipment list, (5) a four line 
equipment list for the areas of wood preparation, wood drying, gasifi­
cation, and catalyst regeneration, (6) a detailed drawing of the gasifier, 
and (7) a summary of process materials and utilities. The economic informa­
tion includes: (1) a capital cost estimate, and (2) product cost estimates 
using both utility and private investor financing. 

B. BASIS OF DESIGN 

C. 

The original 2000 ton per day study, which serves as the foundation for 
this additional work, was based on data from the Pacific Northwest Labor­
atory process development unit, operated by Battelle. The data provided 
included gasifier operating conditions such as temperature, pressure, char 
and gas yield, size and throughput, and feedstock conditions. From this 
information an overall processing scheme was developed. 

The design basis and basic assumptions for this study are essentially the 
same as in the original. The only significant deviation in the process 
scheme is that wood being delivered to the plant is now assumed to be 
unchipped, whereas the original study assumed wood would be delivered in 
a chipped form. New detailed designs and estimates were made for the areas 
of wood handling, wood drying, gasification, and catalyst regeneration. The 
costs of the remaining areas were obtained by selectively.factoring the costs 
from the larger plant. 

SUMMARY 

Production costs for SNG from wood were calculated according to both utility 
financing and private investor financing methods. These costs were calculated 
for a base case of $20 per dry ton, with costs also calculated for prices of 
$5, $10, and $40 per dry ton. This price is for wood delivered to the plant 
unchipped and with a moisture content of 49.5 wt.%. For utility financing 
the production costs are $14.34, $14.83, $15.86, and $17.84 per MM Btu for 
wood prices $5, $10, $20, and $40 per dry ton respectively. For private 
investor financing and the same wood prices, the corresponding production 
costs are $18.76, $19.26, $20.28, and $22.31 per MM Btu. Both financial 
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?UMMARY - (Continued) 

calculation methods included a return on equity -- a rate of 15% for 
the utility method and a DCF rate of 12% for the private investor method. 
The capital cost of the plant is $26,680,000 - September, 1980 basis. 

The thermal efficiency of the plant, as defined by the following equation, 
is 57.4%. When the heating value of the excess char is included in the 
output, the thermal efficiency is 63.8%. " 

Efficiency, % = SNG, HHV ( 100) 
Wood, HHV + Electricity + Diesel Fuel 

The plant production is 6.81 x 1011 Btu per year. The yield is 10,790 Scf 
per ton of dry wood feed. 
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A. PROCESS AND OFFSITE DESCRIPTIONS 

General 

The process plant camp 1 ex descri bed in the fa 11 owi ng sections is 
capable of producing 2.1 million cubic feet per day (MMSCFD) of 
subst i tute natural gas from 200 tons per day of dry wood. The 
feedstock to the plant will consist primarily of forest residues of 
various species from logging operations within a 100 mile radius of 
Newport, Oregon. The wood is reacted with steam in the presence of 
a Ni catalyst in a fluid bed gasifier. The raw gas produced is 
methanated to produce a substitute natural gas. The following are 
the major process and offsite units of this plant. 

Plant Areas 

401 Wood Storage 
402 Wood Drying 
403 Gasification 
404 Compression 
405 Shift Conversion 
406 Primary Methanation 
407 Acid Gas Removal 
408 Final Methanation and Product Gas Drying 
409 Catalyst Regeneration 
410 Wastewater Treating 
411 Raw Water Treating and Cooling Water 
412 Boilers and Boiler Feedwater System 
413 Miscellaneous Utility Systems 

Summary 

Forest residue which has been delivered to the plant by truck is 
chipped and stored in open piles. The chips are reclaimed automat-
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i ca lly and dri ed to 10% moi sture content in rotary drum dryers. 

From drying, the chips are transferred to fluid bed gasifiers and 

partially gasified with steam in the presence of a Ni catalyst. In 

the reacting bed are tubes through which flow hot combustion gases 

which supply heat to the reactants. Products of gasification are a 

raw gas containing methane, carbon dioxide, hydrogen, carbon monox­

ide, and steam and a char residue. The char is used as fuel to 

supply heat to the gasifier, to dry the wood, and to generate steam 

ina boil er. 

The gas is compressed and then shifted to adjust the ratio of 

hydrogen, carbon monoxide, and carbon dioxide. The gas is then 

reacted in the primary methanator to reduce substantially the 

concent rat i on of hydrogen and carbon monoxide. The gas is coo 1 ed 

and aport ion is recycl ed to the inlet of the methanator to be 

combined with gas from the shift area. The remainder of the gas 

goes to a Benfield system for carbon dioxide removal. After removal 

of the carbon dioxide, the gases flow to the final methanator in 

which the carbon monoxide content is reduced to less than 0.1%. 

The product gas is then compressed to 1015 psia, dried in an eth­

ylene glycol system, and delivered to battery limits. 

Cooling tower water is used for process cooling. Steam is generated 

from waste heat sources and by combusti on of char. Excess char 

will be stored for shipment from the plant. Raw water is available 

at plant battery limits and requires clarification before use in 

the cooling tower and demineralization before use as boiler feed­

water. A 11 wastewater streams wi 11 be treated before di scharge, 

the treatment to consist of neutralization followed by biological 

treatment. 
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Detailed Description of Wood Handling Areas 

The forest residue is delivered to the plant site by self unloading trucks. 
Trucks entering and leaving the unloading area are weighed on the truck scale. 
The 200 ft. long by 50 ft. wide unloading area permits a maximum unloadinQ rate 
of 120 TPH, which represents 15 to 20 trucks per hour depending on the bulk 
dens i ty 0 f each load. Two of fou r grapples each mounted on an overh ea d 50 ft. • 

span crane transfer the forest residue within the unloading area on two of the 
three chain feeders each serving one 60 TPH capacity stationary chipper. 
Two chippers will be normally operating, reducing the forest residue as it 
arrives to the 1/211 chips. The installation of the third chipper will permit 
changing of the knifes and so ensure continuous operation of the two chippers. 

Each chipper, when operating, will blow the chips into a common collecting 
hopper which will feed the chips onto a tripper/stacker belt conveyor. The 
tripper/stacker conveyor delivers the chips to one of the two (2) storage piles 
via a double wing stacker. Each pile is limited to approximately 40 ft. high, as 
some bark and fines are supplied along with the 1/2" chips. The stacker builds 
25 days capacity storage and any enlargement of the storage will be done by one 
(1) bulldozer spreading the piles. 

Each of the two (2) storage piles is 1,000 ft. long and 80 ft. wide for 25 days 
capacity, with possible enlargement to 160 ft. width and 75 days capacity. 

The reclaiming of chips from the storage is carried out by 10 chain reclaimers 
(8 ft. wide), five for each pile. Each reclaimer has a capacity of 20 TPH 
which represents the total required reclaiming rate based on 24 hrs/day, 7 days/ 
week. The bulldozer is used to push chips toward reclaimers 'flhen needed. Two 
reclaiming belt conveyors, one for each pile, collect chips from the respective 
chain reclaimers and deliver them to the screening station. 

The screening station consists of equipw~nt for rock and tramp iron removal and 
for rechipping of oversize chips. 
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Detailed Description of Wood Handling Areas - (Continued) 

The chips from the screening station are conveyed by conveyor to the surge bin 
for the dryer. 

One (1) rotary drum dryer complete with a burner, ash removal cyclone, exhaust 
dust cyclone, ducting, and all necessary appurtenances is installed to reduce 
the moisture content of green chips from 50 wt.% of total feed to 10%. The by­
product char from the gasifier is used to fuel the burners for the dryers. 

Dried chips are conveyed from the dryer to a collecting hopper of ten hours 
capacity. The chip inventory of this hopper allows necessary maintenance of 
the dryer. The chips from this hopper are conveyed to the gasifier lock hopper 
systems. 
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B. FLOWSHEET FOR WOOD PREPARATION AREA 

A flowsheet showing the major equipment in the wood preparation area 
has been prepared and is shown on drawing number S471-F-0401 which 
follows. 
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C. LAYOUT DRAWING FOR WOOD PREPARATION AREA 

The following drawing, number S471-A-0401. is a proposed layout 
of the wood preparation area and shows the relative arrangement 
of all the major pieces of equipment. 
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D. DETAILED DRAWING FOR GASIFIER 

A detailed drawing of the gasifier, equipment item number 303-2201, 
follows this page and is labeled drawing number S471-V-0401. 
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E. SINGLE LINE EQUIPMENT LIST 

The following pages list each major piece of equipment by area. 
The equipment number is shown along with the quantity required. 
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WOOD STORAGE - AREA 401 

NUMBER 
ITEM NO. REQUIRED DESCRIPTION 

401-1001 2 + 1 Chippers 
401-1002 1 Rechipper 
401-1003 2 Hand Saws 
401-1401 1 Tramp Iron Separator 
401-1402 2 Screens 
401-1801 1 Truck Weigh Scale 
401-1802 1 Belt Weigh Scale 
401-1901 4 Cranes 
401-1902 4 Grapples 
401-2101 3 Feeders to Chippers 
401-2102 1 Storage Stacker Conveyor 
401-2103 10 Chip Reclaimer 
401-2104 2 Reclaim Conveyor 
401-2105 1 Collecting Conveyor 
401-2106 1 Oversize Conveyor 
401-2107 1 Trash Conveyor 
401-2108 1 Screen Delivery Conveyor 
401-2301 1 Collecting Hopper 
401-3901 1 Bulldozer 
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WOOD DRYING - AREA 402 

NUMBER 
ITEM NO. REQUIRED DESCRIPTION 

402-1601 1 Wood Dryer Unit 
402-1801 1 Dried Chip Feeder 
402-1802 1 Belt Weigh Scale 
402-2101 1 Dried Wood to Storage 

Conveyor 
402-2102 1 Storage to Gasifier 

Conveyor 
402-2301 1 Dry Chips Silo 
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ITEM NO. 

403-1101 

403-1301 

403-1401 
403-1402 

403-1501 

403-1601 
403-1602 
403-1603 
403-1604 
403-1605 
403-1606 

403-1701 
403-1702 
403-1703 
403-1704 

403-2101 
403-2102 

403-2103 
403-2104 
403-2105 

GASIFICATION - AREA 403 

NUMBER 
REQUIRED 

1 + 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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DESCRIPTION 

Ash Slurry Pump 

Combustion Air Blower 

Char-Catalyst Screen 
Magnetic Separator 

Gasifier Heater 

HT Steam Superheater 
Steam Superheater 

Gasifier WH Boiler 
Gasifier Heater WH Boiler 
BFW Heater 
Combustion Air Preheater 

Cyclone 
Raw Gas Bag Filter 
Ventilation Bag Filter 
Heater Dust Collector 

Char Overflow Feeder 
Waste Heat Boile~ Discharge Feeder 

Cyclone Discharge Feeder 
Bag Filter Discharge Feeder 
Ventilation Collector Discharge 
Feeder 



NUMBER 
ITEM NO. REQUIRED DESCRIPTION 

403-2106 1 Heater Collector Discharge Feeder 

403-2201 1 Gasifier 
. 403-2202 1 Steam Drum 
403-2203 1 BD Flash Drum 

403-2301 1 Char Surge Hopper 
403-2302 1 Catalyst Hopper 
403-2303 1 Char Storage Bin 
403-2304 1 Wood Storage Bin 
403-2305 1 Ash Slurry Tank 
403-2501 1 Char-Catalyst Lock Hopper Assembly 
403-2502 2 Wood Feed Lock Hopper Assembly 
403-2503 1 Catalyst Feed Lock Hopper Assembly 
403-2504 1 Char Catalyst Screen Feed Conveyor 
403-2505 1 Spent Catalyst to Storage Conveyor 
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EQUIPMENT 
NUMBER 

404-1301 

404-1602 

404-2201 

NUMBER 
REQUIRED 

1 

1 

1 

COMPRESSION - AREA 404 

DESCRIPTION 

Booster Compressor 

Booster Compressor Bypass Cooler 

Booster Compressor Feed K.O. Drum 
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SATURATION AND SHIFT CONVERSION - AREA 405 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

405-1101 1 + 1 Saturator Circulating Pump 
405-1102 1 + 1 Process Gas Condensate Pump 

405-1501 1 Start-up Shift Gas Heater 

405-1601 1 Gas-Gas Exchanger 
405-1602 1 Saturator Water/Gas Exchanger 
405-1603 1 Methanator Feed Gas Reheater 
405-1604 1 Demineralized Water Heater 
405-1605 1 Trim Gas Cooler 
405-1606 1 Process Gas Condensate Cooler 

405-2201 1 Saturator 
405-2202 1 Process Gas K.O. Drum No. 1 
405-2203 1 Process Gas K.O. Drum No. 2 
405-2204 1 Process Gas K.O. Drum No. 3 
405-2205 1 High Temperature Shift Reactor 
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PRIMARY METHANATION- AREA 406 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

406-1301 1 Circulator 

406-1601 1 Methanator Feed Gas Heater 
406-1602 1 Saturator Water/Methanator Gas Exchanger 

406-2201 1 Primar'Y Methanation Reactor 
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EQUIPMENT 
NUMBER 

407-2501 

NUMBER 
REQUIRED 

1 

ACID GAS REMOVAL - AREA 407 

DESCRIPTION 

Benfield Acid Gas Removal System 
Includes the following major equipment: 

II I -25 

Absorber 
Regenerator 
Flash Tank 
Feed Gas Separator 
Acid Gas Separator 
Solution Pump 
Reflux Pump 
K2C03 Reboiler 
Acid Gas Condenser 



FINAL METHANATION AND DRYING - AREA 408 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

408-1301 1 Product Gas Compressor 

408-1601 1 Final Methanator Preheater 
408-1602 1 Product Gas Cooler 
408-1603 1 Interstage Cooler 
408-1604 1 Compressor Discharge Cooler 

408-2201 1 Final Methanator 
408-2202 1 Pdt. Gas Condensate K.O. Drum 
408-2203 1 Compressor Intercooler K.O. Drum 
408-2204 1 Compressor Discharge K.O. Drum 

408-2501 1 Product Gas Drying Package 
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EQUIPMENT 
NUMBER 

409-1301 

409-1601 

409-1602 

409-1603 

409-1604 

409-1701 

409-2201 

409-2202 

409-2203 

409-2204 

409-2301 

409-2302 

409-2501 
409-2502 

409-2503 

NUMBER 
REQUIRED 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CATALYST REGENERATION - AREA 409 

DESCRIPTION 

Inert Gas Compressor 

Compressor Suction Inert Gas Cooler 
Compressor Discharge Inert Gas Cooler 
Inert Gas Heater 
Inert Gas Exhaust Cooler 

Inert Gas Vent Baghouse 

Regenerator #1 
Regenerator #2 
Compressor Suction Knock-out Drum 
Aftercooler Knock-out Drum 

Spent Catalyst Storage 
Regenerated Catalyst Storage 

Spent Catalyst Conveyor 
Stored Catalyst Conveyor (to Regenerator) 
Regenerator Catalyst Conveyor (to Storage) 
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WASTEWATER TREATMENT - AREA 410 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

410-1101 1 + 1 Neutralizing Basin Circulation Pump 
410-1102 1 + 1 Boiler Ash Wash Pump 
410-1103 1 + 1 Lime Solution Pump 
410-1104 1 + 1 Boiler Ash Sludge Pump 
410-1105 1 + 1 Biological Sludge Pump 

410-1201 1 Lime Solution Tank Agitator 

410-1301 1 Lime Conveying Blower 

410-1701 1 Lime Storage Hopper Bag Filter 

410-2101 1 Lime Rotary Feeder 

410-2301 1 Neutralizing Basin 
410-2302 3 Sludge Lagoons 
410-2303 1 Boiler Ash Slurry Settling Basin 
410-2304 1 Lime Storage Hopper 
410-2305 1 Lime Solution Tank 

410-2501 1 Biological Treating Package 
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RAW WATER TREATING AND COOLING WATER - AREA 411 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

411-1101 1 + 1 Firewater Pump 
411-1102 1 + 1 Firewater Jockey Pump 
411-1103 1 + 1 Raw Water Feed Pump 
411-1104 1 + 1 Sand Filter Pressure Pump 
411-1105 1 + 1 HP Oemin. Water Pump 
411-1106 1 + 1 Potable Water Pump 
411-1107 1 + 1 Cooling Tower Circulation Pumps 
411-1108 1 + 1 Oemin. Water Pump 

411-1401 1 Sand Fi lter 
411-1402 1 Cooling Tower Sidestream Filter 
411-1403 1 Activated Carbon Filter 
411-1404 1 Raw Water Clarifier 

411-1601 1 Cooling Tower 

411-2301 1 Oemin. Water Storage Tank 
411-2302 1 Potable Water Storage Tank 
411-2303 1 Raw Water Settling Basin 
411-2304 1 BFW Cl earwe 11 

411-2501 1 Water Treatment Chemical Feed Package 
411-2502 1 Oemin. Water Package 
411-2503 1 Cooling Tower Chemical Injection Package 
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BOILER AND BOILER FEEDWATER SYSTEM - AREA 412 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

412-1101 1 + 1 BFW Pump 

412-1701 1 Boiler Char Collector 

412-2201 1 Boiler Blowdown Flash Drum 
412-2202 1 Deaerator 

412-2301 1 Char Bunker 
412-2302 1 Ash Slurry Tank 
412-2303 1 Char Storage Bins 
412-2304 1 Dryer Char Storage Bins 

412-2501 1 Char/Gas Fired Boiler 
412-2502 1 BFW Chemical Injection Package 
412-2503 1 Char Conveying to Storage 
412-2504 1 Char Conveying to Boiler 
412-2505 1 Char Loadout Conveying 
412-2506 1 Char Conveying to Dryer 
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MISCELLANEOUS UTILITIES - AREA 413 

EQUIPMENT NUMBER 
NUMBER REQUIRED DESCRIPTION 

413-1101 1 Carbonate Charging Pump 

413-1301 1 CO 2 Compressor 

413-1501 1 Flare Stack 

413-1601 1 CO2 Aftercoo 1 er 

413-2201 1 CO2 Surge Drum 
413-2202 1 CO2 Aftercooler K.O. Drum 

413-2301 1 Diesel Fuel Tank 
413-2302 1 Carbonate Storage Tank 

413-2501 1 Instrument Air Package 
413-2502 1 CO2 Drying System 
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~ Detailed Equipment List 

A four line equipment list by plant area is given for the areas of wood 
receiving and storage, wood drying, catalyst regeneration, and gasifica­
tion with the following legend applying. 

T Type 
C Capacity 
S Size 
M Material 
0 Driver 
A Area 
Des PIT Design Pressure/Temperature 

1. Wood Storage - Area 401 

Equipment 
Number 

401-1001 

401-1002 

401-1003 

Number 
Required 

3 

1 

2 
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Description 

Chippers 
T - Drum chipper 
C - 60 TPH 
D - 500 ~ 

Rechipper 
T - Drum chipper 
C - 4 tons/hr 

Hand Saws 
T - Chain Saw 
S - Bar 19" to 43" 
D - Gasoline Engine 



Equipment 
Number 

401-1401 

401-1402 

401-1801 

401-1802 

401-1901 

401-1902 

401-2101 

Number 
Reguired 

1 

2 

1 

1 

4 

4 

3 
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Description 

Tramp Iron Separator 
T - Magnetic 

Screens 
T - Vibrating 
S - 3 1 X 8 1 

Weigh Scale 
T - Truck 
C - 50 tons 

Weigh Scale 
T - 3D" Belt 
C - 150 TPH Max. 

Cranes 
T - Overhead 
C - 10 Tons 
D - 15 hp, 5 hp, 30 hp 

Grapples 
T - 5 Tine 
C - 3/4 Cord @ 41 LG. 

Feeders to Chippers 
T - Chain 
S - 40 11 W X 18 1 LG 
C - 60 TPH 
M - CS 
Drive - Direct Mechanical 
From Chipper 



Equipment Number 
Number Reguired Description 

401-2102 1 Storage Stacker Conve~or 
T - Belt w/tripper 
S - 30" w X 1,000' w/125' stacker 

boom 
C - 12,000 ft3/hr 
M - CS 
D - 20 hp, 20 hp, 2 - 5 hp 

401-2103 10 Chip Reclaimers 
T - Chain 
S - 8' x 60' ctrs. x 10' 1 ift 
C - 2,000 ft3/hr 
M - CS 
o - 30 hp 

401-2104 2 Reclaim Conve~ors 
T - Belt 
S - 24" w. x 900' 
C - 2,000 ft3/hr 
M - CS 
o - 15 hp 

401-2105 1 Coll ect i ng Convez:or 
T - Belt 
S - 24" w x 40' 
C - 2,000 ft3/hr 
M - CS 
D - 3 hp 

401-2106 1 Oversize Conve~or 
T - Belt 
C - 400 ft3/hr 
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Equipment 
Number 

401-2107 

401-2108 

401-2301 

401-3901 

Number 
Reguired 

1 

1 

1 

1 

2. Wood Drying - Area 402 

402-1601 1 

402-1801 1 
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Description 

Trash Conveyor 
T - Belt 

Screen Delivery Conveyor 
T - Belt 
S - 2411 W X 400 1 ctrs. x 20 1 

1 ift 
C - 2,000 ft3/hr 
M - CS 
D - 2 hp 

Collecting Hopper 
T - Belt Feed 
S - 81 - 8 1 plan 
M - CS 

Bulldozer 
T - Caterpillar D7G 

Wood Dryer Unit 
T - Rotary Drum 
S - 10' 0 X 3D' 
C - 480 ton/day of wood from 50% 

to 10% H20 

M - CS 

Dried Chip Feeder 
T - Rotary table 
S - 17' 0 
C - 1,700 ft3/ hr 

M - CS 
D - 5 hp 



Equipment Number 
Number Required Description 

402-1802 1 Weigh Scale 
T - 24" Belt 
C - 25 tph Max. 

402-2101 1 Dried Wood To Storage 
Conve~or 

T - Belt 
S - 2411 IN X 400 1 

C - 2,000 ft3/hr 

M - CS 
D - 50 hp 

402-2102 1 Storage to Gasifier Conve~or 

T - Belt 
S - 2411 IN X 1,000 1 X 125 1 1 i ft 
C - 1,700 ft3/hr 

M - CS 
D - 100 hp 

402-2301 1 Silo 
T - Concrete 
C - 20, 000 ft 3 
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3. Gasification - Area 403 

Equipment 
Number 

403-1101 

403-1301 

403-1402 

403-1501 

403-1601 

403-1602 

403-1603 

Number 
Regui red 

1 

1 

1 

1 

1 

1 

1 
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Description 

Ash Slurry Pump 
T - Vertical Centrifugal 
C - 10 gpm @ 50 psi.AP 
M - 304 SS 
o - 1 hp Electric Motor 

Combustion Air Blower 
T - Centrifugal 
C - 5500 Scfm @ 60°F and 5 psi ~ P 
M - C.S. 
o - 150 hp 

Magnetic Separator 
T - Induced Magnetic Roll Separator 
C - 2 ton/hr of Char-Catalyst 
5 - 10" wide roll 

r,asifier Heater 
T - Forced, Draft Gombustion Chamber 
C - 10 MM Btu/hr Heat Release w/Char 

Combustion 

HT Steam Superheater 
T - Shell ~ Tube 
A - 190 ft (0.6 MM Btu/hr) 
M - Shell - C.S., Refractory-Lined; 

Tubes, 310 SS 0 
Des PIT - Shell-IS psig/650 Fo 

Tubes-675 psig/1100 F 

Steam Superheater 
T - Shell & Tube 
A - 60 ft2 (1.0 MM Btu/hr) 
M - Shell - C.S., Refractory-Lined; 

Tubes - C.S. 
Des PIT - Shell-160 pSig/6S0oF 

Tubes-675 psig/8250F 

Gasifier WH Boiler 
T - Shell & Tube 
A - 230 ft2 (2.6 MM Btu/hr) 
M - Shell, C.S., Refractory-Lined; 

Tubes, C.S. 
Des PIT - Shell, 180 psig/650oF 

Tubes, 675 psig/550oF 



Equipment 
Number 

403-1604 

403-1605 

403-1606 

403-1701 

403-1702 

Number 
Regui red 

1 

1 

1 

1 

1 
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Description 

Gasifier Heater WH Boiler 
T - Shell ~ Tube 
A - 150 ft2 (2.9 MM Btu/hr) 
M - Shell, C.S., Refractory-Lined; 

Tubes, C.S. 
Des PIT - Shell, 15 psig/6500g 

Tubes, 675 psig/550 F 

BFW Heater 
T - Shell & Tube 
A - 300 ft2 (2.1 MM Btu/hr) 
M - C.S. ° 
Des PIT - Shell, 160 psig/6500F 

Tubes, 675 psig/550 F 

Combustion Air Preheater 

T - Shell &2Tube 
A - 2600 ft 
M - Shell, C.S., Refractory-Lined; 

Tubes, C.S. 
Des PIT - Shell, 15 pSig/6500F 

Tubes, 15 pSig/5500F 

Cyclone 
T - Centri fuga 1 
C - 800 Acfm @ 150 psia, 350°F 
S - 21 ~ 
M - C.S. 
Des PIT - 160 pSig/6500F 

Raw Gas Bag Filter 
T - Bag Filter 
C - 800 Acfm @ 150 psig, 350°F 
M - C.S. ° 
Des PIT - 160 psig/400 F 



Equipment 
Number 

403-1703 

403-1704 

403-2101 

403-2102 

403-2103 

403-2104 

403-2105 

Number 
Required 

1 

1 

1 

1 

1 

1 

1 
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Description 

Ventilation Bag Filter 

T - Bag Fil ter 
C - 500 Acfm 
M - c.s. w/Nomex ~ags 
Des PIT - ATM/350 F 

Heater Dust Collector 
T - Bag Filter 
C - 7,500 Acfm 
M - C.S. w/Nomex Bags 
Des PIT - ATM/3500 F 

Char Overflow Feeder 
T - Rotary Valve 
C - 2 T/hr 
M - C.S. 
o - 1 hp Electric Motor 

Waste Heat Boiler Discharge Feeder 
T - Rotary Valve 
C - 2 T/hr 
M - C.S. 
o - 1 hp Electric Motor 

Cyclone Discharge Feeder 
T - Rotary Valve 
C - 2 T/hr 
M - C.S. 
o - 1 hp Electric Motor 

Bag Filter Discharge Feeder 
T - Rotary Valve 
C - 2 T/hr 
M - C.S. 
o - 1 hp Electric Motor 

Ventilation Collector Discharge Feeder 
T - Rotary 
C - 1 ton/hr 
M - C.S. 
o - 1 hp 



Equipment 
Number 

403-2106 

403-2201 

403-2202 

403-2203 

403-2301 

403-2302 

403-2303 

Number 
Required 

1 

1 

1 

1 

1 

1 

1 
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Description 

Heater Collector Discharge Feeder 
T - Rotary 
C - 1 ton/hr 
M - C.S. 
D - 1 hp 

Gasifier 
T - Cylindrical Vessel 
S - 9 1 I. 0 X 35 1 T-T 
M - C.S., Refractory-L~ned 
Des PIT - 175 psia/650 F 

Steam Drum 
T - Horizontal 
S - 3 1 X 6 1 T-T 
M - C.S. 
Des PIT - 675 psi a/550°F 

BO Flash Drum 
T - Vertical 
S - 6" 91 X 3 1 T-T 
M - C.S. 
Des PIT - 75 psig/350oF 

Char Surge Hopper 
T - Cylindrical Bin w/60o Conical Bottom 
S - 61 0 X 141 total 
M - C.S. 
Des PIT - ATM/400oF 

Catalyst Hopper 
T - Cylindrical Bin w/60o Conical Bottbm-­
S - 116" 0 x 41 Straight Sides 
M - C.S. 
Des PIT - 15 psig/400oF 

Char Storage Bin 
T - Cylindrical Bin w/60oF Conical Bottom 
S - 141 ~ X 241 Straight Sides 
M - C.S. 
Des/PT - ATM/400oF 



Equipment 
Number 

403-2304 

403-2305 

403-2501 

403-2502 

403-2503 

403-2504 

403-2505 

Number 
Reguired 

1 

1 

1 

2 

1 

1 

1 
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Description 

Wood Storage Bin 
T - Cylindrical Bin w/Conical Bottom 
S - 10' 0 X 10' Straight Sides 
M - C.S. 
Des PIT - ATM/1500 F 

Ash Slurry Tank 
T - Open-Top 
S - 3' 0 X 3' 
M - C.S. 
Des PIT - ATM/200oF 

Char Catalyst Lock Hopper Assembly 
T - Double3Chamber Lock Hopper Assembly 
C - 450 ft /hr of Char-Catalyst 

from 150 psig to ATM 

Wood Feed Lock Hopper Assembly 
T - Double-Chamber Lock Hopper Assembly 
C - 2000 ft3/hr of Wood from ATM 

to 150 psia 

Catalyst Feed Lock Hopper Assembly 
T - Doub~e-Chamber Lock Hopper Assembly 
C - 6 ft /hr of Catalyst from ATM 

to 150 psia 

Char Catalyst Screen Feed Conveyor 
T - Pneumatic 
C - 500 ft 3/hr 
S - 20' x 100' Lift 

Spent Catalyst to Storage Conveyor 
T - Pneu~atic 
C - 2 ft /hr 
5 - 60' X 30' Lift 



4. Catal~st Regeneration - Area 409 

Equipment 
Number 

409-1301 

409-1601 

409-1602 

409-1603 

409-1604 

409-1701 

409-2201 

Number 
Required 

2 

1 

1 

1 

1 

1 

1 
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Description 

Inert Gas Compressor 
T - Centrifugal 
C - 250 Scfm @ 20 psi ~ P 
M - C.S. w/304 SS Inlet Wheel 
D - 25 hp 

Compressor Suction Inert Gas Cooler 

T - Shell 2 Tube 
A - 290 ft 
M - Shell, C.S.; Tubes,304 SS 
Des PIT - Shell, 75 psig/150oF 

Tubes, 50 psig/2500F 

Compressor Discharge Inert Gas Cooler 

X = i~e~i2& Tube 
M - Shell, C.S.; Tubes, 304 SS 
Des PIT - Shell, 75 psig/150gF 

Tubes, 50 psig/400 F 

Inert Gas Heater 

T - Shel~ & Tube 
A - 5 ft 
M - C.S. 
Des PIT - Shell, 50 pSig/5500F 

Tubes, 650 psig/550oF 

Inert Exhaust Cooler 

X = ~h~i~ & Tube 
M - C.S. 
Des PIT - Shell 50 PSig/550~F 

Tubes 75 psig/I50 F 

Inert Gas Vent Baghouse 

T - Bag Filter 
C - 150 Acfm 
M - C.S. w/Nomex §ags 
Des PIT - ATM/350 F 

Regenerator No.1 
T - Cylindrical, Conical btm 
S - 41 0 X 81 Straight Sides 
M - C.S., Refractory Li8ed 
Des PIT - 200 psia/I200 F 



Equipment 
Number 

409-2202 

409-2203 

409-2204 

409-2301 

409-2302 

409-2501 

409-2502 

409-2503 

Number 
Reguired 

1 

1 

1 

1 

1 

1 

1 

1 
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Description 

Regenerator No.2 
T - Cylindrical, Conical btm 
S - 41 0 X 81 Straight Sides 
M - C.S. Refractory LinSd 
Des PIT - 200 psia/1200 F 

Compressor Suction Knock-Out Drum 
T - Vertical 
S - 11 0 X 31 T-T 
M - 304 SS 
Des PIT - 20 psig/2S0oF 

After Cooler Knock-Out Drum 
T - Vertical 
S - 11 0 X 31 T-T 
M - 304 SS 
Des PIT - 50 psig/400oF 

Spent Catalyst Storage 
T - Rectangular Hopper w/double discharge 
S - 41 X 81 X 151 OAH 
M - C.S. 
Des PIT - ATM/1S0oF 

Regenerated Catalyst Storage 
T - Rectangular Hopper w/double discharge 
S - 41 X 81 X 151 OAH 
M - C.S. 
Des PIT - ATM/1S0oF 

Spent Catalyst to Regenerators Conveyor 
T - Pneumatic 
C - 60 ft 3/hr 

~ent Catalyst to Regenerators Conveyor 

T - Pneum~tic 
C - 60 ft /hr 

Regenerated Catalyst to Gasifier Conveyor 

T - Pneu~atic 
C - 5 ft /hr 





IV. SUMMARY OF PROCESS MATERIALS AND UTILITIES 

In the following sections are given the expected raw materials and 
utilities consumption and production for the plant complex. 

A. Summary of Raw Materials and Utilities Imported 

l. Wood 

Quantity, dry tons per day 200 

Moisture content, wt. % 49.5 

2. Raw Water 

Flow, gpm 70 

3. Gasifier Catalyst 

Usage, 1 b/hr. 5 

4. El ectri ci ty 

Normal operating draw, kw 980 

5. Diesel Fuel 

Average usage, gallons/day 33 

B. Products and Byproducts Exported 

l. Product Substitute Natural Gas 

Production, scfh 89,950 
HHV, Btu/scf 956 
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2. Wood Char 

Quantity, tons/day 

Composition: wt.% combustibles 

wt. % ash 

3. Wood Ash to Pond 

Quantity, tons/day 

4. Treated Wastewater 

Flow, gpm 

5. Sludge from Wastewater Treating 

Quantity, tons/day 

C. Summary of Catalyst and Chemicals 

1. Catalysts 

Shift Conversion 

Primary Methanation 

Secondary Methanation 

2. Process Chemicals 

K2C03 for Acid Gas Removal 

V20S for Acid Gas Removal 

DEA for Acid Gas Removal 

Lime for Wastewater Treating 

IV-2 

INITIAL 
CHARGE, ft. 3 

ISO 
62 

40 

8.5 

80.2 

19.8 

9.6 

34 

7.2 

MINIMUM 
LI FE I YEARS 

1 bs/Day 

19 

0.4 

1.5 

6,450 

1 

1 

1 



Boiler Chemicals 

Scale Inhibitor 
Oxygen Scavenger 

Corrosion Inhibitor 

Cooling Tower 

H2S04 for pH Control 

Corrosion Control 
Dispersant 
Algae Control 
Chlorine 

D. Summary of Operating Labor 

Areas 

Wood Storage and Drying 

Gasification, Cleanup, Shift, 

Methanation, Compression, Acid 
Gas Removal, Gas Drying 

Offsites including Boilers, 
Char Distribution, Cooling Tower, 

1.5 
0.1 

0.8 

13 

4 

1.6 

0.5 
7 

Personnel Required 

8 

18 

Wastewater Treatment, Catalyst Regeneration 18 

TOTAL 44 
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V. CAPITAL COST ESTIMATE 

This section includes the Capital Cost Estimate for the Wood to 
Methane plant. Total plant costs are indicated as well as costs 
by plant area. The capital cost is $26,680,000 - September 1980 
basis for the plant to process 200 tons per day of dry wood. The 
detailed estimate summary is included on the following pages. 
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DavyMcKee----------------------------------~ 

EXEaJI'IVE SUMMARY 

200 TPD moD TO ME'lliANE 

Equipment & SIC Equipment 

Direct Purchase Material 

Subcontract: Material 
Laoor (99M MIRS) 

Direct Hire Laoor (l77M MtRS) 

SUBTDrAL DIREcr oosrs 

field Indirects 

Pro-Services 

Other 

9/12/80 T .I.C.* 

ESCAlATION 

ESCAlA'lED T. I. C . 

EXCl.l.E IONS: 

Property 
Start-up Costs 
Plant Roadways 

oosr 

$ 9, 110M 

2,800 

180 
2,650 

2 ,.280 

$17,02<l1 

3,840 

5,350 

470 

$26,68<l1 

2,220 

$28,90OM 

Demolition of Underground Obstructions 
Pranium Time 
Operating and Maintenance Costs 
Contingency 

OC-5471 
11/17/80 

% OF 
T .I.C. 

31.5 

9.7 

0.6 
9.2 

7.9 

58.9 

13.3 

18.5 

1.6 

92.3 

7.7 

100.0 

*9/12/80 basis was used for consistency with the 2000 TPD Plant estimate. 

DM"ZZ07 

V-2 



-'---

~DavyftncKee-------------------------------------' 

CLIENI': 

liCATION: 

PROJECT: 

TYlE OF ESTll1ATE: 

rxnJMENI'S: 

SCDIE OF IDRK: 

DM-ZZ07 

NC-S471 
11/17/80 

Battelle Pacific Northwest Laboratories 

Newport, Oregon 

200 TPD of Wood to l1:thane 

Class VII Total Installed Cost Estimate 

The following documents prepared for this project were 
used to prepare the estimate: 

tI::-5471 T.I.C. Estimate for Battelle PNL, 2000 
TPD Wood to Methane dated Septanber 12, 1980 
(Value = $103MM ± 25%). 

Four line equipment list developed by Process 
Engineering for Areas 401,402,403 and 409. 

Preliminary layout drawing of the Wood Sizing and 
Wood Storage areas. 

Davy MCKee is to detennine the economic feasibility of 
producing methane by catalytic gasification of wood. 
The Estimating Department is to evaluate the cost of 
Engineering, Procurement, and Construction for the plant 
based on the following areas: 

401 - Wood Storage and Sizing 
402 - \-lood Drying 
403 - Gasification 
404 - Compression 
405 - Shift Conversion 
406 - Primary Methanation 
407 - Acid Gas Removal 
408 - Final Hethanation and Product Gas Drying 
409 - Catalyst Regeneration 
410 - Waste t.Jater Treating 
411 - Raw Water Treating and Cooling ~.;rater 
412 - Boilers and Boiler Feedwater System 
413 - Miscellaneous Utility System 
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--DavyMcKee--------------~----· I 

SQiEDUlE: 

EsrIMA're APFROAOl: 

NC-S471 
11/17/80 

The following schedule was asstJIIed based on historical 
infonnation: 

Engineering: Start 
Canpletion 
Duration 

Procurement: Start 
Canpletion 
Duration 

Cons truction: Start 
Canpletion 
Duration 

10/01/80 
2/01/82 

4/01/81 
8/01/82 

4/01/81 
2/01/83 

TOl'AL FRQJEcr DllRATICN: 28 Months 

16 Honths 

16 Months 

22 Months 

This est±rate is a scale down of the earlier estUnate 
for Battelle PNL, 2000 TPD of ~-lood to Methane dated 
9/12/80 (under the sane contract: OC-5471). The fol-
10Ning paragraphs outline the techniques used for the 
entire project. 

MAJOR EQUIR1ENT ($2,73!l1 Direct Purchase, 9.4% of TIC) 
($6,38lM SIC Equip. Mat'l. Portion, 

22.1% of TIC) 

The maj or equiIXIEnt for Areas 401, 402, 403, and 409 was. 
defined on four line equiIXIEnt lists developed by Davy 
M=Kee's Process Depar1:nEnt. Equi~nt pricing for Areas 
401 and 402 was based on installed cost budget quota­
tions solicited. frem vendors by Davy McKee specifically 
for the 200 TPD Wood to Methane project. Each piece of 
equi~nt in Areas 403 and 409 was priced in one of 
three ways: 

Vendor quotations for similar equiflIent (similarity I 
determined by 4-line equipmmt list) on recent 
estimates. 

In-house historical cost infonnation correlating 
cost to equipment characteristics (e.g., pricing 
exchangers on a dollar per square foot of ex­
changing area basis). 

Factoring to other recent estUnates using the six­
tenths ~thod. 

Equipnant pricing for all other areas was obtained by 
using scale down factors applied to the original (2000 
TPD) estllnate. The scale down factors ~re developed 
by the Es t:imating Department based on the type of equip­
ment in each area (Reference: Table 1). 
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Davy McKee-----------------------------------. 

ES!IMATE APIROAQI: 
(contiIiUed) 

o M·Z207 

OC-S471 
11/17/80 

MAl)R EQUIR1ENT (continued) 

An allowance for freight, mere applicable, ms made 
and included in the equiprent price. 

DIRECT PURCHASE MATERIAL ($2, 800M, 9.77. of TrC) 

Direct Purchase Materials except those in Areas 401, 402 
and 407 were factored to equiprent using the same 
material dollar to equipment dollar ratios developed for 
the original (2000l'PD) estimate. Materials except Civil 
for Areas 401 and 402 were included with the vendor 
quote. The Civil WJrk was estimated utilizing prelimin­
ary site layouts for these areas. Area 407 ms factored 
fran a previous quotation on a Total Installed Cost 
basis, therefore required no specific calculation to 
develop the cost of direct purchase materials. 

The material IUrchase strategy (Le., direct purchase 
vs. subcontractor IUrchase) is identical to the strategy 
in the original estimate. 

SUBOONTRActS (Material $17SM, 0.6% of TrC) 
(Labor $2,652M, 9.2% of TrC) 
(Excludes SIC Equip. Matll. Portion) 

The subcontractor purchase material was factored to 
equiprrent using the same material dollar to equipmmt 
dollar ratios developed for the 2.000 TPD 9/12/80 esti­
mate. 

Subcontract labor man-hours for material and equiprent 
were factored using mn-hour to ma.terial dollar relation 
ships based on the original (2000 TPD) estimate. Labor 
man-hours were priced using a SIC labor rate of $26.961 
MHR in accordance with the 2000 TPD 9/12/80 estimate. 

DIREct HIRE IAEOR ($2, 280M, 7.9% of TIC) 

Equipment erection/installation direct hire man-hours 
for Areas 403 and 409 were developed using Davy McKee 
Base 1. 0 man-hours. All other direct hire man-hours 
were factored using man-hour per material dollar ratios 
based on the original estimate. Labor man-hours were 
priced at the canposite wage rate of $12. 84/MIR in 
accordance with the original estimate. 
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DavyMcKee----------------------------------~ 

ESTIMATE APffiOAQ!: 
(continued) 

C M"Z201 

N::-5471 
11/17/80 

FIELD INDIRECl'S ($3 , 83a1, 13 . 3% of TIC) 

The field indirects estimate includes construction 
supervision, field office labor, auxiliary labor, ten­
porary construction, construction equipment, small 
tools, consumables, field office costs, and direct and 
indirect labor payroll burdens. Costs for these itans 
except for payroll burdens ware developed on a percent 
to direct hire direct labor wages basis using historical 
data on canp1eted projects. (Ref.: TABLE 2) 

Payroll burdens v;ere calculated using in-house data on 
craft laoor fringe benefits and existing goverrmental 
rates for payroll taxes and insurances. 

PROFESSIONAL SERVICES ($5, 35CM, 18.5% of TIC) 

Professional Services include Engineering, Clerical, 
Engineering Services, Estimating, Cost Engineering, 
Schedule Control, Procura:nent, Hane Office Cons truction, 
and Accounting. Hane Office (H.O.) salaries ~re 
deteDnined by factoring to total direct costs based on a 
similar sized estimate. Out-of-pocket costs 
(reproduction, canputer utilization, telephone, etc.) 
were factored using a percentage of Hane Office Salaries 
based on the s~ recent estimate. Fringe Benefits and 
Overhead v;ere established at 118.9% of H.O. Salaries; 
Professional Services Fee was established at 7.5% of 
Professional Services costs. These terms are in accord­
ance with goverrment guidelines. (Ref.: TABlE 3) 

Salaries 
Fringe Benefits 
Overhead 
Fee: Pro-Services 

Construction 

) 
) 

12% x Direct Cost 

118.9% x Salaries 

7.5% x Pro-Service Cost 
2.0% x TIC 

INSl.lRANCE ($42Cl1, 1.5% of TIC) 

Insurance coverages include general liability, auto­
mcbile liability, installation all risk, and bare rental 
cO\1erage. The cost of insurance was established at 1.5% 
of the Total Installed Cost based on recent gasifica­
tion estimates. 

TA)ES 

There are no applicable sales or use taxes in Oregon. 
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Davy McKee-----------------------------------. 

ESTIMATE APffi~OI: 
(continued ) 

EXCLUSIONS: 

ROYALTIES & COMMISSIONS 

NC-5471 
11/17/80 

A one-time, paid-up license fee of $5CM for the Benfield 
process is included. This fee was developed by the 
Estimating Depa.rt:Ioont based on in-house information. 

ESCALATION ($2,224M, 7.7% of TIC) 

Escalation percentages for the 200 TPD plant are the 
sane as in the original estimate. The following table 
summarizes the results of the escalation analysis: 

Equiprent 
Direct Material 
Subcontract (E, M, & L) 
D/H Labor 

SIT DIRECl'S 
Field Indirects 
Professional Services 
Itans Not Subject to 

Escalation* 

TOrAL 

BASE 
COST 

($-M) 

2,730 
2,800 
9,208 
2,280 

17,018 
3,238 
4,975 

1,445 

26,676 

TOrAL 
ffiOJECIED ESC. 
ESC. (%) ($-M) 

10.4 280 
10.1 280 
9.8 902 
8.7 200 

"9.8 1,662 
9.5 312 
5.1 250 

8.3 2,224 

*NOTE: Items not subject to escalation include license 
fees, Pro-Service fee, construction fee, and 
insurance because these itans \\ere· based on 
escalated values. 

Property 

Start-up Costs 

Plant Ro~ys 

Demolition of Underground Obstructions 

Premium ~ 

Operating and Maintenance Costs 

Contingency 

V-7 
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NC-5471 
11/17/80 

TABLE 1 

SCALE Jll.lN FACl'ORS tEED 
FOR PRICING EgUIPMENT 

SCAlE roJN 
EXOONENl' REFERENCE AREA 

AREA TITlE FACl'OR MULTIPLIER FRCM BASE ESTIMATE 

404 Canpr ess ion (x) .7 = .200 204 
405 Shift Conversion (x)·65 = .224 205 
406 Primary Methanation (x)·65 = .224 206 
407 Acid Gas Ranoval (x) .5 = .316 207 
408 Final Methanation (x)·65 = .224 208 
410 Waste Water Treating (x)·6 = .251 210 
411 Raw Water & Cooling water (x)·6 = .251 211 
412 Boilers & BF\v Systan (x)·6 = .251 212 
413 Mise. Utility Systan (x) .65 .224 213 

NC7IE: 200TPD 
x = 2000 TPD = 0.1 
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D/H Labor: Man-hours 
\<age Rate ($/MIR) 
Wages 9/12/80 

Construction MgIIL - Salaries 
- Other Costs 

Field Office Labor 
Auxiliary Field Labor 
Tanporary Construction 
Construction Equi~nt 
Small Tools & ConsmJilbles 
Field Office Expenses 

Subtotal 

PA 'fROU. BlRfENS 
Constr. Supv. @ 38% x Sal. 
F. O. Labor @ 38% x Sal. 
Aux. Labor @ 51. 5% x Sal. (3) 
0.11. labor @ 51.5% x Sal. (3) 

9.Jbtotal 

IDrAL 

NarES: (1) Escalated to 9/1/80 

K:-4511(l) 

ruST 
($-M) 

383. 1M 
12.84 

$4,919M 

% OF 0/11 
~S 

~ 15.2 
170 3.5 
138 2.8 
337 6.9 
553 11.2 
881 17.9 
373 7.6 
86 1.7 

3,287 66.8 

NIA 
NIA 
NIA 

. NIA 

NIA 

(2) Canposite based on 1C-4707 and K:-4511 
(3) FIB Canponent = $2.34/IIR ~ $12.S4/HR 

TAIi..E 2 
FIElD INDlRECl'S IEVElDIW.Nf 

K:-4707(l) K:-4228(l) 
330.1'i 1,087.£M 
12.84 12.84 

$4,24LIM $13,96~ 

oosr % OF DIH OOST % OF 0/11 
($-M) WArnS ($-M) WMES 
-m 18.3 2,OOb 14.4 

179 4.2 
117 2.8 998 7.1 
438 10.3 
659 15.5 1,733 12.4 

1,077 25.4 2,824 20.2 
475 11.2 31 0.2 
145 3.4 

3,866 91.1 7,592 54.3 

NIA NIA 
NIA NIA 
NIA NIA 
NIA NIA 

NIA NIA 

Balance = F.I.C.A. (6.13%), F.U.I. (0.7%), S.U.I. (4.3%), W.C. (22.21%) 
IS.2% 
33.3% 
51.5% 

V-9 

1'1.:-5471 
IDT-mO 

REo:H-1ENlED 
<XMmSI'fE FOR 1'1.:-5471 
I,BOt.2M 177. 2M 

12.84 $12.84 
$23,127M $2,28(J.t 

(»ST % OF D/H o:>sT % OF 0111 
($-M) WA.Q;S ($-M) WAlliS 
3,ffi 15.3 '"'30 15.3 

349(2) 3.8 87 3.8 
1,253 5.4 123 5.4 

775(2) 8.5 194 8.5 
2,945 12.7 290 12.7 
4,782 20.7 472 20.7 

848(2) 9.3 212 9.3 
-.ll!(2) -.b.1 ..--1I ...bl 

NIA 1,784 78.2 

NIA 133 5.8 
N/A 47 2.1 
NIA 100 4.4 
NIA 1,174 51.5 

NIA 1,454 63.8 

3,238 142.0 
(ltiS'1'UUCTIOO fEE: 

2.0% x T.LC. 600 26.0 

3,838 168.0 
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DavyMcKee----------------------------------~ 

TABLE 3 

PROFESSIONAL SERVICES IEVELOPtflIT 

H.O. Salaries @ 12% x D.C. 

Other Costs @ 25% x H.O. Salaries 

F/B & O/R @ 118.9% x H.O. Salaries 

SUBTOTAL 

Fee @ 7.5% x Professional Services 

TOTAL ffiOFESSIONAL SERVICES 
(9/12/80 Basis) 

Escalation @ 5.1% x Professional Services 

ESCAlATED PROFESSIONAL SERVICES 

V-10 

NC-5471 
11/17/80 

$-M 

$2,04CM 

510 

2,425 

$4,975M 

375 

$5,35CM 

250 

$5,60111 
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( 
SCHEDULE: AWAAD DATE \r:J\ I&; 
MECH. COMPL: ~J ISo:, ~MO. 

I 

CLIENT: BATIEl' e. PROJECT £.i1MARY SHEET 

McKee 
PLANT 2.00 T PD WOOD TO 

ESTIMATE NO. t-JC -5~' CONSTR. START: L.lll 81 2:Z. MO. LOCATION: N8.WPOR"r .. ORE-, DATE: ~ ~ '!:2 80 J L 
ITEM PROJECT SUMMARY SHEET (ALL AMOUNTS IN 1000'S) MH DATA 

1 EQUIPMENT ~ ~r 

2 MATERIAL >'pi 
3 SUBCQNTRACT,EQUIPi MAT'l. 1t-i.'S'5h LABOR 2J,...~~ ~ Fl ir~ ~ 
4 LABOR 1 11 12 I. jiI\~-

5 PREMIUM TIME SIC D.l. 
---

6 ESCALA TION: EOUIP. ~~ . MAT'l.'2J30 ; SIC Q02.. ; LABOR '1.£:D It 1'= 11:112 
7 SUB TOTAL DIRECT COST 2-rt E: I~ ~ ~~ I 

f- f--
8 CONSTR. SUPERVISION: W:- O.C. 

-f-r---
9 FIELD OFFICE LABOR ! 

10 AUXILIARY LABOR 

11 TEMPORARY CONSTRUCTION: MArl. ; SIC ; LABOR 
f-f-

12 CONSTRUCTION EQUIPMENT: EOUIP. LABOR 

13 SMALL TOOLS CONSUMABLES - --

14 FielD OFFICE COST 
--f-f-

15 PAYROLL BURDEN 
- - f- -

16 ESCALATION ~\ 2 
0::: 
I SUB TOTAL FIELD INDIRECT COST ~ &;&; 1""1 

17 

Ec...(IAI/l.nON (@5',1 "IDx. P.'O,) f- ~-
2.~ 

f- - f- - -- ---
18 ENGINEERING W: O.C. 

- _.- --
19 PROCUREMENT W: O.C. - -- c-~ --f--
20 H.O. CONSTRUCT. SUPPORT W: O.C. 
21 COMPANY FRINGES ON p.s. COST @ %OF$ 

22 SUB TOTAL PROFESSIONAL SERVICES R ~IC:; 

23 SUB TOTAL ESTIMATED COST ITEMS 7, 17 & 22 12 1~ I~~ I .... , .... 

----- -- r-
24 CONTINGENCY: D.C. F.I.C. P.S. O.C. 

----- --- -- - r-- -f- - - - .- --
25 ROYAL TIES & COMMISSIONS ~ 

-f- - f- - --
26 TAXES 

-(((5) --- I. '5 % T IC.)----------- ----------~ ----- i-i-- -- - -- - 1--
27 INSURANCE )< rt:: 
28 SUB TOTAL OTHER COST IM'r"-

29 OVERHEAD: % OF P.S. ; % OF CONSTR. SUPERV. '\il.l ..... -:J ) ---- -------- - --- ---- -.----------------- --- - f- -- .- c- f-- -- - f--- -- -- -- _.- - - - ,--- - -

30 FEE: PROFESSIONAL SERVICES @ 1.5% X ES. ~,., c:, 
---- --~-.--------- ------------ ---f- - - ..... i- r- .. -- --- -- - ---- --- ---

FEE: CONSTRUCTION @2..oro ~ T .. \ c.. I" /" 
31 

~"" 
TOTAL PROJECT COST ~ B r"o 

32 ...... 

APPROVED: . ~'~£7 PAGE OF 
-'~- -- --- - --- - ,-- - - ._-- - --- --- -- '-'-- -- ---_ .. _-- - ,-----------, .. --------------._--- ----------.--'--- ,~---. -_. ---- - _. -- -~-.- ---
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DIRECT COST SUMMARY SHEET 
Davy McKee 
OM 1359A Rev. 10179 

. PROJECT 

2D)\,Pb \~Jmh iO l"\t;.i~ANI:.. 
LOCATION 

NLiWt-{)Rl. DRE 
CODE 

NO. DESCRIPTION 

~ _'WmD ~TQRACE 

402 'v-KDD DR'fiNG 

LiO~ (-AS I F \ CATI 0 1-.1 

~OLj C.o.t:1PRE. ~S ION 

~05" St-UIT CO~"E..RSV)~\ 

~ PRI MAR''\'' M ETli~N_AI1illl 

L{l5'"1 ACID ~A~ RL=.t·-'lO~AI 

lio8 f="INAt ME.T~ANATION f 
PRnblXOrCAc, "DRYIN(r 

"I(}1 rAT8~T R~F-~~E.RA..1 !Qt'-! 

~IO 'vJASTE. WATf:'R TR~A'-I\J(. 

41 I RA'vJ wAreR ~ COOUNC. W8I£R 

~ iBoIL..E.RS t RF\..,I 5,(~TF\V1 

41'3 Mt~ lITll lTV ":'\.-:~T~,H 

rOlAL 

---

( 

ALL MANHOURS & DOLLARS IN 1000'S 

PLANT AREA 

-'TOTAL Pu\NT- D\RS(!.T c:o:,T SUMMA.R'\' 
OWNER 

~A1T6l.LE: PNl-
MILESTONE DIRECT 

PIO SUBCONTRACT 

MATERIAL 
OTY UNIT TOTAL MATERIAL LABOR GRAND 

$ 
$ MAN 

HRS. RATE TOTAL $ TOTAL 

1~q ~i.i'31 ~2..'7 I \.; \ ~L& 

I~Lq Tb.~ LlL!LI 1'l'T-\ 

\ '5'2..'1 ITCf (r,,""J., I'll 2.Qn 

?/"Ll' b 0.(.-) 15 '2..1 

!)\b 13 1.2.. '6\ till 

3qJ 'C> -'1.'1 l~ 26 

~Q -10 .. 0 2.10 1CQ 

J..4Q7 21t I I 2.q 5'7 

1--
~.,~ ___ 12 D.S l~ ---1<1 
\[~ -JRJ _'1.-.b 

-
l'2.4 .'2..ctI 

2YCf \~ £.it I 110 '2."\'-1 

'::::'L.~ .....BO.L WafS 'U,2 I~~ 

2'7L4 1l.1 O.'S IY 2.'6 
_.- --~.-

5'S~ ~50 Cft3 2.~S?" Q'ZD5-
--f--

Pag8 _ 

PROJECT NO. 

NC. -sy,\ 
BY DATE 

CJ\-\ 
DIRECT HIRE LABOR PERCENTAGES 

GRAND 
MAN TOTAL TOTAL ITEM ITEM 

RATE TO TO $ HRS. $ CAT TOTAL 

, .~ Jl.8la1 q'2.'2. !/J'!I'2.fa3. 

\""1~ 

2.q,t-, 3BD '2. Iq'l 
"-t----

LI.2 5Lf ?P15 

93 --------- __ 1m .-.Ja'lfJ. _._----

b..1 ~b. --5CB 
.-- _._-

f----

-'lCiJ 
---' -.--

<6.h \ \ \ ~~5 
---- I-. 

t;;~ -~ ~'1l 
--- .. --

-- ---

L4.b IrD 41[ 

~.2. 105 1ii8 _ 

\'1. 2. 2.'-3 1m-. --
.Q.1 137 L:f~~~ 

- -' 

I~ 1.1. 'L?.'fiJ ..11Dltl 
.- -

--
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DIRECT COST SUMMARY SHEET 
DavyMcKee 
OM 1359A Rev 10119 

PROJECT 

2..M .,- PD wmD SO MEll\ANG: 
LOCATION 

NG..\ I uORT .. ORE 

CODE 

NO_ DESCRIPTION 

EQ\JIPM(-JJi i. Bl)LK~(E)(Cl C.\V! , 

C\V\\ 

TOTAL 

< 
I 
-' 
J..> 

---

ALL MANHOURS & DOLLARS IN 1000'S 

PLANT AREA 

LiOI - wnnn ~"ORAC.l:::: 
OWNEIi 

AArrr-1 I r= p~\..... 
MILESTONE DIRECT 

PIO SUBCONTRACT 

MATERIAL 
QTY UNIT TOTAL MATERIAL LABOR GRAND 

$ 
$ ~~r RATE TOTAL $ TOTAL 

) 13L405 '1D.1 '2.b.g~ \f)~z. LJ4B7 .,-

'l~q 4b "-.~ b't \ \ ~ 

T3\.f 1~t.;'S1 "f'l. .1 1151 .~W2. 

. 

-

- -~~- --

Page __ 

--
PROJECT NO. 

1\\C.-5Y'11 
BY DATE c.J l:\ 
DIRECT HIRE LABOR PE RCENT AGES 

GRAND 
MAN TOTAL TOTAL ITEM ITEM 

RATE $ TO TO 
HRS_ $ CAT TOTAL 

IL.{Y8'7 

11.K I ~.<64 ,\2.2 111~ 

71 15 l2..!4 .922. ("''Lh?'" 

-

--

-

- -- ---- ----

~ -'-

--

Sheet_ot_ 



DIRECT COST SUMMARY SHEET 
DavyMcKee 
OM 1359A Rev_ 10179 

ALL MANHOURS III DOLLARS IN 1000'S -
PROJECT PLANT AREA PROJECT NO. 

200 TPD WDt1D It) ~ E.Il11\N t;. YO'2- .. WOOD \)R.YI~C;r NCo- 5471 
LOCATION 

o~nc:.' 
BY DATE 

~. ORE. -:; \.oLE. PNL CJ 
MILESTONE DIRECT DIRECT HIRE LABOR PERCENTAGES 

PIO SUBCONTRACT 
CODE GRANO 

DESCRIPTION MATERIAL MAN TOTAL T9TAL ITEM ITEM 
NO_ QTY UNIT TOTAL MATERIAL LABOR GRAND RATE $ TO TO 

$ MAN 
HRS_ $ CAT TOTAL 

$ HRS. RATE TOTAL $ TOTAL 

I\. -

P.n.J\?M~r E B.UL~~(EXC1., C,IVII .) 1~'Lq Ib..~ ----~~ \'1'73 1'/~3 
, " 

,. \\1 IL I ~ ('Ll,fj: j') \N ARI:- ~ 1..(( I 

--- i'7'73 I(ITAL 13'2..CJ Ib.5 L.lLI'-1 1173 ---

--- --

-- - - r----

-
--<: 

I -- -----
I-' 

--- --,-----

+> 
- ----

r------ ---- -~ f----

- f-- ---- ------ ----- ----. 
------ r---- ----

- ---- --- ---

----- 1------- -- ~. --
--1--------

--
---- --- ---- -~----- ---

-- ---- --
-- ._- ---

---- ------- --------~ -- -- _._- -

- -
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DIRECT COST SUMMARY SHEET 
DavyMcKee 
OM 1359A Rev. 10179 

PROJECT 

,£00 TPD ""'000 I() 
LOCATION 

J':1EwroBT ~ oRE. 

CODE 

t1E..I~A~L:: 

NO. 
DESCRIPTION 

f=:Ot J\PMFJ\\T 

PI ?ING-

ICJVIl 
" 

ISTRUDueAt STEt!'.;l 

<: 
II"-'l I:: r'iR I~L 

I 
I-' l~lSTP()l'\5N'T~ U1 

I N ~Ul.AT\n"" 

?A\hJT\MC-

F: I R (~ FRet) r:-I t--t r~ 

jl}'~~e.UAt~Ea~ (0)(1 9'oM +1%L 
.... 

. TOTAl 

( 

ALL MANHOURS & DOLLARS IN 1000'S 
-

PLANT AREA 

L.lD'!. - GA~ \ F \C./\ 1 InN 
OWNER 

~.l.l L=: PNL 
MILESTONE DIRECT 

PIO SUBCONTRACT 

MATERIAL 
OTY UNIT TOTAL MATERIAL LABOR GRANO 

$ $ ~~~ RATE TOTAL $ TOTAL 

~'17 Tl. '2..5 1.b.<fb t.o~ 1'10 

21~ 

Lf2. 

2.\0 

Jb 2.5 hL 32. 5'1 

<12 

10 o.~ 22 ~'2.. 

'6 I.D 2.1 35 

11 0.'6 2"2- 1.~ 

15 

J52.; ll'l ~~ r:u 'Lqn 

-. 

-- -' 
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PROJECT NO. 

l\\c. ~ SY'l, 
BY c.J H I DATE 

DIRECT HIRE LABOR PERCENTAGES 

GRAND 
MAN TOTAL TOTAL ITEM ITEM 

RATE $ TO TO 
HRS. $ CAT TOTAL 

~.b I'L .'etI 59 \(}'7f-

1'2..'1 lSct 'i~ 

3.7 Lf~ gO 
--

'2..9 ~'1 242 

i~ 

4, \ 53 1t..t5 

32 

.~ 

Lb 

l.~ 2L1 3~ 

2.cti" 3'60 'Z\Cfi 

.--
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DIRECT COST SUMMARY SHEET 
DavyMcKee 
OM lJ59A Rev 10179 

PROJECT 

la") TP[) _WCY)O Tn M£THANl= 
LOCATION 

~BI ..... -DRE 
~ 

CODE 

NO. DESCRIPTION 

f-~Ql J \ eM FN T 

IPI P\ ~('T 

10.\ V\ l 

is TRUC~TUaA~ 5IFl:::::'.1 

-- /:... L J- CTfflC.AL-

IhlSl'RliM£::'Nr~ 

1--
t-' IN~UU:\TlnN 
CTI 

-
DlllhLIJh\~t 

EIBEffiQOEINll 

MJSC EJ 1. bliEOt b @(1Jhl1f]%l' 

TC)TAl 

--
. 

ALL MANHOURS & DOLLARS IN 1000'S 

PLANT AREA 

4(,,)~ - CAT A l '{Sa,. Rl;GI;'N~~i~ no N 
OWNER 

RATfEl_lJ- PNl 
MILESTONE DIRECT 

PIO SUBCONTRACT 

MATERIAL 
QTY UNIT TOTAL MATERIAL LABOR GRANO 

$ 
$ r"l~~ RATE TOTALS TOTAL 

2.B'lS ----

~ 

10 

10 

~-

'3 ()~i ?l-.q~ ~-f--~ 

I~ 

2. h_t.. "\ 7 

I nl ~- 4 

- -
------
~ 

- --

37'tJ b IT'S" I~ \'1 

--

----- . f----

PaQ"_ 

PROJECT NO. 

NC_ - CS'-I'l' 
BY 

C.JH 
DATE 

DIRECl HIRE LABOR PERCENTAGES 

GRAND 
MAN TOTAL TOTAL ITEM ITEM 

RATE $ TO TO 
HRS. S CAT TOTAL 

!...~ Il.Blt 2.LI 31'2. 

2.:\ 30 W 

0.9 1'2. LL 

0.2 ----3 _---13 

~ f------ ---
n.b IS -, H 

---
1 

Y 

- --

O.~l 5 q 
---

--
---

(o.~ ~2. 4~Cf 

--- ~-
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-
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VI OPERATING COST ESTIMATE 

The production cost of SNG from wood has been calculated based upon the 
capital costs and operating costs as generated by this study. The 

methods of calculating these costs are those presented in IICoal Gasifica­
tion Commercial Concepts Gas Cost Guidelines," a paper prepared for the 
United States Energy Research and Development Administration and the 

American Gas Association by C. F. Braun & Co. (NTIS 8463). There are 
two potential methods of financing a plant of this type, (1) utility 

financing, and (2) private investor financing. Production costs have 
been calculated using both procedures. 

The total plant investment has been estimated to be $26.680,000 
September, 1980 basis. To obtain the total capital requirement tor the 

plant, additional costs must be added to the estimated plant investment. 
These costs are an allowance for funds during construction, start-up 
costs, and working capital. These costs and the basis for their calcula­
tion is show in Table I. The total capital requirement for this plant 

is $31,805,000 

The annual direct operating costs have been calculated and are shown in 
Table II. These costs include raw materials, utilities, catalysts and 

chemicals, labor, administration and general overhead, supplies, and 
taxes and insurance, with a credit for by-product char. Total mainte­
nance costs were cal cul ated as percentage of plant investment as sug­
gested by the guidelines. These annual costs are $ 6.833,600. The 
most significant costs are wood, gasifier catalyst, labor, and taxes and 
insurance. Labor costs would not be very easy to reduce significantly, 
while taxes will depend upon local conditions and incentives. The major 
variable costs are wood and catalyst usage in the gasifier. At $20/dry 

ton for wood, which ;s the value used for the base case shown in Table 
II , wood costs are almost 20% of the total direct costs and almost 

15% of the total production costs using utility financing. Thus, 

either lowering the wood cost or improving yields from the wood would 

VI-l 



have more impact on costs than any other single variable. The produc­
tion costs have also been calculated for wood costs of $5, $10, and $40 

per dry ton delivered to the plant. 

In Tables III and IV the methods for calculating production costs are 
given based upon utility financing and private investor financing, 
respectively. The calculations for the base case of a wood cost of 
$20/dry ton are shown. For utility financing, the SNG production costs 
are $14.34, $14.83, $15.86 I and $17.84 per MM Btu for wood prices of 
$5, $10, $20, and $40 per dry ton. For private investor financing, the 
SNG production costs are $18.76, $19.26, $20.28,and $22.31 per MM Btu 

for the corresponding wood costs. 
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TABLE I 
TOTAL CAPITAL REQUIREMENT 

Total Plant Investment $ 26,680 M 

Allowance for funds During Construction 
(Total Plant Investment x 1.25 years x 0.09) $ 3,002 M 

Start-up Costs (20% of Total Annual Gross 
Operati n9 Costs) $ 1,375 M 

Working Capital (Sum of (1) raw material in-
ventory of 14 days at full rate, (2) materials 
and SU)Plies at 0.9% of total plant investment, $ 56 M (1) 
and (3 net receivables at 1/24 annual gas and $ 240 M (2) 
by-products revenue at calculated sales price) $ 452 M (3) 

Total Capital Requirement $ 31,805 M 
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TABLE II 
ANNUAL DIRECT OPERATING COSTS 

Operating Factor: 330 days/year 

COST COMPONENT 

Raw Ma teri a 1 

Wood 
Utilities 

Water 
Electricity 
Diesel Fuel 

Catalysts and Chemicals 
Chemicals 
Shift Catalyst. 
Methanation Catalyst 
Gasifier Catalyst 

Labor 
Process Operating 
Maintenance @ 

Supervision @ 

ANNUAL USE 

66,000 dry tons 

33,264 Mgal 
7.76 x 106 KWh 
10,890 gal 

150 ft 3 

100 ft3 

38,016 1 b 

44 men @ 2080 hr. ea. 
60% of total maintenance 
20% of process operating 
and maintenance labor 

Administration and General Overhead 
@ 60% of total labor 

Supelies 
Operating @ 

Maintenance @ 

30% of process operating 
labor 
40% of total maintenance 

VI-4 

$/UNIT 

20/dry ton 

0.50/Mgal 
0.03/KWh 
1.00/gal 

107/ft3 

435/ft3 

8.51/lb 

10.70/hr 

COST 
SlOOO/YR. 

1,320.0 

16.6 
232.8 
10.9 

51.0 
16.0 
43.5 

323.5 

979.3 
760.8 

348.0 

1252.9 

293.8 
507.2 



Taxes and Insurance 
@ 2.7% of total investment 

Total Gross Operating Cost per Year 

Bt-Product Credits 
Char 

Total Net Operating 
Cost per Year 

2805 tons 

VI-5 

$15.35/ton 

720.4 

6876.7 

(43.1) 

6833.6 



TABLE III 
GAS COST - UTILITY FINA~CING METHOD 

BASIS: 
20-year project life 
5%/year straight line depreciation on tota1 capital requirement 
excluding working capital 
48% federal income tax rate 
75/25 debt/equity ratio 
10% interest on debt 
15% return on equity 

DEFINITION OF TERMS: 
C = Total Capital Requirement, '106 $ 
W = Working Capita1, 106 $ 

N = Total Net Operating Cost, 106 $/year 
G = Annual Gas Production, 1012 Btu/year 

d = Fraction debt 
i = Interest on debt, %/year 
r = Return on equity, %/year 
p = Return on rate basis. %/year 

EQUATION FOR RETURN ON RATE BASE 
P = (d) i + (I-d) r 

GENERAL GAS COST EQUATION 
Average Gas Cost, $/MM Btu = 

N + 0.05 (C-W)~ 0.005 (p + 48/52 (I-d) r) (C + W) 
G 

C = 31.805 x 106 $/yr 
W = .748 x 106 $/yr 
N = 6.834 x 106 $/yr 
G = .681 x 1012 Btu/yr 

VI-6 



CALCULATION 

P = (0.75) (10) + 1-0.75) (15) = 11.25 

Average gas cost, $/MM Btu = 

6.834 + (.05) (31.805-.748) + (.005) (14.70) (31.805 + .748) 
.681 

= $15.83/MM Btu 

VI-7 



TABLE IV 
GAS COST - EQUITY FINANCING METHOD 

BASIS: 
20 - year project life 
16 - year sum-of-the-years· - digits depreciation on total plant investment 
100% equity capital 

12% DCF return rate 
48% federal income tax rate 

DEFINITION OF TERMS: 
I = Total plant investment, 106 $ 

S = Start-up costs, 106 $ 
W = Working Capital, 106 $ 

N = Total net operating cost, 106 $/year 
G = Annual gas production, 1012 Btu/year 

GAS COST EQUATION AT 12% DCF RETURN 
Gas cost, $/106 Btu = 

N = 0.2471 + 0.1337S + 0.2305W 
G 

I = 26.680 x 106 $ 

S = 1.375 x 106 $ 
W = .873 x 106 $ 
N = 6.834 x 106 $/yr. 
G = .681 x 1012 Btu/yr 

CALCULATION 
Gas cost, $/106 Btu = 

= 6.834 + (0.2471 (26.680) +. (2,.13,37) (1.375) + (0.2305) (.873) 
.681 

= $20.28 

VI-8 
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